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vii

 Th e theme of this book is the social-ecological transformation of modern 
society to a sustainable future society. Diffi  culties in this process are two-
fold: complex environmental problems for which technological and engi-
neering solutions are insuffi  cient, and complex processes to be organised 
in the governance of global change or earth system governance. In sustain-
able development, as the transformation process is usually and inexactly 
called, a new democratic world order needs to be built to achieve the 
transformation to sustainability. Ends and means of global transformation 
interplay in complicated ways. Th e lack of success and the distortions of 
the prior sustainability process can be seen as a consequence of the pre-
vailing policy: the neoliberal “green economy” strategy, aiming more at an 
ecological modernisation of the global economy than at a transformation 
into a sustainable economic system. In the 2015 summit of the United 
Nations a new agenda, “Transforming our World: the 2030 Agenda for 
Sustainable Development”, was adopted. Th is soft policy document shows 
still the predominant and incoherent sustainability thinking of the past, 
in normative terms, without adequate knowledge and governance prac-
tices—although the terminology of transformation is now in use. 

 When the global discourse of sustainable development began, about 
thirty years ago, the nature of the changes on the way to sustainability was 
not clear. A series of social, political, economic, and  environmental changes 
paves the way to sustainability. Knowledge practices in the scientifi c and 
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political discourses of sustainable development and global governance 
need to be reviewed critically to initiate a transformation: specialised envi-
ronmental research and governmental policies do not create the knowl-
edge, action capacity, empowerment of actors, and transformative agency 
necessary to achieve sustainability. To build more coherent strategies and 
provide more realistic information, social-scientifi c and ecological knowl-
edge of the changes of modern society and modern ecological systems 
needs to be synthesised. Meanwhile, sustainable development has been 
reformulated as another “great transformation”, using the term created by 
Karl Polanyi in his historical analysis of the rise of modern capitalism and 
its market economy in England. Today the term is used for a new, global 
transformation of modern society: a rupture of path-dependent develop-
ment of the modern economic world system that is programmed for self-
destructive economic growth and growth of resource use. 

 Th e social-ecological transformation is not another phase of modernisa-
tion, as discussed in theories of refl exive or ecological modernisation. Th e 
development of a collective political subject for global governance that can 
drive the transformation is a complex social process; it is not achieved with 
the organisation of cooperation of political actors with diff erent interests 
in the routines of environmental policies at regional, national, and inter-
national levels. Transformative governance, rethought as social-ecological 
transformation, is higher-order governance for regulating long-term social 
and ecological change. Such regulation deals less with policy planning or 
the management and restoration of ecosystems and more with attempts 
to infl uence indirectly the autonomous processes of social and ecologi-
cal development and change that cannot be managed, triggering further 
changes that result, fi nally, in the transformation of modern society and 
its relations with nature. On the way to global sustainability, a process of 
many decades or even some hundred years, a new mode of production is 
built, in the terminology of social ecology called a new societal metabolism. 
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Th is social-ecological process that touches all spheres of society and nature 
cannot be foreseen in its course. In the process of transforming society, only 
the near future is visible. Th e distant future, approached in subsequent 
phases of transformation, clarifi es gradually with the advancing process.  

   Karl     Bruckmeier   
  Moscow, Russia   
 December 2015 
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    1   
 Introduction: Developing Social- 
Ecological Concepts and Theories                     

      Th is book advances a social-ecological theory aiming to generate knowl-
edge for reconnecting nature and society. Social ecology develops as an 
interdisciplinary science, using knowledge from the social sciences, espe-
cially sociology and economics, and from natural-scientifi c ecology that 
connects to further knowledge from biology and physics. Th is theory 
described in seven chapters is a theory in progress that deals with the 
problems of connecting heterogeneous concepts and theories to form 
a new interdisciplinary theory. Inter- and transdisciplinary knowledge 
syntheses create new possibilities to understand global environmental 
change and problems resulting from that. Such knowledge syntheses are 
used in integrated analyses of global change of climate, land use, and 
biodiversity, for the purpose of identifying pathways of transformation to 
a future sustainable society. 

 Th e social-ecological theory develops in a situation where environmen-
tal research and the understanding of environmental problems change. 
Problems analysed earlier in environmental research—pollution of air, 
water and soils from industrial production and urbanisation, defores-
tation, erosion, and desertifi cation—become in the global change per-
spective parts of more complex problems that interact in manifold ways. 



Th e problems can no longer be separated or kept separate for purposes 
of technical problem solution. Th e development of an interdisciplin-
ary theory requires accompanying epistemological and methodological 
refl ection. To study such complex problems, the new theory of nature 
and society needs to deal with various diffi  culties of knowledge synthesis 
described in the following seven points:

    1.     Disciplinary knowledge is generated with incompatible epistemologies and 
methodologies that block interdisciplinary integration of social- and 
natural- scientifi c knowledge.  Clashes between diff erent disciplinary 
epistemologies often show in such prejudices as Weisz described. A 
social-scientifi c prejudice of a complex society and a less complex nat-
ural environment clashes with a prejudice of natural scientists to see 
natural systems as complex and man as a uniform actor disturbing 
nature (Weisz  2001 : 11, 114). Weisz’s discussion of such “specialisa-
tion syndromes” shows the diffi  culty to refl ect on these in an interdis-
ciplinary language. Th e disciplinary cultures in which specialised 
scientifi c knowledge is produced seem to exclude each other. 
Sociological or economic knowledge cannot be reformulated in terms 
of biological or physical knowledge or vice versa. Knowledge from dif-
ferent disciplines needs to be connected by taking into account the 
epistemic diff erences between disciplines. Studies of social and eco-
logical systems in sociology and ecology diff er in their conceptualisa-
tion, in structures, functions, processes, and problems. Th e 
construction of an integrated framework of social-ecological systems 
requires further epistemological, theoretical, and methodological 
refl ection and specifi c methodologies for the synthesis of knowledge 
from sociology, ecology, and other disciplines. Such a methodology of 
theory construction works with bridging concepts and frameworks 
that help to connect social- and natural-scientifi c research and knowl-
edge. Many of the concepts and frameworks discussed in the con-
struction of a social-ecological theory of nature–society integration are 
of this kind, for example, the interdisciplinary concepts of vulnerabil-
ity, resilience, and sustainability in ecological research on the interac-
tion between modern industrial society and nature. Bridging concepts 
that mediate between theoretical, disciplinary, and practical discourses 
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and hybrid concepts (as “social-ecological systems”, “socio-natures”, 
or “technological natures”) spread in the research on interactions 
between nature and society, but their epistemological status remains 
unclear.   

   2.     Th e possibilities of joint languages and terminologies for interdisciplinary 
communication and synthesis need to be clarifi ed.  When empirical 
knowledge from diff erent disciplines is synthesised, conceptual struc-
turing is necessary. A joint terminology for several disciplines, as for 
example in systems theory, does not yet generate joint explanations or 
interpretations and integration of disciplinary research as the applica-
tions of systems theory show. Interdisciplinary communication in dis-
courses about nature and society is not always possible through 
simplifi cation of theoretical arguments. Th e terminological problems 
need to be solved by methodologically clarifying the forms and scopes 
of social-ecological knowledge synthesis. Neither in empirical social- 
ecological research nor in the theory of interaction of nature and soci-
ety, the aim is to replace specialised and disciplinary research. Th e 
synthesis makes other use of specialised knowledge for other than the 
original purposes. In the analysis of problems of global environmental 
change, it needs to be asked how much knowledge is to be synthesised 
to understand the phenomena studied. Impossible as the integration 
of all specialised knowledge is, it is still necessary to achieve broader 
syntheses to tackle the complex problems, systems, and processes of 
global change. Inadequate generalisations and explanations are wide-
spread in environmental and ecological research, for example, in 
ascriptions of environmental problems to human nature, ignoring the 
signifi cance of diff erences in cultures, societies, and modes of produc-
tion. Also seems doubtful is the anthropological “overshoot and col-
lapse” hypothesis of Diamond ( 2005 ) which transfers knowledge 
about the collapse of small-scale societies in human history to a poten-
tial collapse of the present global society.   

   3.     Th e use of hybrid terminologies in interdisciplinary theories of nature and 
society is not always suffi  ciently developed in epistemological and method-
ological terms.  Adopting a hybrid terminology by blending the terms of 
society and nature, in sociology, geography, and elsewhere, a hybrid 
concept of “socio-natures” is constructed (Blok  2010 ). Th is concept 
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evokes the question, which disciplines create adequate knowledge for 
interdisciplinary and theoretical syntheses on nature and society? Other 
examples are the concepts of “technonature” (White and Wilbert  2010 ) 
and the theory of “technological nature” by Kahn ( 2011 ) who discusses 
in a human-ecological perspective the question of the consequences 
when actual nature is replaced by technological nature created by 
humans. Here the question is, whether technology is the variable suffi  -
cient to represent society in the theoretical construction of hybrids. 
Kahn’s synthesis builds on selected knowledge from studies of new 
information technology and from psychological theory to show the 
importance of nature for human life. In the discussion of a theory of 
social-ecological transformation, warnings have been articulated: con-
ceptual shortcuts and visionary claims cannot supersede complicated 
theoretical and empirical analyses of societal dynamics and societal rela-
tions to nature (Brand  2015 : 12). Th e broader the synthesis becomes 
across the boundaries of social and natural sciences, the more diffi  cult is 
the choice of knowledge and concepts. In a broad theoretical synthesis, 
as in the theory of nature–society interaction, the relevant forms of 
knowledge and theories need to be refl ected more carefully by working 
with several types of contrasting concepts, abstract concepts, connected 
concepts, and bridging concepts. Th e terms of society and nature should 
not be given up before research and theoretical analysis of the interac-
tion of society and nature in modern society provides suffi  cient argu-
ments for that. Ways to better interdisciplinary syntheses and concepts 
seem to analyse more systematically the complexity of societal systems 
and interactions of social and ecological systems, to synthesise more 
knowledge and theories, and to use currently ignored knowledge.   

   4.     Th e types and forms of theories that can be connected in a theory of society 
and nature need to be assessed.  Combination and integration of theories 
seems possible only under special presuppositions, for example, that 
they deal with complementary phenomena, or that more specifi c the-
ories can be integrated into more general ones. A theory of nature and 
society diff ers from conventional theories in social and environmental 
research that are limited through their disciplinary specialisation and 
as competing theories. Interdisciplinary approaches that support a 
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theory of society and nature develop in human, cultural, social, and 
political ecology. Th e phenomena of global social and environmental 
change require new knowledge syntheses in a science of complexity 
that can deal with internally complex system types in society and 
nature. Such a science develops slowly, in interdisciplinary approaches, 
with examples as climate research or political and social ecology. 
Epistemological and methodological problems of analysing and reduc-
ing complexity are insuffi  ciently discussed in environmental research. 
Th is research, justifi ed through the analysis of problems and search for 
potential solutions, seems to approach limits of dealing with situa-
tions of risk, uncertainty, lack of scientifi c knowledge, and with con-
tradicting diagnoses whether anthropogenic climate change exists or 
not. In the ecological discourses in science and politics, limits of 
knowledge are too quickly stated: they are often consequences of dis-
ciplinary specialisation, ignoring or selectively using knowledge from 
other disciplines but not showing the present limits of knowledge.   

   5.     An interdisciplinary theory of nature–society interaction requires integra-
tion of concepts and knowledge from diff erent theories.  Th eories available 
for that purpose diff er in forms and aspirations, levels of abstraction, 
generality, and explanation, as conceptual frameworks and as explana-
tory theories. Th e methods of theory construction and synthesis diff er 
between social and natural sciences (for ecology see Ford  2000 , for 
sociology: Ritsert  1988 ). Th e social-ecological theory of nature and 
society is an interdisciplinary theory connecting various social- scientifi c 
and ecological concepts and explanations. Th e expectation is that this 
theory helps to analyse and explain the global complexity of the inter-
action of society and nature in the phenomena of global environmen-
tal and social change. Th is theory is formulated so far only with three 
thematic components of societal relations with nature, societal metab-
olism, and colonisation of nature. In this book, further knowledge 
components to be used in this theory are described and discussed:

 –    Th e ontological components of worldviews and paradigms  
 –   Th e epistemological questions of knowledge generation, synthe-

sis, and application with the help of the theory  
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 –   Th e methods of theory construction, especially the diff erences 
between a holism ex ante, as in the case of systems theory, and a 
holism ex post, as in the kind of critical theories of society  

 –   Th e normative criteria guiding the construction of the theory 
and its application, including ethical criteria of a theory con-
necting humans, society, and nature      

   6.     Th e separation between two contrasting knowledge cultures of social and 
natural sciences weakens with the diff erentiation and specialisation of 
knowledge production in both spheres and the many epistemologies within 
them.  Th is brings further problems in working with universal concepts 
as society and nature, or abstract concepts as resources, production, 
and reproduction. Such concepts cannot easily be replaced in interdis-
ciplinary theory; however, they can be critically refl ected in search for 
an adequate theoretical terminology. Resource as overgeneralised 
notion for objects of consumption has been criticised for an anthropo-
centric perspective (Freese  1997 : 232). Th e argument of Freese is: the 
view that resources serve humans, are consumable, are separate and 
distinct from the consumers becomes doubtful, when the connections 
of humans to nature are taken into account. Humans cannot be sepa-
rated from nature insofar as they cannot survive without it. Th e soil, 
the air, the water, minerals, plants, and animals are not only resources 
which humans consume, but they are also parts of the ecosystems that 
need to be maintained to allow for the further existence of life and of 
all species. Th e concept of resources does not refl ect the complexity of 
the functions required for the existence of life and the survival of liv-
ing beings. Th is concept is, in spite of its diff erentiation and classifi ca-
tion of many kinds of resources, a reductionist concept. Freese does 
not fi nd another term, rather supporting a return to less abstract con-
cepts with his preliminary description of resource functions. For other 
concepts as production and reproduction, there may emerge other 
problems, for example, that of incompatibility between the biological, 
ecological, economic, and sociological versions to connect in a theory 
of nature–society interaction. In the social-ecological theory, the clari-
fi cation of theoretical concepts requires a systematic reconstruction of 
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the interactions between humans, society, and nature at diff erent lev-
els of interacting social and ecological systems.   

   7.     A general epistemology for interdisciplinary synthesis of knowledge is pres-
ently not available and it can be doubted that it is meaningful to aim for 
such an epistemology.  Th e epistemological discourses in philosophy and 
theory of science during the twentieth century resulted in many and 
competing approaches, but do not help much in the interdisciplinary 
synthesis of social- and natural-scientifi c knowledge, not even at lower 
levels of theoretical knowledge synthesis. Arnason’s ( 2003 : 64f ) search 
for an explanatory model in social-scientifi c research ended in the rec-
ognition of diff erences. Whereas the deductive-nomological model of 
explanation for the natural sciences remains doubtful, functional analy-
ses are seen as a step forward to interdisciplinary theorising, although 
functionalist explanations remain unclear in their relations to causal 
explanations and to social interpretations. Further ideas of explanation 
remain methodologically underdeveloped as well. Contextual explana-
tions, useful because of the refl exive nature of knowledge production in 
interactions between social sciences and social practice, limit the pos-
sibilities of generalisation and explanation. Th e fi gurational model of 
explanation by Elias has long-term societal processes of change in focus, 
but its historical orientation shows also that the dynamics of explana-
tion are too complex and dependent from heterogeneous cases to allow 
for law-like generalisations. Arnason’s alternative to idealised rational, 
causal, or systemic constructions of explanation is to accept the inter-
play of strategies, constraints, non- intended consequences, and adap-
tive changes as an explanatory mechanism of higher order. Yet, this 
kind of explanation of higher order seems preliminary and limited to 
social-scientifi c knowledge. Th e older diff erentiation between interpre-
tation and explanation has become more complex, but still explanatory 
models in the social sciences diff er from the traditional model in the 
natural sciences. Much less epistemological debate in the social and 
natural sciences touches the problems of connecting knowledge from 
diff erent spheres, and models for interdisciplinary theories and expla-
nations are rare. In the future, it seems necessary to work with combi-
nations of several explanatory approaches in knowledge syntheses.     
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 Th e above-mentioned seven points describing epistemological and 
methodological diffi  culties in interdisciplinary theory and knowledge syn-
thesis are important for the theory discussed in this book. Further ques-
tions in the construction of this theory refer to problems in the analysis 
and transfer of knowledge from science to political and managerial prac-
tices. Th ese questions are part of the detailed discussion in the chapters 
of this book, including that of solving environmental problems through 
transitions to sustainability. Forms of maladaptive social organisation that 
undermine the conditions for long-term development and sustainabil-
ity of interactions of society and nature are known from environmental 
research. However, it is diffi  cult to fi nd consensus on strategies of soci-
etal transformation to sustainability. Th ese strategies require to deal with a 
variety of contradicting processes: satisfaction of human needs for present 
and future generations, material and cultural reproduction of society and 
economy, maintenance of the natural resource base and life-supporting 
ecosystem functions, social integration of societies and combatting social 
exclusion and poverty, inequality and discrimination, and strengthening of 
human and citizenship rights in the perspective of ecological citizenship. 
It seems impossible to clarify such contrasts and contradictions without 
theoretical analysis and refl ection. Maladaptive change of modern society 
and risks of “overshoot and collapse” have many reasons and causes, such 
as dysfunctional political and economic structures and processes as well as 
dysfunctional scientifi c knowledge production for environmental policy 
and resource management, for social- ecological regulation and institu-
tional change. Interdisciplinary research, knowledge synthesis, transfer, 
and cooperation of scientists and practitioners are underused knowledge 
practices in environmental policy and natural resource management. 
Although interdisciplinary cooperation and knowledge synthesis is not a 
panacea, it supports the search for solutions to global environmental prob-
lems and shows reasons and causes for the malfunctioning of regulations 
and institutions that block societal transition to sustainability. 

 In the process of strengthening interdisciplinary production, trans-
fer, sharing, and application of knowledge for regulating the interface 
of society and nature, arise problems of justifi cation and legitimation 
of the knowledge practices. Should one rely on research more than on 
political and public debates about solutions? How far are other forms 
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than scientifi c knowledge and research required? How is the cooperation 
of scientists, political actors, and decision-making to be organised? How 
can participatory research and transdisciplinary knowledge production 
be organised? Who has legitimate roles in the scientifi c and political pro-
cesses when they are connected? How can powerful actors and interests 
and power asymmetries be dealt with in public policies? Such questions 
regarding knowledge production and application require continuous dis-
cussion when complex environmental problems and global change are 
addressed. Th e following diffi  culties are included:

 –     Diffi  culties of adaptive governance:  consequences of climate change 
that are sometimes seen as causes of future confl icts, wars, and civil 
wars (Welzer  2008 ; Dyer 2008) and how to deal with them in 
multi-scale adaptation strategies.  

 –    Diffi  culties of transforming the societal metabolism of combined use of 
material and energy resources:  including transformation of the indus-
trial energy systems based on limited fossil energy sources (Hall and 
Klitgaard  2012 ).  

 –    Diffi  culties of international policies and global governance:  major pol-
lution sources shifted, since the turn of the millennium, from the 
older industrial countries to the newly developing and industrialis-
ing countries, with consequences as environmental distribution 
confl icts (Martinez-Alier 1995).  

 –    Diffi  culties of transition to sustainability at local, national and global 
scale:  long-term transformation of societal systems is discussed since 
the Brundtland report from 1987, but in the international policy 
processes strategies of transformation remain controversial.  

 –    Diffi  culties to reduce exponential growth of the globalised market econ-
omy:  in the past decades, there has been a discussion of natural lim-
its to growth (Meadows and Meadows), social limits to growth 
(Hirsch), zero-growth in ecological economics (Daly  1997 ), and 
self-destruction of the growth society (Zinn  1980 ); however, a 
broader scientifi c and public debate about degrowth has developed 
only since the last decade.  

 –    Diffi  culties to identify and form new social subjects for socio-ecological 
transformation of society:  these include the crisis of new social move-
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ments, their lacking knowledge and capacities to initiate societal 
transformation, and the limits of cooperation between actors with 
diff erent interests.    

 Th ese diffi  culties, addressed in the chapters of the book in the perspec-
tive of theoretical knowledge synthesis, require an opening of the social 
and natural sciences towards inter- and transdisciplinary environmental 
research (‘new knowledge production’: Gibbons et  al.  1994 ; Nowotny 
et al.  2001 ) and methodological improvements of such approaches. Th e 
development of a social-ecological theory is part of the broader processes 
of inter- and transdisciplinary knowledge generation. Th e formulation of 
this theory is carried out in the sequence of chapters as follows: 

 Chapters   2     and   3     outline a suggestion of an interdisciplinary theory 
of interaction between society and nature starting from diff erent knowl-
edge sources in social and ecological research, supplementing the compo-
nents of social-ecological theory developed by the German and Austrian 
authors of social ecology, that of societal relations of nature, societal 
metabolism, and colonisation of nature (see Bruckmeier  2013 ). Chapter 
  2     describes social-scientifi c concepts and components from the discourse 
of theory of society in sociology. Chapter   3     gives a parallel description of 
ecological components of the theory and follows with the question how 
does one connect vulnerability, resilience, and sustainability analyses with 
each other in social-ecological research? 

 In Chaps.   4     and   5    , complementary operational concepts are described 
and critically discussed to connect the social-ecological theory of society 
and nature with empirical research and to integrate further knowledge 
from present environmental research in the theory. Problems of match-
ing empirical research and theoretical refl ection in the analysis of coupled 
social-ecological systems include (in Chap.   4    ) a critical analysis of the 
discourse of sustainability and sustainable development. It is asked as to 
how the debate can be transferred into one about the transformation of 
global society and economy. Chapter   5     discusses two operational con-
cepts that social ecology inherits from the ecological discourse: the fram-
ing concept of social-ecological systems, and the operational concept of 
 ecological and socio-cultural ecosystem services. Both concepts require 
further epistemological and methodological elaboration for their use in 
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a theory of nature–society interaction. Th e heuristic notion of social-
ecological systems is unclear with regard to its theoretical assumptions 
and implications about the constitution and interaction of social and 
ecological systems. Th e concept of ecosystem services is unclear and con-
troversial with regard to its assumptions about the functions and capaci-
ties of ecosystems and social systems. Although the concepts emerged 
separately, the fi rst in scientifi c, the second in policy related discourses, 
they are interconnecting through their complementary use in a broader 
theory of nature and society. 

 Chapter   6     discusses problems of knowledge transfer from science to 
the practices of natural resource management and environmental policy, 
using the debate about adaptive management and environmental gov-
ernance as paradigmatic cases. In social-ecological knowledge practices, 
the processes of research and policy interact and need to be refl ected 
in their interconnections. Specifi c forms of knowledge integration, con-
nected to the theory nature and society, have been discussed mainly in 
the discourse of critical theory, and less in the ecological discourse. From 
critical theory, the social-ecological discourse inherits the question, how 
does one connect theoretical knowledge and societal practice to initiate 
transformations of societal systems? 

 In Chaps.   7     and   8    , two important themes of environmental research 
for the purpose of system transformation are discussed in an exemplary 
way. Chapter   7     follows the research on the problems of climate change 
adaptation in coastal areas in the contexts of resilience and sustainability. 
Chapter   8     takes up the discussion of energy problems and the transfor-
mation of industrial energy regimes by way of using renewable energy 
sources. Th e basic ideas of developing sustainable energy systems through 
the use of renewable energy sources are clear: energy cannot be reused—
it is lost through the dissipation from higher to lower quality accord-
ing to thermodynamic physics. Fossil energy resources are limited and 
cause environmental pollution and climate change. To develop energy 
systems with renewable sources of energy is a way to deal with the prob-
lems by transforming industrial energy systems. In practice, the devel-
opment and use of renewable energy sources have shown that energy 
conversion  technologies are of a complicated nature, and that renewable 
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energy sources can create unwanted environmental problems and socially 
unwanted consequences of land use. 

 Following this thematic outline, the book provides a new look into 
several approaches and theories in sociology and ecology. A variety of 
theoretical concepts and approaches are used to build an interdisciplin-
ary theory of nature–society interaction that is connected with empiri-
cal research. However, not all knowledge from the disciplines studying 
nature and society can be synthesised. Th erefore, this synthetic theory 
uses an open model of theory construction; the theory can be connected 
for specifi c purposes with further knowledge and theories; and the knowl-
edge integrated can be modifi ed and recombined when the construction 
of the theory and the synthesis advance. Th e methodology of compar-
ing, broadening, and combining concepts, frameworks and theories is 
refl ected with regard to the limits of the emerging theory. Empirical 
research is used to illustrate the requirements of interdisciplinary bound-
ary crossing and theoretical refl ection, working towards knowledge syn-
thesis at several levels of research, of concept formulation, and theory 
development.    

   References 

    Arnason, J. P. (2003).  Civilizations in dispute: Historical questions and theoretical 
traditions . Leiden: Brill.  

   Blok, A. (2010). Divided socio-natures: Essays on the co-construction of sci-
ence, society, and the global environment. PhD thesis, Department of 
Sociology, University of Copenhagen.  

   Brand, U. (2015, June 10–12).  How to get out of the multiple crisis? Contours of a 
critical theory of social-ecological transformation . Paper presented at the confer-
ence Th e Th eory of Regulation in Times of Crises, Paris. Accessed November 
10, 2015, from   https://www.eiseverywhere.com/retrieveupload.php?      

    Bruckmeier, K. (2013).  Natural resource use and global change: New interdisci-
plinary perspectives in social ecology . Houndmills, Basingstoke: Palgrave 
Macmillan.  

    Daly, H.  E. (1997).  Beyond growth: Th e economics of sustainable development . 
Boston: Beacon Press.  

12  Social-Ecological Transformation

https://www.eiseverywhere.com/retrieveupload.php?


    Diamond, J. (2005).  Collapse: How societies choose to fail or survive . London: 
Penguin Books.  

  Dyer, G. (2008) Climate Wars . Random House Canada.  
    Ford, E.  D. (2000).  Scientifi c method for ecological research . Cambridge: 

Cambridge University Press.  
   Freese, L. (1997). Environmental connections.  Advances in Human Ecology , 

Supplement 1, Part B.  
    Gibbons, M., Limoges, C., Nowotny, H., Schwatzman, S., Scott, P., & Trow, 

M. (1994).  Th e new production of knowledge. Th e dynamics of science and 
research in contemporary societies . London: SAGE.  

    Hall, C.  A. S., & Klitgaard, K.  A. (2012).  Energy and the wealth of nations: 
Understanding the biophysical economy . New York: Springer.  

    Kahn, P. (2011).  Technological nature: Adaptation and the future of human life . 
Cambridge, MA: MIT Press.  

  Martinez-Alier, J. (1995) `Political Ecology, Distributional Confl icts and 
Economic Incommensurability´, New Left Review , 211: 70-88.  

    Nowotny, H., Scott, P., & Gibbons, M. (2001).  Re-thinking science: Knowledge 
and the public in an age of uncertainty . Cambridge: Polity Press.  

    Ritsert, J. (1988).  Gesellschaft: Einführung in den Grundbegriff  der Soziologie . 
Frankfurt am Main: Campus.  

   Weisz, H. (2001). Gesellschaft-Natur Koevolution: Bedingungen der 
Möglichkeit nachhaltiger Entwicklung. Kulturwissenschaftliches Seminar 
(Dissertation), Humboldt Universität, Berlin.  

    Welzer, H. (2008).  Klimakriege: Wofür im 21. Jahrhundert getötet wird . Frankfurt 
am Main: Fischer.  

    White, D. F., & Wilbert, C. (Eds.). (2010).  Technonatures: Environments, tech-
nologies, spaces and places in the twenty-fi rst century . Waterloo, ON: Wilfried 
Laurier University Press.  

    Zinn, G. (1980).  Die Selbstzerstörung der Wachstumsgesellschaft . Reinbek: 
Rowohlt.    

1 Introduction: Developing Social-Ecological Concepts 13



15© Th e Editor(s) (if applicable) and Th e Author(s) 2016
K. Bruckmeier, Social-Ecological Transformation, 
DOI 10.1057/978-1-137-43828-7_2

    2   
 Interaction of Society and Nature 

in Sociology                     

      Th is chapter discusses sociological theories of society. Th e following 
chapter covers ecological theories. Both chapters use the same guiding 
questions in seeking constituents of an interdisciplinary theory of inter-
action of society and nature:

 –    How far is the theoretical analysis of  interaction, reproduction, and 
change of social and ecological systems  developed in the theoretical 
discourses of sociology and ecology?  

 –   How far is the integration of knowledge from social-scientifi c and 
natural-scientifi c knowledge advanced in these disciplinary dis-
courses towards an  interdisciplinary, social-ecological theory of nature 
and society ?    

 Th e forms and the limits of sociological analyses of nature and soci-
ety are discussed in the following section. Th en follow refl ections about 
possibilities to dissolve the limits and a description of interdisciplinary 
theories that deliver further knowledge for a social-ecological theory of 
nature and society. Four infl uential theories of society are reviewed in 
their analysis of nature and society in the Appendix. 



    Sociological Theories and Their Refl ection 
of Society–Nature Interaction 

 In the sociological discourse on modern society, a series of theories were 
developed that compete with regard to the explanation of modern soci-
ety (Ritsert  1988 ,  2009 ; Jain  2006 ; Delanty  2006 ; Bruckmeier  2015a , 
 2015b ). Th e following theories of society provide knowledge for the anal-
ysis of relations between nature and society:

    1.     Classical theories  of society by Marx, Durkheim, and Weber still infl u-
ence the theoretical debates today, although that infl uence has less-
ened. Th ey gave theoretical analyses of the capitalist mode of 
production and the socio-culturally shaped human and societal rela-
tions with nature.   

   2.     Grand theories , including the system theories of Parsons and Luhmann 
as variants of conventional sociological theories of modernity and the 
theory of communicative action of Habermas and world system the-
ory of Wallerstein as variants of critical theory of modern capitalism, 
show how refl ections on nature and society changed in sociological 
theory during the twentieth century.   

   3.     Th eories of social transformation  indicate a rupture with the “grand the-
ory” tradition towards the end of the twentieth century. Th ese transfor-
mation theories include theories of the post-industrial society (Bell), risk 
society (Beck), refl exive modernisation (Giddens), post- modern society 
(Bauman), ecological modernisation and sociology of environmental 
fl ows (Mol, Spaargaren), actor-network theory (Callon, Latour, Law), 
and network society (Castells) in which relations between nature and 
society are refl ected with regard to specifi c environmental problems.    

  Th e three groups include theories of society in their historical sequence. 
Th ese theories are explicitly formulated as theories of society. More social-
scientifi c theories work with implicit assumptions and ideas about the 
constitution of modern society, however, hardly in systematically elabo-
rated forms. In the discourse on modern society, it is neither consensus 
about the importance of societal theory, nor about the development of 
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modern society. Th e analysis of relations between nature and society is a 
marginal theme in most sociological theories. In the discourse of critical 
theory, referring to all theories that connect in one way or the other to 
the theory of Marx, the theorising of nature was stronger (Biro  2011 ). 
In the recent sociological discourse, the infl uence of critical theories 
weakened and the boundaries between critical and traditional theories 
became unclear. Yet, eff orts can be observed to renew critical theory, a 
term adopted also by Beck in the debate of cosmopolitanism, and in 
attempts to reformulate Luhmann’s systems theory as a critical theory of 
modern capitalism, focusing on the changing normative orders in society 
(Amstutz and Fischer-Lescano  2013 ). 

  Outside the analysis of modern society  as a system there developed in 
sociology specialised analyses of nature and society in human ecology. 
In the 1920s and 1930s, human ecology had a strong infl uence on the 
development of sociology in the USA, namely in the Chicago school of 
sociology (Park, Burgess, McKenzie), which brought the perspective and 
the terminology of the newly emerging ecology in the analyses of urban 
development. Th is interdisciplinary approach was later outcompeted by 
the new sociological approaches of symbolic interactionism and theories 
of social action and systems. Human ecology survived as a heterodox and 
marginal approach. It was renewed in many countries during the 1970s, 
with the broadening of environmental research in the social and natural 
sciences, in the newly emerging environmental sociology, or as a separate 
interdisciplinary discourse. Human ecology has, in contrast to the new 
social ecology discussed in this book, not advanced to a systematic theory 
of interaction between nature and society. Th e syntheses towards the end 
of the twentieth century (Freese  1997 ) structured a mass of empirical 
knowledge about the biological evolution of humans and environmental 
problems in human history. Th is knowledge was too broad to be repro-
duced in a coherent theory of nature–society interaction. A synthesis of 
knowledge in human ecology as it adopted the classical critique of politi-
cal economic from Marxist theory (Schnaiberg  1980 ) was exceptional. 
In environmental sociology, the actor-network theory gained some infl u-
ence (Law and Hassard  1999 ; Latour  1999 ; Blok  2010a ,  b ; see also Chap. 
  7    ). Th is theory did not synthesise knowledge about modern society in a 
theory of society and nature, but remained part of specialised research; 
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with the term “actants”, similar capacities were attributed to ecosystems 
as described in sociology as action. 

    Sociological Theory of Society in the Twentieth 
Century 

 Sociological theory in the twentieth century was strongly infl uenced 
by diff erent forms of grand theory. Th e important examples are that of 
Parsons, Luhmann, and Habermas where each attempts a synthesis of 
prior theories. Grand theory comprises examples from traditional theory 
(sociological systems theory) and from critical theory (referring to Marx 
and political economy). In these theories, the analysis of nature–society 
interaction was a neglected theme as shown in the examples of Luhmann 
and Habermas (see the Appendix). Th e theories of social transformation 
developing towards the end of twentieth century analyse the relations 
between nature and society more in the form of empirical research on 
environmental problems, for example, in the theory of risk society by 
Beck (see the Appendix). 

  In the development of sociological theory, fi ve trends show the increasing 
diffi  culties of analysing nature–society interaction in modern sociology: 

    1.     Competing interpretations of modern society:  In sociology, there existed 
some theories infl uential at certain times, but never a generally 
accepted theory as in biology’s synthetic theory of evolution. Th e the-
oretical concepts and analyses of modern society diff er strongly in 
interpreting the development of this society and its relations to nature. 
In critical theory, the inequalities in modern society are seen as result-
ing from a global system, the capitalist economic world system that 
develops with diff erent cultural and political orders at national levels. 
For the large-scale socio-cultural systems of Western, East Asian, and 
Indian cultures, the term of civilisation (Arnason  2003 ) can be used to 
complement that of society. Th e sociological systems theories by 
Parsons and Luhmann as variants of traditional theory ended with the 
thin concept of world society by Luhmann (see the Appendix). For 
these theories the analysis of inequality, of the modes of production 
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and reproduction of economic systems, was less important than for 
critical theories. 

 Th eoretical concepts for the many facets of modern society include 
that of Western society, industrial society, bourgeois society, capitalist 
mode of production, modern world system, world society, civil soci-
ety, and the more recent terms of post-industrial and post-modern 
society, risk society, refl exive modernisation, knowledge or informa-
tion society, and network society. Th ese terms highlight diff erent 
social, cultural, economic, and political facets rather than providing 
alternative theoretical conceptions of modern society. Th e terms 
become relevant at certain stages of elaborating a theory of society and 
its relations with nature. Whether modern society is one global system 
(capitalist mode of production, world system, world society) or a plu-
rality of culturally, socially, or politically diff erent orders and national 
societies, is still disputed today. Th e controversy dissolves with the 
description and explanation of the multi-scale organisation of a global 
societal system with diff erent cultural and political orders. Th is mod-
ern capitalist world system was built as a global system during the long 
processes of colonisation and globalisation, with varying political 
orders and the building of modern nation states and national societies 
continuing until today.   

   2.     Dissolution of the contrasts between traditional and critical theory of soci-
ety:  Critical theory has throughout its history kept the theme of soci-
etal relations with nature. With the reinterpretation of critical theory 
in recent theoretical debates the contours and diff erences between 
theories of modern society dissolve. In the earlier discourse of critical 
theory of the Frankfurt School, “societal relations with nature” was a 
formula inherited from the early theory of Marx to analyse and refl ect 
the relations between nature and society in philosophical and episte-
mological terms of historical materialism. Th is remained a specifi city 
of the Frankfurt School. Th e political-economic analysis of modern 
capitalism by Marx remained the infl uential systems analysis of mod-
ern capitalist society in critical theory. With the late theory of com-
municative action by Habermas and Honneth’s theory of recognition, 
the political-economic systems analysis was given up. In the recent 
development of critical theory, the discussion of Arnason ( 1976 : 7) 
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concerning how nature could be integrated into the discourse of criti-
cal theory of society was ignored. Arnason describes a cognitive pro-
gramme in three steps: an anthropological analysis of man–nature 
relations, a theory of society, and the justice-related normative refl ec-
tions of social emancipation from relations of domination. Th is pro-
gramme follows to a large degree the intentions from older critical 
theory, but was subsequently given up by Arnason ( 2003 ) in his civili-
sational analysis. In other variants of critical theory, Bourdieu’s theory 
of practice, Touraine’s theory of social movements, and the power- 
centred theoretical refl ections of Foucault, nature remained a neglected 
theme. Also the refl ections of the post-socialist condition by Fraser 
( 1997 ) do not comprise nature among the three main points: the lack 
of an alternative vision to the neoliberal order, a weakening of social 
politics and its decoupling from cultural politics, and a decentering of 
equality claims with rising material inequalities in a marketised 
society. 

 Critical theory dissolves in its late forms in a series of theories that 
develop through varying forms of combining elements from critical 
and traditional theory. Th is is done in the theory of risk society by 
Beck, the theory of refl exive modernisation by Giddens, and the recent 
critical systems theory (Amstutz and Fischer-Lescano  2013 ). With 
these modifi cations, the discourse of critical theory lost direction and 
the compass of a guiding idea for the critique of modern society. 
Although motives of critical analyses of modern society and its sys-
temic confl icts are valid for all of these theories, they do not evolve 
towards new forms of systems analysis of modern society and its inter-
action with nature. In other critical discourses nature is a main theme 
in ecofeminism (Merchant  1980 ; Mellor  1997 ; Warren  1997 ), not in 
feminism generally (Wallace  1989 ), and not in theories of post- 
colonialism (Gandhi  1998 ), theories of inequality in capitalist societ-
ies (Rehbein and Souza  2014 ), or theories of new normative orders 
(Forst and Günther  2011 ).   

   3.     Th e decline of grand theory in sociology:  With the theories of Luhmann 
and Habermas ended the discourse of grand theory in sociology. Th is 
end of grand theory coincided with critical debates about the  possibility 
of universal theories and about the necessity of a theory of society in 
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sociology. Much of the critique of grand theory was formulated with 
epistemological arguments, as in the discourses of post- structuralism 
and post-modernism that paved the way for the relativisation and 
fragmentation of theories. Th e post-modernist critique of sociological 
theory argues that grand theory followed doubtful self- descriptions of 
modern society in the grand narratives of modernity and Western cul-
ture. Th is modernity ended in the twentieth century in a series of wars 
and system collapses. Sociological theory of society is gradually 
replaced by a series of specialised and sub-disciplinary theories as the 
theories of social transformation mentioned above (the last section). 
Th e variants of sociological theory that developed simultaneously with 
post-modernism (Welsch  2003 ), but in contrast to that, are theories 
of post-industrial society, risk society, and refl exive modernisation. 
Th ese theories address the theme of nature and society with sociologi-
cal knowledge, in diff erent forms and perspectives, but do not aim at 
a critical and systematic theory of nature–society interaction (see the 
Appendix). 

 Th e lack of success in renewing the theory of modern society and 
the discourse of critical theory in debates since the 1990s (Miller and 
Soeff ner  1996 ) supported the trend to devalue society as core theme 
of sociology. Additionally, social class analyses are devalued in sociol-
ogy (Clark  1991 ), which is visible in the theory of communicative 
action of Habermas and other sociological theories. Urry ( 2000 ) sug-
gested giving up the concept of society as core concept in sociology, 
whereas Jain (2002,  2006 ) criticised this suggestion. Th e restructuring 
of the discourse can be interpreted in diff erent ways: 

 –     As reducing theoretical aspirations in reaction to the complexity of 
societal relations that cannot be suffi  ciently explained with knowl-
edge from sociological research  

 –   As assuming that older theories failed or are no longer adequate for 
present development of modern society  

 –   As an implicit or explicit critique of ideology of the narratives of 
modernisation that failed    

 New sociological theories tend towards “theories with descriptive 
terms” as information society or network society. Beetz ( 2010 ) gives 
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an example of a new theory of society with simplifi ed analyses of social 
organisation and public life. Th is theory illustrates the new forms of 
sociological theory without systematic analysis of historically specifi c 
societal systems, modes of production and reproduction, and multi-
ple cultural modernities. In theories of modern economy (e.g. in eco-
nomic sociology), the analysis of society is reduced to partial theories 
of socio-economic change (Beckert  2009 ; Stehr  2007 ). Castells (2000: 
10), in the theory of the network society, does not give much theoreti-
cal explanation of systemic properties of the new globally networked 
economy created through globalisation.   

   4.     Loss of criteria for a theory of modern society:  In the development of the 
sociological discourse, theoretically complex concepts and precise cri-
teria for the analysis of modern society dissolve, reducing the refl ec-
tion of societal relations to nature in specialised research fi elds and in 
environmental sociology. Th e guiding interest to explain the system of 
modern society and its mode of production and reproduction was 
replaced by simpler analyses describing society in terms of diff erentia-
tion and integration, social and system integration, and system and 
lifeworld in sociological theories under the infl uence of systems the-
ory. Sociological systems theory worked with concepts transferred 
from the natural sciences, especially from general systems theory in 
biology. Th e general theory of action by Parsons, aiming at reintegra-
tion of disciplines, did not develop beyond the integration of social- 
scientifi c knowledge (Loubser et al.  1976 ). Luhmann’s theory exhibits 
the rupture with the sociological tradition in his concept transfer from 
biology and ecology. He adopted the biological theory of autopoietic 
systems of Maturana and Varela, the terminology of biological theory 
of evolution as variation and selection, and the term reproduction in 
its biological sense for species or living systems. With this biological 
terminology, the synthesis is limited to concept transfer, thus creating 
another language for the theory of modern society. Th e use of biologi-
cal concepts as that of autopoietic or living systems continues in meta-
phoric and analogical thinking.   

   5.     New social-scientifi c research on global social change:  Th is research 
includes various thematic fi elds that develop through specialisation by 
going away from general theories of modern society. From none of the 
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research areas mentioned below developed so far attempts to a broader 
analysis or synthetic theory of nature and society. Th e main diffi  culties 
in the elaboration of encompassing theories are the methodological 
problems of interdisciplinary knowledge synthesis and the complexity 
of social relations and problems. Th e following aspects of this special-
ised research may infl uence the interaction between society and nature, 
but are not yet brought together in integrated theoretical analyses:

 –    Globalisation or global social-economic change resulting in the net-
working of national societies and economies supporting growth and 
intensifi cation of natural resource use  

 –   Technical change with new technologies as the Internet-based 
development of modern society as information society and new 
technologies directly transforming nature (genetic modifi cation of 
living nature, geo-engineering)  

 –   Political change, internationalisation of states, and global gover-
nance resulting in a new world order with the emergence of global 
environmental policies and governance  

 –   Cultural change, especially from research on non-Western societies 
and post-colonial development, showing the varying infl uence of 
modernisation on the countries and cultures of the Global North 
and South, where the appropriation of nature and use of natural 
resources do not appear only in manifold cultural views, but in 
social inequalities of access to resources  

 –   Scientifi c change as refl ected in the discourses of inter- and transdis-
ciplinarity that is seen by proponents of that discourse as “updat-
ing” the sociological theory of modernity (Nowotny); nature is not 
theorised, but interdisciplinary perspectives develop that can lead to 
new analyses of nature–society interaction  

 –   Global environmental change that aff ects societal development in 
manifold ways, especially through climate change and land-use 
change    

 Th e reasons for refraining from attempts to formulate new system-
atic theories of society are manifold, but not always refl ected in this 
research. Th e critique of universal and grand theories, of their 
 eurocentrism and neglect of societal development in the Global South, 
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is among these reasons. Furthermore, epistemological refl ections tend 
to see the complexity of global systems and global change processes as 
making coherent theories, causal explanations, and systematic analy-
ses impossible.    

   Th e fi ve trends to describe the development of sociological theory of society 
indicate some of the diffi  culties in approaching the analysis of nature–society 
interaction . In sociological theorising nature appeared as “the opposite of 
society”, excluded from the theory of modern society. Also in the newer 
theories of post-modernism, if they argue sociologically (Bauman  1992 ), 
the interaction of society and nature is not the main theme; these theories 
refl ect phenomena of a changing modernity, in some aspects similar to the 
theories of Giddens and Beck. Th eories relevant for nature–society interac-
tion include the cultural-anthropological theory of Diamond or cultural- 
ecological theories (Steward, Harris, Vayda, Rapoport), but these focus 
on historical, local, and non-Western societies. Th e defi cits of sociological 
theories in theorising nature are inverse to these anthropological and eco-
logical theories. Anthropological analyses of the interaction of humans 
with nature in the twentieth century included, furthermore, the German 
tradition of philosophical anthropology (Scheler, Gehlen, Plessner) and 
the French tradition of critical anthropology (Morin, Moscovici; see fur-
ther: Bruckmeier  2013 ). Th ese theories did not reconstruct the transfor-
mation of human interaction with nature in the modern economic world 
system; they followed the tradition in cultural anthropology to explain 
societies through their cultural specifi cities. Th e explanations are speci-
fi ed for local societies and cultures or for large systems in terms of civilisa-
tions, but not for modern capitalist society as a global system. 

  Interdisciplinary analyses of socio-spatial and socio-temporal relations in 
modern societies do not advance to the integration of social-scientifi c and 
ecological knowledge.  Such analyses exist in fragmented forms, unfold-
ing in analyses of domestication of space and time in modern capital-
ism and the mobility of people and resources. Th e fi rst process relates to 
the human appropriation and transformation of nature and space and 
is analysed, for example, in the critical sociological theory of everyday 
life by Lefèbvre ( 1991 ) and in sociological analyses of space (Löw  2001 ) 
and time (Bergmann  1992 ). Th e processes of social structuring of time 
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refer to various forms of social interpretation of time, for example, the 
long historical process of societal development (Giddens: “ longue durée ”) 
and the economic rationalisation of time in capitalist industrial produc-
tion, which forms, according to Marx, the innermost secret of capital-
ist economy. Domestication of time and space in society associates with 
the political-economic analyses of the processes of work and production, 
which include the “work of nature”, that is, energy (Luhmann  1999 : 
22) and the “work of society”, that is, socially structured human labour. 
Both forms of work are connected in economic production processes 
where nature is transformed and appropriated by humans. Th e political- 
economic analysis of human labour in the transformation of nature is 
neglected in most newer theories in sociology, economics, and anthropol-
ogy. Th is neglect is not always based on explicit theoretical arguments as 
in the critical theory of Marcuse who sees human labour as successively 
replaced by knowledge and technology that do the work of humans.  

    Limits of Sociological Analyses of Society–Nature 
Interaction 

 Th e analysis of the development of the sociological discourse above 
resulted in the diagnosis that the analysis of the systemic nature of mod-
ern society as capitalist world system which structures societal relations 
with nature is vanishing in sociological theories. Th e following four 
points describe possibilities to dissolve the defi cits of sociological theories 
that impede the further elaboration of a theory of nature and society.

    1.     After the decay of grand theory in the sociological discourse, the theory of 
modern society fell apart in specifi c theories.  Th ese take up parts of the 
older theories in critical refl ection of modernisation, but do not longer 
develop a new encompassing concept of modern society. With that 
the theoretical analysis of societal relations with nature dissolves in 
specialised research. Newer theories, including the third group of the-
ories described at the beginning as theories of social transformation, 
are formulated for the recent processes of change in late modernity, 
updating earlier theories. In this pluralisation of sociological theories, 
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nature became a theme of specialised theories of risk society, refl exive 
modernisation, ecological modernisation, or actor-network theory. 
None of these theories is interdisciplinary in the sense of integrating 
natural-scientifi c knowledge in the theory; they refer selectively or for 
purposes of illustration to empirical knowledge from non-sociological 
and environmental research. 

 Th e analysis of capitalism in political economy where societal inter-
action with nature was part of the analysis of the modes of production 
lost signifi cance. In the recent discourse of critical theory, the focus is 
on analysis and critique of normative orders and recognition processes 
(Honneth), showing a cultural turn in critical theory. Analyses of 
modern capitalism that maintain a memory of political-economic sys-
tems analysis are the examples of Wolfs’ ( 1982 ) anthropological theory 
and Wallerstein’s ( 2000 ) world system theory. World system theory 
developed from Marxist sources as a historically specifi ed theory of 
modern capitalism as economic world system that is based on the sep-
aration between core and periphery countries. Th is separation shows 
diff erent forms of the inclusion of countries and economies in the 
capitalist economy, as poor, extractive economies in mainly agricul-
tural societies, or as rich, productive, and processing economies in 
industrial countries. Th e changing constellation of countries and 
national economies in the core or periphery of the world system in 
diff erent phases of modernity is analysed in this theory, as well as the 
global inequality in the North–South division of the global capitalism. 
Wolf ( 1982 ) connected and discussed the macroscopic analysis of the 
economic world system with the microscopic analyses of local and cul-
tural orders in cultural-anthropological research. He showed that 
modern capitalism developed throughout its history with the continu-
ous economic (not cultural) inclusion and integration of other modes 
of production, societies, cultures, and civilisations. Cultural orders 
become in the capitalist process of modernisation and globalisation a 
secondary codifi cation of societies and their economic structures that 
are continually integrated in the global order of modern capitalism in 
its historical change, without dissolving the normative orders in a uni-
fi ed global culture. World system theory interpreted in this sense seems 

26  Social-Ecological Transformation



to bridge the gap between sociological theories of modern society and 
cultural anthropological theories (Moscovici, Morin); thus it comes 
also closest to a social-scientifi c theory of nature–society interaction.   

   2.     For a theory of the interaction of society and nature, it remains necessary 
to analyse the production and reproduction of society and economy.  Th e 
analyses of the modes of production and reproduction reveal the 
system- specifi c forms of interaction between nature and society for 
the modern society. Both forms of analyses show 

 –     how society connects to nature through human labour and its tech-
nologies, and  

 –   how society is dependent from nature in the use of natural resources 
and the societal metabolism .     
 None of the newer sociological theories mentioned above system-

atically analyses the “systemic distortions” of reproduction through 
marketisation and commodifi cation of nature, which result in social, 
economic, and ecological reproduction crises. Such combined repro-
duction crises include a disturbance of 

 –      economic reproduction  of the global market economy where fi nancial 
assets, capital, and commodities are devalued in dimensions beyond 
the magnitude of the global economic crash in 1929;  

 –    symbolic reproduction  of society in the culturally shaped processes of 
education, socialisation, and social integration that came into crisis 
through privatisation, deregulation, and deconstruction of the 
institutions of the welfare state;  

 –    biological and ecological reproduction,  including demographic pro-
cesses ,  at various levels in the interacting social and ecological sys-
tems (risks through overuse of natural resources and manipulation 
of natural material cycles).    

 Th e economic and social crises include the global oil price crisis in 
1974, global fi nancial crisis in 1987, the continuous fi nancial crises of 
the developing countries and their subjection to austerity programmes, 
the economic collapse of socialist countries in Eastern Europe in 1990, 
and the global fi nancial crises since 2007. Th ese economic events show 
in varying degrees the features of combined crises of reproduction of 
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societal and ecological systems that are so far insuffi  ciently analysed in 
sociological, economic, and ecological theories.   

   3.     Th e neglect of the theme of society and nature in sociological theories is 
self-critically discussed in environmental sociology, without signifi cant 
advances towards theoretically refl ected analyses of nature–society interac-
tion and knowledge syntheses.  Environmental sociology fragmented the 
analysis of society–nature relations. Th e specialised research works 
with elements from human ecology, political economy, and new 
themes as environmental movements, environmental consciousness, 
and environmental politics, without searching for theoretical connec-
tions of these themes. Further social-scientifi c refl ection requires a 
controversial theme in ecological research: the construction of ecosys-
tem services, attempting to show the dependence of humans and soci-
ety from nature, without theoretically developing the idea through 
analyses of interaction between social and ecological systems. Other 
possibilities to overcome the disciplinary limits of sociological and 
ecology, broadening interdisciplinary knowledge integration, devel-
oped late. In the social-ecological discourse, an interdisciplinary the-
ory of society and nature is in progress where the diffi  culties of 
recombining theories and interdisciplinary knowledge synthesis 
become visible. Th e theory refl ects the interaction of modern society 
and nature beyond simple assumptions of the dependence of society 
and humans from nature or the coupling of social and ecological sys-
tems. Th e interdisciplinary subjects of human, social, cultural, and 
political ecology take up the theme of nature–society interaction in 
diff erent forms. Th ese subjects received new signifi cance only with the 
broader environmental discourse towards the end of the twentieth 
century, and still later with attempts to connect interdisciplinary 
research with a theory of modern society.   

   4.     Which knowledge from sociology, ecology, and other disciplines is necessary 
for the construction of a social-ecological theory of nature and society?  Th is 
question cannot be answered with the choice of a specifi c theory of 
society nor from a single disciplinary perspective. Not all theoretical 
knowledge from sociology and theory of society is necessary for social- 
ecological theory, nor is all knowledge from specialised research and 
from other disciplines. In the elaboration of this interdisciplinary 
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theory it needs to be determined, which knowledge can be used for the 
diff erent parts of the theory. In relation to the knowledge from special-
ised environmental research, an interdisciplinary theory of nature and 
society needs to be constructed with several levels of abstraction and 
forms of knowledge integration, thus keeping the core theory limited 
to the analysis of systemic reproduction and interaction between nature 
and society. Not all empirical knowledge about cultural variations of 
interactions between humans and nature needs to be integrated into 
such a theory. Th e sociological and economic knowledge relevant for 
the social-ecological theory includes analyses of capitalist modes of pro-
duction and reproduction and analyses of the modern world system: 

 –     Analyses of  capitalist modes of production and reproduction  can be 
specifi ed in diff erent capitalist accumulation regimes ,  in successive 
historical phases, for the present phase taking up the analyses of 
Fordist and post-Fordist accumulation regimes.  

 –   Analyses of  the modern world system  describe the historically long 
process of globalisation since the beginning of Western modernity, 
with changing constellations of countries and national economies 
in the core, semiperiphery, and periphery. Th ese positions show the 
global division of labour in the modern world system, with diff erent 
functions regarding natural resource use (extracting economies and 
industrial economies) and the historical changes in that societal 
division of labour.    

 Connected to the core of the social-ecological theory, but not part 
of it, are the specifi cs of empirical, cultural, and historical studies of 
interactions between humans and nature: 

 –     Analyses of  culturally structured societal orders  (multiple cultural 
modernities, civilisational analysis, including views and construc-
tions of the world and nature) show the interaction of nature and 
society beyond economic structuring in secondary forms of social 
structuring of natural resource use as cultural diff erentiation of the 
unifi ed global economic system.  

 –    Th eories of late modernity  (risk society, refl exive modernisation, eco-
logical modernisation, post-industrial and post-modern societies) 
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are  complementary to the social-ecological theory in the sense that 
they describe various aspects of societal change in the history of 
modern society. In addition, the spatial and temporal structuring of 
societal processes are of secondary importance to the theory as they 
do not show the systemic constituents of connected societal and 
ecological systems.        

 To some degree the limitations of sociological theories described in 
the four points above can be seen as consequences of the disciplinary 
specialisation of sociology. With this specialisation appear new cognitive 
problems

 –    the diffi  culties in the theoretical analysis of societal systems and 
their interaction with ecological systems;  

 –   the lacking epistemological and methodological refl ection of inter-
disciplinary knowledge synthesis.    

  Beyond the use of theoretical knowledge from sociological theories,  the 
further development of the social-ecological theory requires an interdis-
ciplinary broadening of the analyses of modes of production and repro-
duction to include the ecological components (societal metabolism, 
social-ecological regimes) and theoretical typologies of coupled social and 
ecological systems. Th is starts with the following analysis of  interdisciplin-
ary theories of society–nature interaction emerging from the social sciences .   

    Interdisciplinary Broadening: Social-Scientifi c 
Analyses of Society and Nature 

 Since the 1970s environmental research has grown rapidly in many coun-
tries. Among the interconnecting reasons are

 –    the growing public awareness of environmental disruption in mod-
ern industrial society and resource use crises connected to these;  

 –   the strengthening of environmental policies, nationally and 
internationally;  

 –   the emergence of new social and environmental movements that 
made environmental problems to their themes;  
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 –   the emergence of environmental sociology in the 1970s;  
 –   the renewal of the earlier interdisciplinary human-ecological dis-

course on the interaction of man, society, and nature.    

 With the rapidly developing environmental research, a theory of the 
relations between modern society and nature and the changes of these 
relations advances albeit slowly. Th is theory requires interdisciplinary 
knowledge syntheses, social- and natural-scientifi c knowledge. Without 
such knowledge it is impossible to discuss competing hypotheses whether 
modern society is controlling nature, detaching from it, fusing with it, or 
still dependent and embedded in nature. 

 In interdisciplinary analyses of society and nature, Moscovici ( 1982 ) 
played a pioneering role. For Moscovici theoretical refl ection of nature–
society interaction needs to be historically specifi c. His approach refl ects 
the connections between nature and society with new interdisciplinary 
knowledge synthesis. Th is attempt remained eclectic: not always based 
on in-depth analysis, and not clarifying the epistemological and meth-
odological problems of interdisciplinary syntheses including social- and 
natural-scientifi c knowledge. Moscovici gave up the critical term of capi-
talism for the less theoretically elaborate of industrial society. Th is seems 
to disconnect his analysis from the discourse of critical theory of society, 
but it helped to focus social-ecological analysis on industrial components 
of the mode of production, environmental consequences, and the social 
and physical limits of resource use. Moscovici’s view that with regard to 
nature a society is neither capitalist nor socialist but industrial or agricul-
tural does not necessarily mean to reject a system analysis of modern capi-
talism as mode of production, but rather to complete it. Th e defi cits and 
the limited discussion of Moscovici’s theory in the discourse of theory 
of society do not reduce its signifi cance for a social-ecological theory of 
nature and society. 

 Th e main social-scientifi c components and variants for the development 
of a critical social-ecological theory of society and nature are summarised 
in Table  2.1 . Th ese concepts and theories are used for the analysis of

 –      economic processes  (economic reproduction, globalisation, global 
capital, and resource fl ows);  
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 –    political processes  (global and environmental governance, regulation 
of nature–society interaction);  

 –    complex social processes of change and transformation  (societal trans-
formation to sustainability).    

 Th e examples show a selective discussion of nature–society interaction, 
limited through the thematic scope of sociological analyses, where social 
inequality and class structures, political structures and power relations, 
cultural and value systems, gender relations, forms of social conscious-
ness, and social practices in the lifeworld or lifestyles are core themes. 
Th ese analyses remain parts of specialised sociological theories that can 
inform the social-ecological theory for the analysis of societal metabolism 
and its historical changes, power relations, collective action, and condi-
tions to transform societal systems in the practices of environmental pol-
icy and governance. Th e sociological theories of modern society discussed 
at the beginning of the chapter are not included in Table  2.1  although 
parts of their analyses can be used in interdisciplinary theorising. 

 Th e theories providing knowledge for an interdisciplinary social- 
ecological theory diff er in their analyses of the society–nature dynamics:

    1.     Th e theoretical core of a social-ecological theory of society and nature  
develops from three groups of theoretical analyses in theories of eco-
nomic and societal production and reproduction, of global resource 
fl ows, and of societal metabolism (themes 1–3  in Table   2.1 ). 
Production and reproduction mean, in the fi nal analysis, production 
and reproduction of human life, but cannot be described in one disci-
pline or theory. In human history, with the development of culture 
and society, production and reproduction processes diff erentiated in 
various forms that require analysis of production as economic and 
ecological process, of reproduction as biological reproduction, eco-
nomic reproduction, and societal reproduction in symbolic forms.   

   2.     Th e civilisational-cultural theory of Arnason (theme 4 in Table    2.1   ) and the 
recently developing theories of governance and regulation (theme 7 in Table  
  2.1   ) connect in diff erent ways to the core themes of the social- ecological the-
ory.  Civilisational analysis allows for comparative global analyses of the 
cultural framing of nature–society interaction, its secondary codifi cation 
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beyond economic structuring. Th ese thematically specifi c theories do 
not cover fully the complexity of societal transformation of socio-meta-
bolic regimes: civilisational analyses focus on cultural and symbolic pro-
cesses, governance theories focus on policy, and power-based processes.   

   3.     Th eories of social system dynamics and social movements  include eco-
nomic globalisation, global social change in cultural, political, and 
technological forms, and new environmental movements (themes 5 
and 6 in Table  2.1 ). Th ese theories can be seen as variants of “middle 
range theories” with limited importance for the formulation of a 
social-ecological theory. Th ey analyse parts of the interaction of social 
and ecological systems that connect to overarching theories of societal 
reproduction with empirical research on changing quantity and qual-
ity of resource use. Other theories (theme 8 in Table  2.1 ) do not anal-
yse the relations between humans and nature in form of a systematic 
theory of modern capitalist society and nature.   

   4.     Further theories not mentioned in Table    2.1   but in the discussion of 
sociological theories above (theories of social space and time, of life-
world and lifestyles, consumption cultures, mobility of people and 
resources) are thematically limited or insuffi  ciently developed as theo-
ries of societal interaction with nature. As far as they analyse the 
spatio- temporal processes of mobility and global fl ows of people and 
resources in modern society, they describe the “communication sur-
face” of modern capitalism with trade, exchange, global communica-
tion, and action over distance. Th ey do not connect to the theoretical 
analysis of modes of production and reproduction of economy and 
society (or only in exceptional forms: Lefèbvre  1991 , connecting anal-
ysis of lifeworld processes to Marxist theory).     

  For an interdisciplinary theory of modern capitalist society and nature, 
several components from social-scientifi c theories can be used (see Fig.   2.1  ).  
Two important components of critical theories are

 –     the analysis of societal modes of production and reproduction spec-
ifi ed in the social-ecological theory of metabolic regimes of societal 
metabolism, and  
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 –   the analysis of theory–practice relationship to specify forms of 
agency for the transformation towards sustainability.    

 Th e ways of societal transformation are fi nally found in the social 
practices of transformation: not in the theory and through research, 
but through application of the knowledge refl ected in the theory in 
 environmental governance and transformative action. In traditional the-
ories of society, this knowledge transfer is reduced to the conventional 
forms of knowledge transfer from research to technologies and consulting 
of decision-makers, resource managers, and social movements. In these 
traditional forms, the dominance and superior quality of scientifi c knowl-
edge are claimed, ignoring the social-emancipatory forms of agency and 
the necessities of transformation of societal systems. 

  Th e social-scientifi c components, theories, and themes of a theory of nature 
and society  summarised in Fig.   2.1  need to be completed through the 
ecological components discussed in Chap.   3     before the contours of the 
social-ecological theory of nature become visible. Ecological research cov-
ers part of the missing analyses in social research: analyses of vulnerabil-
ity, resilience, and sustainability of the coupling of social and ecosystems, 

  Fig. 2.1    Social-scientifi c components of a theory of society–nature interac-
tion.  Sources : Own compilation (theories discussed in this chapter)       
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of the global material and energy fl ows, and of the planetary boundaries 
of resource use. Th e further development of the theory and the problems 
to be addressed are discussed in the following section.  

    Social-Ecological Theory of Society and Nature 

 With the notion of global social change, a broadened theoretical per-
spective of economic, political, and cultural globalisation emerges. Th e 
social processes of globalisation are interwoven with ecological processes 
through natural resource use. Th e social-ecological theory integrates 
knowledge from social research on globalisation and ecological research 
on global climate change and land-use change. Th is integration is con-
cretised successively in the following chapters with research on resilience 
and sustainability (Chaps.   3     and   4    ), on the interaction and governance 
of social and ecological systems (Chaps.   5     and   6    ), and on climate change 
adaptation and transformation of energy regimes (Chaps.   7     and   8    ). Th ree 
general questions need to be answered for all these themes in the further 
elaboration of the social-ecological theory:

    1.     How can the historically changing relations between society and nature be 
described in terms of alienation, detachment, hybridisation, or integra-
tion?  Th e various answers are still disputed. Sociological theories tend 
more towards detachment hypotheses, and ecological theories tend 
more to integration hypotheses. Th e main variants of these hypotheses 
are the following, implying contradicting diagnoses of society–nature 
interaction. Th e hypotheses require theoretical contextualisation to 
describe their relative validity. 

 –     In modern society, the boundaries between society and nature 
dissolve:  hypothesis of fusion and hybridisation,  for example, in 
sociological actor-network theory and in the ecological theory of 
technological natures.  

 –   Modern society is progressively detaching from the forces and 
laws of nature:  hypothesis of autonomy or emancipation of nature 
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from society,  in sociology, for example, in Castells’ theory of net-
work society and in the mainstream thinking in sociology.  

 –   Modern capitalist society transforms nature with new forms of 
industrialised production:  hypothesis of co-production of nature 
and society through human labour and natural resource use that 
transforms nature and society,  in the historical materialism of 
Marx or in newer theories of historical-geographical material-
ism. In this critical theory develops simultaneously the  hypothesis 
of human alienation from nature in modern capitalism.   

 –   Modern society is embedded in nature; attempts of disembed-
ding based on modern science and technology result in environ-
mental disruption:  hypothesis of society as part of nature , in various 
forms of the ecological discourse (e.g. the “new ecological para-
digm” in human ecology and environmental sociology, ecologi-
cal economics, ecological anthropology).  

 –   Humans in modern society are manipulating and overwhelming 
the great forces of nature thus creating new global environmen-
tal risks and dangers:  hypotheses of humans as destroyers of nature, 
in various forms.  “Death of nature” is attributed to the mecha-
nistic view of modern natural sciences (Merchant  1980 ). 
Humans are, because of climate change and other modifi cations 
of global nature, seen as a geological force since the industrial 
society (or the anthropocene).  

 –   Modern societies are colonising and modifying nature in diff er-
ent forms, from extensive to intensive forms of land use and 
production (agriculture, forestry, urbanisation, and industry) to 
modifi cation of nature (genetic modifi cation of animals and 
plants, commodifi cation of life-supporting ecological processes): 
 social-ecological hypothesis of “colonisation of nature”  that happens 
in all historical forms of society, but in specifi c forms in modern 
society (Fischer-Kowalski et al).    

 Th e contradictions between the diagnoses of the situation in modern 
society in these hypotheses cannot be dissolved by proving or rejecting 
each of them with limited empirical knowledge. All these hypotheses refer 
to diff erent theories of society. Th e selective knowledge use and theory 
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connection need to be specifi ed to show the relative validity of the hypoth-
eses for specifi c societies and processes of nature–society interaction. Th e 
variety of these hypotheses corresponds to the partial and fragmented state 
of theories of nature and society in diff erent variants in political economy, 
critical theory, in human, social, cultural, and political ecology.   
   2.     How does the social-ecological theory as a historically specifi c theory 

explain societal transformations since the beginning of human history?  
Past transformations are already studied in the social-ecological theory 
with regard to the changing social-metabolic profi les and societal 
transformation in modes of production (Fischer-Kowalski et al.  1997 ). 
As historical and interdisciplinary theory, the social-ecological theory 
needs to deal with questions of “biological embodiedness and ecologi-
cal embeddedness of human beings and human society” (Barry  1999 : 
204) that emerge from natural-scientifi c research. Th e forms of 
embeddedness are more complicated in modern society, whereas in 
earlier societies the societal relations with nature were more transpar-
ent, could be “read off ” from the natural resource use practices. A 
historically informed theory of possible paths of transformation to a 
future sustainable society cannot be derived from historical transfor-
mations. Th e changing spatial and temporal dynamics, diff erent forms 
of coupling of social and ecosystems, and complexity of modes of pro-
duction and reproduction need to be analysed to explain societal 
transformations. Assumptions about determination, embeddedness, 
and co-evolution need to be specifi ed in concrete historical descrip-
tions of relations between nature and society. Nature and society have 
only a limited number of common trajectories of development that 
vary for every historical epoch and form of society; to identify such 
trajectories or their change is a core theme of social ecology.   

   3.     How does the social-ecological theory describe possibilities and forms of 
global transformation to sustainability?  Th is seems the most important 
question for the present environmental discourse that suff ers from 
policy failure, resignation, and regression to visions and simpler ideas .  
Sometimes, for example, in the analysis of Benson and Craig ( 2014 ), 
it is suggested to give up the idea of sustainable development by refer-
ring to the many failures in the debate and the failure of the “Rio+20” 
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conference. Th e authors want to restrict the debate about the future to 
that of resilience. Yet, it remains doubtful whether arguments of com-
plexity, uncertainty, or necessity of growth are suffi  cient to give up the 
idea of sustainability. Th e term sustainability is not well elaborated in 
theoretical regards; it is seen as an “essentially contested concept” 
which allows for many diff erent and contradicting interpretations. 
Although sustainability may not be a lasting term, it cannot be easily 
replaced by other terms. What implies “beyond” modern and indus-
trial society in terms of societal system transformation towards sus-
tainability remains unclear. Th e situation of insecurity and ignorance 
is evident: as for the contradicting hypotheses above, supporting 
knowledge can be found for contradicting interpretations of sustain-
ability. One of the few things known about this transformation is that 
it requires reduction of natural resource use and the acceptance of 
planetary boundaries of growth. All earlier transformations had vast 
and unused space and nature to develop through intensifi cation of 
resource use. Th e ignorance about such transitions resembles that in 
earlier societal transformations in the history of human societies. It 
was never possible to plan great transformations of societies and modes 
of production and to foresee where they might end.    

  Th e assumption that modern scientifi c knowledge has created the pos-
sibility to dominate nature and foresee the future, a Promethean view, 
seems to focus on advances of modern science and technology, whereas 
the consequences of progress and development of society are ignored. 
Such a view ignores the environmental damages and burdens, the limits 
of natural resources, and the limits of scientifi c knowledge. Th e results 
of environmental research provide evidence that new environmental and 
ecological technologies may solve prior problems, but these technolo-
gies may create new problems and risks unknown at the time of their 
initiation. With all increase of scientifi c knowledge, the “veil of igno-
rance” about the long-term future of modern society remains. Th is does 
not mean that science, policy, and society are blind in “navigating” the 
ways towards sustainability. Scientifi c knowledge can be used for transi-
tion management and environmental governance, but not in the forms 
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applied hitherto in planning and management of natural resource use that 
have only short-term perspectives. New forms of environmental gover-
nance and regulation require epistemological refl ections and revisions of 
conventional assumptions about the growth of scientifi c knowledge. 

  For the elaboration of an interdisciplinary social-ecological theory, two 
theoretical models exist that can be useful for formulating strategies for trans-
formation to sustainability. Th e fi rst dates back to the Marxist theory of his-
torical materialism reformulated by Swyngedouw et  al. Th e second is the 
theory of societal metabolism, which was formulated in the new social ecology 
by Fischer-Kowalski et al. described in Table    2.1   .  

 Swyngedouw ( 2010 ) describes in the footsteps of Marx’s dialecti-
cal concept of historical materialism the basic idea of how social and 
ecological knowledge about the interaction of society and nature can 
be integrated in the perspective of “ historical-geographical material-
ism ”. Living organisms need to transform nature in metabolic processes 
where humans and nature are changed simultaneously. Th e metabolic 
transformation of nature is not only physical, chemical, or biological, 
but also a social and historical process of specifi c relations of produc-
tion. Nature and humans are social and historical from the beginning 
of human history. Th e social appropriation and cultural transformation 
of nature produces historically specifi c social and physical natures that 
are interwoven with social power relations. Th us, nature can be seen 
as socially produced, and this process is embedded in a series of social, 
political, cultural, and economic relations at diff erent geographical scales 
(Swyngedouw  2010 : 11). 

 Th ese ideas, used to account for social transformation of nature, seem 
too abstract and general in their theoretical formulations. Th e approach 
relies on older refl ections of societal relations to nature from historical 
materialism. Although used in empirical studies, for example, on urban 
metabolism and development, there seems to lack theoretical analysis of 
the societal metabolism that can mediate the general refl ections about 
hybridisation with empirical research on the use of natural resources. Th e 
empirically specifi ed profi les of social metabolism from social ecology 
seem more useful for the analysis and comparison of socio-metabolic 
regimes in diff erent forms of human society.  
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    Conclusion: Conceptualising the Relations 
Between Society and Nature 

 From the social-scientifi c theories described in Table  2.1  the interdisci-
plinary theories of political economy, of civilisational analysis, of global 
governance, and social-ecological theories take up more systematically 
the analysis of nature–society interaction than sociological theories. Th e 
social-scientifi c components of a theory of nature–society interaction are 
summarised in Fig.  2.1 , but not discussed further here with regard to a 
systematic theory of nature and society. Such a theory does not exist in 
sociology and cannot be constructed with sociological knowledge. Th e 
social-ecological theory discussed in this book is not a sociological theory, 
but an interdisciplinary theory in open, discursive form, with several the-
matic components discussed successively in the following chapters. 

 In the elaboration of a social-ecological theory of the relations between 
nature and society, several epistemological questions need to be answered 
that are not answered in sociology:

    1.     What are the theoretical concepts to construct a theory of nature and soci-
ety?  Abstract interdisciplinary terms from systems theory are not 
enough. Systems theory in sociology has opened the theory of society 
for interdisciplinary communication, but not for systematic knowl-
edge exchange between sociology and ecology, which is required to 
understand the interaction between society and nature, social and eco-
logical systems, and social and environmental change. Th e theories of 
Parsons, Luhmann, and Habermas remained specialised theories of 
society. Also with the use of a natural-scientifi c terminology, the dis-
tinction between society and nature was more taken for granted than 
theoretically analysed. For an interdisciplinary theory of nature and 
society, much more natural- and social-scientifi c knowledge is 
required. 

 Th e fi rst epistemological problem is how to deal with concepts 
transferred across disciplinary boundaries between natural sand social 
sciences. How are the concepts transformed from metaphors into the-
oretical and explanatory concepts and theorems in a new knowledge 
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domain? Natural-scientifi c metaphors used in the sociological analysis 
of modern society are confronted with that problem: the older term of 
societal metabolism, the term of autopoietic systems, the recent terms 
of vulnerability, resilience, and sustainability. In the interdisciplinary 
social-ecological theory, it becomes evident, that most of the concepts 
transferred into social-scientifi c discourses have not been suffi  ciently 
developed as theoretical concepts. Some concepts advanced to the sta-
tus of new theoretical concepts simply by attaching the label social, as, 
for example, in the notions of social and social-ecological resilience. 
Th e core concept of the social-ecological theory under development—
societal metabolism—gives an example of how a natural scientifi c 
metaphor is transformed through theoretical refl ection and connec-
tion to knowledge from several disciplines into a new theoretical and 
an interdisciplinary concept. Also in an interdisciplinary theory theo-
retical concepts can be used and combined that maintain their origi-
nal disciplinary meaning; this is the case with most of the sociological 
concepts discussed in this chapter when they are used in the new the-
ory. A third form, between disciplinary and interdisciplinary concepts, 
are the ones with double codifi cation, in social-scientifi c and natural- 
scientifi c versions.   

   2.     How can knowledge from diff erent disciplines and specialised research in 
the social and natural sciences be integrated?  Beyond the simple interdis-
ciplinary knowledge exchange in the form of concept transfer this is 
the more important and less answered question of knowledge synthe-
sis and theory construction. Further questions to deal with as part of 
the construction of the social-ecological theory include therefore epis-
temological and methodological refl ections of the construction of 
interdisciplinary theory and knowledge synthesis. Th e theory of 
nature–society interaction deviates from theories formulated in disci-
plinary perspectives through its synthetic, interdisciplinary, and inter-
theoretical approach connecting knowledge components from 
heterogeneous theories and disciplines. Such an interdisciplinary the-
ory can be described as a “discursive theory with various components 
and open boundaries”. A super-theory in the sense of Luhmann’s 
attempt to formulate a general theory of all social systems and pro-
cesses is of a diff erent nature. Th e theory discussed here develops as a 
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historically situated and changing theory, through a discourse; it does 
not become a closed theoretical system.   

   3.     How can the boundaries between society and nature be identifi ed and 
assessed?  Th e existence of boundaries between society and nature is 
more accepted in sociology than in ecology, but not suffi  ciently clari-
fi ed in either subject areas. In social ecology, the argument develops 
that there is no strict boundary between society and nature; the two 
spheres are interacting and interwoven as they always have been in the 
history of human societies—only in changing forms. Similarities to 
the epistemology of historical materialism are evident and need to be 
refl ected. Ecologists tend to see the connection between nature and 
society trivial as evidenced by the suffi  ciently proven ecological 
research and in the lifeworld through everyday experience (e.g. in local 
ecological knowledge about natural resource use, agriculture, fi shery, 
and forestry). Such views underestimate the problems of a theoretical 
conceptualisation of nature–society relations. Th e boundaries between 
nature and society may be changing or dissolving in social practices of 
production and resource use. Yet it is necessary for explaining interac-
tions and couplings between social and ecological systems to maintain 
theoretical awareness of the origin of the processes analysed and con-
ceptualised. Not all processes of social or environmental change can be 
simply described as hybrid processes.   

   4.     Th e unclear distinction between nature and society and social and ecosys-
tems is refl ected in the debate about autonomy or dependence of society 
from nature . Th e conventional social-scientifi c view of society is that 
in modernity and through the manifold processes of technical, eco-
nomic, political, and cultural modernisation, the sphere of social life 
has become more and more detached from nature—disembedded or 
independent from natural processes. Society has become an autono-
mous sphere, independent in its cultural and material reproduction 
from the forces of nature that set tight limits of development in earlier 
phases of human history. Th is hypothesis, repeated by Castells in the 
theory of the network society, confronts the understanding of the rela-
tionship between nature and society in human, cultural, and social 
ecology. In these subject areas, there is no assumption of a linear 
change or continually reducing dependence of society from nature. 
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Th e qualitative changes observed in the interaction of society and 
nature cannot consequently be understood as independence of society 
from the laws of nature. Also with signifi cant modifi cations and 
manipulations of natural processes in modern society the impression 
that humanity has “overwhelmed” the great forces of nature in the 
epoch of the anthropocene still seems insuffi  cient to catch the com-
plex interactions and relations between society and nature. Without 
theoretically refl ected concepts, the interpretations move erratically 
between the extremes of autonomy and dependence.   

   5.     Global environmental change as described in ecological research can be 
understood as a consequence of global social change through industrialisa-
tion and as anthropogenous change.  Beyond man-made change there are 
also forms of environmental change that cannot be attributed to the 
infl uence of humans. To account for social and environmental change, 
trough theoretical reconstruction and possibilities to distinguish 
between them, is more diffi  cult than refl ected in most theories. Th e 
climate change discourse (see Chap.   7    ) gives examples for continu-
ously unsolved questions with the controversy as to how far climate 
change is man-made and how far it is part of natural processes, and 
how man-made and natural climate change relate to each other. For 
the social-ecological theory under construction, it seems meaningful 
to keep explanations open and to accept controversies as indicators of 
knowledge problems that cannot be ignored in theoretical interpreta-
tions and explanations.   

   6.     Th e normative assumptions in the reconstruction of nature–society rela-
tions need to be critically refl ected . Assuming that normative assump-
tions infl uence all theoretical refl ections, it is still necessary to 
distinguish “simple normativity” as prevailing in large parts of the eco-
logical discourse from “refl ected or critical normativity”, where nor-
mative assumptions are crosschecked with the data, the knowledge, 
the theories, and their explanations. A renewal of the critical theory of 
societal relations with nature through social-ecological research fol-
lows other normative assumptions and emancipatory perspectives 
than does the utopia of a society free of domination and exploitation 
appearing in the older forms of critical theory. Th e social- emancipatory 
perspective of a critical theory of societal relations to nature is one to 
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combat progressing valorisation and commodifi cation of nature, to 
defetishise commodity production, and to fi nd criteria for human use 
of natural resources that is fair and just in terms of social and environ-
mental justice. Th is implies complicated readjustments of economic 
institutions of reciprocity, redistribution, exchange, and household to 
be balanced with each other. Such ideas were developed in the critical 
institutional economy of Polanyi ( 1944 ,  1979 ) and later analyses of 
the self-destructive mechanisms of the economy of growth (Zinn 
 1980 ; Girardet  2007 ), or in the discourse of degrowth.          

    Appendix: Relations Between Society 
and Nature According to Main Sociological 
Theories 

    (1) Traditional Theory: Luhmann’s Theory of Social 
Systems 

 Luhmann’s sociological theory of modern society is a theory of a function-
ally diff erentiated society that develops from Parsonian theory. Luhmann 
modifi es this theory, maintaining the theorem of functional diff erentia-
tion of societal subsystems as state, economy, science, culture, and oth-
ers. His theory results in a more abstract description of modern society, 
abstracting from territorial segmentation with the concepts of functional 
diff erentiation and world society. Th is happens in a complicated theo-
retical language, in constructivist thinking, diffi  cult to formulate in other 
concepts and theoretical languages. 

 Modern society as world society is built through global communica-
tion: the operation to produce and reproduce society is communication 
[Luhmann ( 1997 : 3); for further discussion of the idea of world society 
see Stichweh ( 2000 )]. Th e theoretical term of society is simplifi ed with 
the term communication. World is not understood in a geographical 
meaning as the physical world or the global space, although such “back-
ground meaning” is always present when Luhmann writes about society. 
Th e world of world society is an abstract functional concept in the sense 
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of a horizon for all meaningful communication. More than in spatial 
dimensions and as contrast to national societies or territories is the world 
society understood in a temporal logic as simultaneity through global 
communication without physical presence. 

 Th e explanation of the systemic constitution and reproduction of the 
modern economic world system is in this theory reduced to loose forms 
of system integration and interaction within and between functionally 
diff erentiated subsystems of society. Functionally diff erentiated societal 
subsystems develop their own internal codes and forms of communica-
tion. Communication that cannot be structured in the binary logics of 
money for the economy, power for politics, and truth for science does not 
succeed in modern societies. Th e system-theoretical analysis of society 
is guided by the idea of complexity reduction through the building of 
social systems. Th e aspiration of explanation is reduced to description, 
although in complicated constructivist terms. Th eories of society pro-
duce theoretically concentrated variants of the self-description of modern 
society. Self-description is understood by Luhmann ( 1997 : 867) as com-
munication within society about society. 

 Analyses of societal relations with nature, natural resource use, and 
environmental problems are marginal themes in Luhmann’s fi nal theory. 
Th ere they appear in theoretically distorted forms as historical variants of 
self-description of society as nature (Luhmann  1997 : 989ff ), otherwise 
as forms of communication of “ecological problems” in modern society 
(Luhmann  1986 ). In the theory of power and money as generalised media 
of societal communication, it is described how political and economic 
systems communicate about nature. In the refl ections on “ecological com-
munication”, Luhmann argues why the ecological discourse cannot suc-
ceed in a functionally diff erentiated modern society; for nature there exists 
no subsystem in society and no eff ective generalised mechanism of com-
munication. Environmental problems cannot be articulated in the special-
ised system languages and codes of economy, politics, and science. Each 
of these societal subsystems has a specifi c function and does not care for 
the functions of other subsystems nor for society at large or global prob-
lems. Nature and environmental problems do not fi nd a place in the order 
and discourse of modern society. A solution for environmental problems 
seems impossible in the functionally  specialised modern society, with the 
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systemic mechanisms of industrial society where the codes of conduct 
for the use of money and power dictate the standards for environmental 
action. However, a transformation of society to another mode of produc-
tion or socio-metabolic regime appears also as impossible. According to 
Luhmann, modern society can only continue to evolve on the path of 
specialisation and diff erentiation. 

 Th e theoretical construction of modern society with the systemic com-
munication media of power and money helps to get rid of complicated 
explanations in earlier theories. Th ere production and reproduction, rela-
tions of power, domination, exploitation of humans and nature, capital 
accumulation, and appropriation of nature appeared more as problems 
created through modern society and problems to explain with the help 
of theory. Reproduction is in Luhmann’s theory a concept copied from 
the biological forms of reproduction of species or living systems, with-
out further theoretical signifi cance for the theory. Th e biological term 
remains in the theory of society a metaphor exceeding its cognitive limit 
when applied to society at large or when social systems are understood as 
living systems. Th e theoretically upgraded term of communication shows 
the systemic distortion of societal communication and as a consequence 
the ineffi  cient solution of environmental and other problems. Luhmann’s 
theory describes the modern world society as an incomplete society, with 
imperfect societal synthesis, as a truncated system with the global com-
munication and interaction functional for the world market.  

    (2) Critical Theory: Habermas’ Theory 
of Communicative Action 

 In the early works of Marx, where critical theory takes shape through the 
critique of Hegelian philosophy, a theoretical programme for the analysis 
of relations between society and nature was drafted. Th ese relations can-
not be directly read off  from relations of individual humans to nature or 
their consciousness about these relations. Relations between humans and 
nature and their alienation from nature need to be decoded in the analysis 
of social relations between humans, from the societal nature of humans 
and their cooperation within the modes of production in human history. 
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Th e transformation of nature happens through human work which is 
itself transformed through the increasing use of scientifi c knowledge in 
production and resource use. Th e anthropological argument of critical 
theory to explain human society and societal relations to nature unfolds 
in an intersubjective theory of the human condition and the societal rela-
tions between humans (Anacker  1974 : 149). 

 Th e theoretical analysis of the relations between nature, humans, and 
society was specifi ed in the political-economic systems analysis of modern 
society explaining the capitalist mode of production and economic repro-
duction. Part of this theory is the analysis of social and class structures 
that developed in modern capitalist society. Other components included 
the theory of symbolic and material reproduction of modern societies 
and of social consciousness, developing as theory of class consciousness, 
ideology, and manipulated consciousness. Th e guiding idea of a norma-
tive order in critical theory is that of social emancipation from relations 
of domination and exploitation. 

 Th e turn of critical theory towards a negative anthropology began with 
the “Dialectic of Enlightenment” by Horkheimer and Adorno ( 1971 ), 
where nature appeared as an object of human domination. Nature appears 
in a series of philosophical concepts, showing the disturbed relations 
between humans and nature in modern society: nature as outside society, 
“the other” that humans try to dominate; second nature as reifi ed social 
relations in society; nature as the unknown and unknowable; human 
thinking about nature; human nature which is analysed in an anthro-
pological theory. In the second generation of authors from the Frankfurt 
School, Habermas has in his writings on the philosophical discourse of 
modernity broken with the enlightenment analysis of Horkheimer and 
Adorno. He saw enlightenment as an “unfi nished project” that requires 
a renewal of its emancipatory perspectives. Th is implies a critique of the 
naïve forms of enlightenment thinking that inaugurated human domina-
tion of nature (Vietta  1995 : 169ff ). In his sociological work, Habermas 
did not renew the analysis of societal relations with nature. 

 Habermas ( 1968 ) brought in his early theoretical refl ections a long 
debate about the critique of society to the epistemological answer that 
describes a specifi c property of critical theory: critique of society requires 
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a theory of society that includes a critique of the forms and interests of 
cognition in society. A critical diagnosis of society needs to take the form 
of theory before it can become practical knowledge for the transformation 
of society. Th e theory of communicative action (Habermas  1981 ) brought 
signifi cant changes in the explanation of society, with a synthesis of socio-
logical thinking about society, including traditional and critical theory. 
Th e infl uence of Marxian theory weakened, and with it class analysis with 
the argument that it becomes irrelevant when class consciousness is fad-
ing away. Th e concept of communicative action has three components 
described by Habermas as that of reconstructing communicative rational-
ity, reconstructing a concept of society with the components of system 
and lifeworld, and explaining the paradoxes of modernity as dominance 
of systems over the lifeworld. Communicative action becomes the core 
concept of the theory to explain the reproduction of society replacing the 
political-economic analysis of productive forces and relations of produc-
tion. Th e functionalist theories of Parsons and Luhmann are used in the 
theoretical systems analysis of the core systems of economy and politics in 
modern society. A critical intention of the theory is to correct the distorted 
system descriptions of traditional functionalism and the instrumental 
rationality in the use of power and money through the analysis of society 
as lifeworld. Communicative rationality unfolds in the lifeworld as the 
capacity to achieve social equality, justice, and social emancipation. Th e 
concept of communicative action is used to analyse “fl oating inequalities”, 
which appear no longer as class- bound, are part of a colonialisation of 
the lifeworld through political and economic systems. According to this 
analysis of distorted social communication, the communicative mecha-
nisms of power and money require enclosures and need to be controlled 
to prevent that they damage and destroy the spheres of power-free and 
non-alienated communication and the autonomy of lifeworld. Th e argu-
ment can be criticised as showing a “sociological naivety” in the theoretical 
analysis of problems and confl icts of modern society. With that reasoning 
Habermas does not achieve a critical analysis of the paradoxes of modern 
society and of the interaction between society and nature. Th e reasoning 
can also be criticised to imply a misleading separation of the spheres of 
social systems and social lifeworld a “fallacy of misplaced concreteness” 
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(Parsons, Whitehead) where an analytical distinction of system and life-
world appears as social separation of contrasting social spheres. 

 Th e neglect of environmental problems was a main critique of this 
theory (Scheunemann  2009 : 8; Eckersley  1992 ), answered by Habermas 
in an astonishing way: he does not feel competent to refl ect about eco-
logical themes (Scheunemann  2009 : 17). Nature and the environment 
appear in the theory of communicative action as the material basis of 
the lifeworld: the physical and biological nature and the nature trans-
formed by humans, all outside of society—although connected to 
society through specifi c forms of social action and communication. In 
instrumental action human labour and its modifi cation of nature can be 
included, and in communicative action the symbolic and cultural com-
munication about nature. A critical analysis of nature–society relations 
could be developed in the logic of communicative action as part of the 
critique of the colonialisation of lifeworld through imperatives of the 
political and economic systems of modern society. At the interfaces of 
system and lifeworld appear the manifold confl icts in modern society 
that are a consequence of this colonialisation. Th e new social movements 
become the social actors that articulate and communicate the critique of 
colonialisation in civil society action. 

 After Habermas, in the work of Honneth, the theme of nature–soci-
ety interaction is still more disconnected from sociological theory. In the 
analyses of Honneth critical theory develops back to a social- philosophical 
discourse about normative integration and problems of recognition in 
modern societies. A critical theory of contemporary capitalism is reduced 
to the themes of fi ghts and confl icts about recognition, equal rights, and 
social emancipation in the vague sense of normative orders of a just soci-
ety. Th ese themes are disconnected from earlier variants of critical theory 
through a doubtful revitalising of sociology as moral science. Honneth, 
arguing in the tracks of Parsons’ theory, eliminates from sociology com-
ponents that try to connect theory of modern capitalism with non- 
normative, material analyses of relations of production and reproduction. 
Other sociological variants of critical theory, for example, the analysis 
of social space by Lefèbvre ( 1991 ), or approaches as radical geography 
(Brenner  1997 ), maintain important components of a theory of nature–
society relations. At the end of the twentieth century, critical theory in 
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sociology shows a tendency to dissolve into diff erent approaches. Th ese 
include Beck’s ideas of a theory of cosmopolitan risk society, and attempts 
to formulate a critical theory of another kind from Luhmann’s system 
theory (Amstutz and Fischer-Lescano  2013 ), and the theory of kaleido-
scopic dialectic (Rehbein and Souza  2014 ). Critical theory falls apart in 
contrasting variants that can only be kept under this label by assuming 
that diff erent theories are necessary to develop a renewed critical analysis 
of modern capitalism.  

    (3) Societal Transformation in Sociological Views: 
Post-industrial Society 

 Bell ( 1973 ) saw the coming post-industrial society as one where the ser-
vice sector became the main sector replacing industrial production that 
becomes in its new branches science-based production. As a consequence 
of these projected changes, class structure was also expected to change 
with the rise of new technical elites. Th e basic idea of post-industrial soci-
ety remained simple, following prior observations of Fourastié who saw 
development and modernisation as a shift from the fi rst economic sector 
(dominance of primary production in agriculture) to the second (indus-
try), and, fi nally, to the third sector (services). Th e future post-industrial 
society is unknown in its systemic forms; its description as a service-based 
economy is not suffi  cient to describe the complexity of societal change, 
and not to describe relevant changes regarding the environment and use of 
natural resources. With the present changes of economic systems through 
information technologies, rather a further stage of industrial society is 
reached than a post-industrial society with a changed mode of produc-
tion: a society where industrial production is relocated to the Global South 
and newly industrialising countries. “Services”, including many heteroge-
neous services produced by public and private organisations, do not show 
a clear idea and direction of societal change. According to the early ideas 
of post-industrial society, a country like the USA could already be seen as 
post-industrial when the industrial sector in the national economy and 
in the national gross product became smaller than that of the expand-
ing third sector. Th e assumption, dynamics of economic development 
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are dynamics of national economies and nationally organised societies, 
is not suffi  cient to understand the historical development of industrial 
capitalism that required as its counterpart the non-industrialised econo-
mies from which large parts of the resources came. Th e assumption is 
theoretically devalued further with the take-off  of economic globalisation 
since the 1970s and the late industrialisation in the Global South. Th ese 
changes show that industrialisation is a de-synchronous process, part of 
the global economy, and changes its quality mainly through technological 
innovations. Th e second industrial revolution towards the end of nine-
teenth century was seen as resulting in mass production and the Fordist 
accumulation regime. Th e present third industrial revolution (Rifkin) is 
seen as the digitalisation of manufacturing. 

 Th e qualitative changes of industrial production are not analysed in 
detail in Bells theory; his description of the change as science-based pro-
duction remained rather vague, not much diff ering from the broader 
discourse of the knowledge-based economy or information society. Post- 
industrial society may even melt with description of post-Fordism as a 
new capitalist accumulation regime. Th e question of nature–society 
interaction is irrelevant for the theory of post-industrialism. It comes up 
in critical analyses of industrial capitalism, in the context of critique of 
a growth- and technology-based economy and its environmental con-
sequences by Illich ( 1973 ), and as part of the then emerging debate on 
limits to growth. 

 In critical theory where the negative consequences of a technocratic 
society were discussed, the idea of post-industrial society was not theo-
retically elaborated further. Th e late diagnosis of Marcuse ( 1964 ) was 
that modern capitalist and socialist societies converge to similar forms of 
industrial societies, reducing the system diff erences between capitalism 
and socialism. Th is diagnosis where older forms of analyses of capital-
ism are blended with the assumption of technological determinism in 
contradicting forms was criticised by other critical theorists (Habermas 
 1978 , see especially Off e and Bergmann, ibid., 73ff , 89ff ). In the eco-
logical discourse to which Marcuse contributed in his late writings, his 
utopian ideas of a liberated society were taken up as critique of indus-
trial society. Th e idea of post-industrial society as critique and transfor-
mation of industrial society was connected with ecological visions of an 
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 environmentally sustainable future society. Th is future society should be 
achieved through the restructuring of large societal systems to a mul-
tiplicity of locally organised societies and economic systems where the 
accumulation of money and power, of capital and repressive power are 
reduced through degrowth. But the transformation towards a global 
post-industrial society in this sense is not yet on the way. Forms of de-
industrialisation in some Western countries since the late twentieth cen-
tury are not showing the development of a future post-industrial society. 

 Th e relocation of industrial production from Western countries to 
newly industrialising countries that become territorially (but not in terms 
of property and control) the industrial producers for the world is not 
identical with a transformation of industrial society. It shows new forms 
of international division of labour in industrial production. What hap-
pened in fact with the de-industrialisation in European countries was the 
relocation of polluting industries to other countries, supported by glo-
balisation and deregulation of national economies. Environmental pol-
lution has not reduced in the past decades, the pollution increases where 
the production goes. Industrialisation is expected to continue for decades 
before its long-term consequences in forms of pollution, climate change, 
exhaustion of resources come to block its further spreading. 

 Th e term of post-industrial society seems already to say with this name 
that one does not know the form of such a future society in terms of its 
systemic structures, modes of production and reproduction, relations to 
nature and societal metabolism. Th e parallel processes of industrialisa-
tion and urbanisation continue. Th e competing interpretations, ideas, 
and visions of a future society as technology-based information society, as 
globalised hyper-capitalism, or as ecologically sustainable society in net-
worked local systems make it further complicated to interpret the term 
of post-industrial society. Th is term comprises heterogonous and con-
tradicting forms and interpretations of economic change. Ecologically 
seen industrial society cannot exist forever; natural resource use and envi-
ronmental pollution are beyond the global limits before industrialisa-
tion reaches a large part of the global population. In the early ecological 
discourse, the idea of the post-industrial society has been called a uto-
pian idea that comes decades too early (Bühl  1983 ). Th is is again the 
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conclusion from more advanced, theoretically guided analyses of societal 
metabolism in recent social-ecological research. 

 Th eoretical terms as post-industrial society, risk society, information 
society, refl exive modernisation, or network society do not show a great 
transformation of modern, industrial, or capitalist society. Most of these 
theories do not analyse systematically the symbolic and material repro-
duction of modern society in their global forms. In some variants of 
post-modern theorising, doubtful assumptions are found; for example, 
the hypothesis that in late capitalism societal reproduction changed from 
economic to cultural modes (Welsch  2003 ). Globally seen, the industrial 
society has not ended: in many parts of the world it has hardly started. 
Th e attempts of late industrialisation and modernisation of national 
economies in the Global South happen at a time when ecological research 
and theories can already show that it is impossible for all humans to 
live in industrial socio-metabolic regimes because of the limits of natural 
resources.  

    (4) Social Transformation in Sociological Views: 
Refl exive Modernisation and Cosmopolitan Risk 
Society (Beck and Giddens) 

 Th e theories of risk society (Beck), refl exive modernisation (Giddens), 
and ecological modernisation (Mol) describe processes of social change, 
but not structures of a future society. Th ese theories leave the directions 
of transformation of society open, describing modernisation as taking 
other forms and as a slow structural change, sometimes described as slow 
transformation. Descriptions of early and late, fi rst and second moder-
nity, simple and refl exive, conventional and ecological modernisation 
give only names to historical phases of modern society. Th e concept of 
modernity is used once more to describe the development of society in 
the forms of a never-ending modernisation. Th is was already seen as a 
paradox of “the future cannot begin” by Luhmann ( 1976 ). He analysed 
temporal structures of modern societies, based on a distinction of the 
immediate past and future (which are always reference points of social 
action) and distant past and future. Th ese refl ections remain at the level 
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of abstract philosophical reasoning about the time of social systems and 
“nontemporal extensions” of time, with a diff erentiation between sequen-
tial or action-related forms of time and structural or system-related 
forms. System-related forms of time indicate diff erences between system 
and environment in complex forms of multiple temporality. Th is analysis 
does not result in a sociological conceptualisation of a new society, but 
ends in the diagnosis that the complexity of time regimes in modern 
society makes a transformation of this society an unrealistic view of the 
future. 

 Th e theories of Beck and Giddens can be understood as part of a the-
ory of globalisation, describing some aspects of social change: dissolution 
of class structures or individualisation (Beck), a modernity determined 
by systemic risks, and refl exive modernisation as attempts to deal with 
such risks in the industrial market economy in attempts of internalisation 
of external eff ects. Th e idea of refl exive modernisation aims at dealing 
with problems and risks, and does not fully take into account the “mis-
adventures of capitalist nature” (O’Connor  1993 ) and the countertrends 
of societal “de-modernisation” or dissolution of social organisation. Th ese 
are insuffi  ciently explored in sociology, discussed as a “new barbarism” 
with the exploding intra- and international violence in regional confl icts, 
wars, and civil wars since the end of the East–West confrontation and the 
collapse of socialism (Miller and Soeff ner  1996 ). 

 Beck’s hypothesis of individualisation is a variant of the sociological 
refl ections of dissolving class structures in modern society without dis-
solution of the capitalist mode of production. Individualisation is not a 
sociological proof for the transformation of modern societies. It can also 
be doubted that individualisation is a form of de-structuration, rather it 
is part of multiple and contradicting forms of changing social and class 
structures. Modern capitalism changes signifi cantly with the processes 
of economic globalisation and the technological innovations of the past 
decades. But this can more convincingly be explained as part of the global 
spreading of the capitalist mode of production than as its transformation 
into another form of economy and society. Sociological and economic 
assumptions that see the beginning of globalisation in the recent past, 
since the 1970s, when the deregulation of international capital fl ows and 
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the expanding signifi cance of fi nancial capital began, seem to ignore what 
is known from older critical and political-economic theories:

 –    Th e theorem of the critique of political economy by Marx sees the 
modern capitalist mode of production as constantly revolving pro-
ductive forces, technologies, and means of production. Th is is 
shown in the “long waves”, or Kondratiev cycles, of capitalist devel-
opment since the beginning of the industrial revolution.  

 –   Th e historically more specifi c theory of the modern world system 
does not adopt the notion of globalisation in its sense of recent 
neoliberal deregulation of the markets. Th e beginning of interna-
tional spreading of modern capitalism and its continued economic 
and technological modernisation began with the building of the 
modern world system or world market in the early sixteenth cen-
tury, after the opening of the seaways for global trade, with the 
European colonisation of the Global South.    

 Beck has outlined a cosmopolitan vision of world risk society ( 1996 , 
 2002 ,  2009 ) where he tries to deal with the multi-scale phenomena of 
societal organisation in terms of local, national, and global structuring. 
His account of globalisation as de-territorialisation of production and 
cosmopolitanism illustrates more the confusion about globalisation (for 
the continuing controversy about national and cosmopolitan orders see 
Frödin  2013 ), playing with a variety of ideas and terms: globalisation 
through information technology, through changing scopes of action 
and decision-making frames, through de-territorialisation of economic 
production, transnationalisation of the world market, globalisation of 
trade and global intra-fi rm trade. For all these phenomena, the new term 
of cosmopolitanism does not fi nd explanations—it only adds observa-
tions to the idea of a qualitative rupture of national and international 
processes. In the Internet-based economy, the internal space of national 
and local ways of business and trade is transformed through new options 
and decision-making under the infl uence of possibilities of global com-
munication and action. Beck interprets this as a paradigm shift from 
territorial production for local or national markets to de-territorialised 
forms of production for several national markets or the world market. 
Th e statistics based on national economies and international exchange 
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lose in value as information. International trade is transformed to intra- 
fi rm trade without buying and selling, only pushing back and forth 
goods within fi rms operating transnationally. At the turn of the century, 
estimates were that 40–60 % of international trade are “intra-fi rm non- 
trade” (Beck  2002 : 32). Th e meaning of transformation is reduced to that 
of changes in international trade- and market-based processes of which 
the consequences seem dramatic, but are not analysed further in their 
consequences. 

 Giddens elaborated a more critical analysis of modern society in his 
early theoretical critique of historical materialism and his critique of the 
conventional forms of systems and action theory. He tries to integrate 
system and action theories in a theory of structuration and modernisation 
that takes up insights from critical theory (Held and Th ompson  1990 ). 
In its further development his theory, with the core theory of refl exive 
modernisation, ended in similar diagnoses as Beck’s theory of risk society: 
as modernisation that cannot end, can only improve its forms through 
becoming self-refl exive to maintain growth and development. Refl exive 
modernisation can be seen as an overarching term to describe processes 
of change that have also been refl ected in the discourse of post-industrial 
society: development and modernisation require in late modernity a reor-
ganisation of the economy to deal with the systemic risks. Th e moderni-
sation that characterises risk society turns out to be reorganisation and 
adaptation to global social and environmental change; it can be seen as 
similar to processes of adaptation described in the ecological discourse 
of resilience. Social and economic systems can acquire capacities of deal-
ing with risks, disturbances, and shocks and can even remain in states 
of “sustained crisis” as the long crisis of fi nancial capital from the last 
decade shows. But no transformation of the societal or economic system 
is initiated. Similar as in the theory of ecological modernisation of Mol, 
the new social and environmental movements are seen as articulating the 
requirements of refl exive modernisation by trying to adapt to the indus-
trial system in attempts to change it “from within”, in contradicting ideas 
of sustainable development without system transformation. 

 For the new theories of post-industrial society, risk society, and refl ex-
ive modernisation, the analysis of modes of production and reproductive 
mechanisms of society are no longer required. Th ese theories make use of 
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supporting arguments from sociological analyses of globalisation and cul-
tural and political change. In the new theories, the common denomina-
tor is an idea that survived since the early evolutionary theory of Spencer 
in the nineteenth century, although does no longer take the form of 
naïve evolutionism or the Dominant Western Worldview in industrial 
society (Dunlap and Dunlap 1992/1993). Th is idea is, that modernisa-
tion and industrialisation, or, in a more valuing term, progress can go on 
forever. Today progress or development is no longer seen as linear and 
irreversible, but as threatened through risks, ruptures, and catastrophes. 
Modernisation, seen as refl exive modernisation, implies adaptation to 
changing contexts and conditions of development. 

 Th e sociological theories of Beck (cosmopolitan risk society), of 
Giddens (refl exive modernisation), and of Mol (ecological moderni-
sation, environmental fl ows: Mol and Spaargaren  2006 ) took up the 
nature–society theme in fragmented form. Th e authors do not aim at 
grand theory and big knowledge syntheses. All three theories develop 
from the conventional sociological term and perspective of modernisa-
tion assuming that the modernisation process is continuing in chang-
ing forms. Th e theories show that modern industrial societies cannot 
escape their systemic constraints in their relations with nature. Economic 
growth and industrial production require more use of natural resources 
and cause environmental problems. But in the forms of ecological or 
refl exive modernisation industrial societies appear as blocked in their 
transformation towards sustainability. Eff orts to deal with environmental 
problems by way of internalisation of pollution costs in the economic 
process, through cost assessment and pricing of nature, show limited suc-
cess in regulating societal interaction with nature (see Chap.   5    ).    
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    3   
 Interaction of Nature and Society 

in Ecology                     

      Th is chapter discusses ecological research on nature–society interaction in 
the perspective of an interdisciplinary theory. Ecology developed as a sci-
ence of the relations between living systems and their environment where 
the study of human–environment relations has brought interdisciplinary 
approaches in human, cultural, social, and political ecology. Attempts to 
connect specifi c theories in ecology in a unifying and general theory are 
from recent time (Scheiner and Willig  2011 ). Th e theories of ecosystem 
development include succession theory as core and model of the gen-
eral theory, the theories of ecosystems ecology and of global change, and 
other, more specifi c theories and models. Th e discussion shows that many 
of the ecological theories are mathematical or statistical models that have 
yet to be formulated and developed in broader theories. Th e development 
of interdisciplinary theories in human, cultural, social, and political ecol-
ogy has not been included in this attempt to integrate ecological theories. 
Th e interaction between human society and nature, relevant for social- 
ecological theory, comes into view in global change theory. Th is theory is 
discussed and developed in this chapter with the new ecological research 
on vulnerability, resilience, and sustainability. 



 Th e following section discusses how interdisciplinary knowledge 
synthesis is developed in ecology. Ecological concepts and theories are 
assessed with regard to their signifi cance for an encompassing social- 
ecological theory of nature and society. Initially, these concepts and theo-
ries are used to assess the broader theories and their limits, and thereafter 
the recent ecological research on global environmental change in the per-
spectives of vulnerability, resilience, and sustainability. 

    Ecology as an Interdisciplinary Science 
of Humans in Ecosystems 

 Th e themes studied in ecology include interactions between the non- 
living physical nature, the living nature of fauna and fl ora, and humans 
as biological species and as social actors with culture, consciousness, and 
capacities of refl ection. Th e biological and social properties of humans 
can only be divided analytically into a social and a biological lifeworld. 
Humans are integrated in ecosystems as members of a biological species 
and in social systems as members of society. But there is no simple and 
unchangeable connection between society and nature. In the analysis of 
the varying forms of interaction and coupling of social and ecological 
systems, it needs to be shown how the integration processes in social 
and ecosystems connect to each other. With the paradigm shift in ecol-
ogy described by Scoones ( 1999 ), the cognitive problems with diff erent 
forms of abstraction in ecological and social concepts and theories have 
become evident. Th e new ecological thinking is described by Scoones 
with two components:

 –     Interdisciplinarity:  in ecological studies the focus is on non- 
equilibrium, dynamics, and spatial and temporal variation of eco-
systems where complexity and uncertainty prevail.  

 –    Espistemic changes:  spatial and temporal dynamics are reconstructed in 
situated analyses of people in places; the environment is understood as 
both the product of and the setting for human interactions; complex-
ity and uncertainty in social-ecological systems (SES) show that pre-
diction, management, and control are unlikely, if not impossible.    
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 SES is used to frame the analysis of nature–society interaction, but 
is not yet developed as a theoretical concept. Th e other concepts in the 
description of Scoones come from systems theory. A system-theoretical 
language does not yet show how knowledge from the diff erent disciplines 
can be integrated: this requires specifi c methodologies for knowledge 
synthesis. Two points made by Scoones need to be discussed further in 
the social-ecological theory: the interaction and coupling of social and 
ecological systems; and the argument that complexity and uncertainty in 
the dynamics of coupled social and ecological systems make management 
and control of the systems unlikely or impossible. Th e ecological analyses 
of vulnerability, resilience, and sustainability discussed in this chapter 
provide further knowledge about the systemic processes in SES, includ-
ing managed and non-managed change. 

 Th e construction of SES-created epistemological and methodological 
problems is described in the following three points:

    1.     Early attempts of conceptualising the interaction between social and eco-
logical systems in ecology show a lack of criteria, diff erentiated concepts, 
and frameworks for the analysis of interfaces between social and ecological 
systems . Dykes ( 1988 ) discusses the evolutionary dynamics of complex 
systems by connecting biology to philosophy to refl ect on the ques-
tions of explanation, determination, teleology, reductionism, and hier-
archy. How biological concepts are interwoven with social system 
concepts that are part of complex adaptive and interacting systems is 
not yet shown in this epistemological discussion. Pickett et al. ( 2005 ) 
study biocomplexity in interacting social and ecological systems in a 
simplifi ed framework of spatial, organisational, and temporal dimen-
sions with limited use of social-scientifi c knowledge. Complexity is 
seen as increasing when connections develop to confi guration and 
functional interdependence of the system elements. Complex interac-
tion processes like biological and social reproduction, societal metabo-
lism, or societal transformation cannot be adequately analysed in this 
framework that develops from formal and quantitative analyses of 
intersystemic relations inexactly described as “human-natural sys-
tems”. Turchin and Hall ( 2003 ) attempt to connect the sociological 
world system theory with ecosystem concepts and theories. Th ey see 
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this attempt as speculative and limit the analysis to possibilities of syn-
chronisation of processes in connected systems. Two points from these 
abstract refl ections seem important for the analysis of SES: 

 –     Spatial and temporal connections in interacting systems that include 
various forms of synchronisation, and  

 –   the requirement of multi-scale analyses in the dynamics of SES.    

 Scoones ( 1999 ) describes the ecological analysis of intersystem 
dynamics more systematically, but a social-ecological theory is not yet 
developing with that.   

   2.     In interdisciplinary social-ecological analyses two forms of knowledge need 
to be combined:  ecological knowledge from ecosystem analyses and 
social-scientifi c knowledge about human action in social systems. 
Social action in resource-use practices is shaped through the normative 
ideas and aspirations of collective actors, their varying interests and 
objectives. Beyond the mapping of interests through empirical research 
as given facts, the interests are infl uenced from the social structures of 
society, the historically specifi c forms of social division of labour, the 
systemic structures of modes of production, reproduction, and systems 
transformation. Th ese connections between actors and systems are 
analysed in the theory of modern society and its relations with nature 
(discussed in Chap.   2    ). How to communicate the social and cultural 
structuring of action in ecology, in analyses that work with functional-
ist terms, is methodologically diffi  cult. Incompatible concepts, episte-
mologies, and ontologies block the interdisciplinary communication. 
Abstract terms such as “socionatures” are not suffi  cient to describe the 
diff erentiated structures, processes, and relations that mediate between 
social and ecological systems (see Chap.   5    ). To support the communi-
cation the social-ecological theory develops more specifi c interdisci-
plinary concepts and forms of analysis.   

   3.     Th e interdisciplinary theory of society and nature includes interactions 
between the physical, biological, and social nature of humans.  Th e inter-
actions between the ecological and social systems as core theme of the 
theory show many forms of exchange of material, energy, and infor-
mation, and symbolic processes of communication. All these forms are 
included in the abstract term of system dynamics that is too inexact to 
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describe SES theoretically. Knowledge and terminology from social-
scientifi c theories about the dynamics of human societies, their social 
structures, their historically specifi c modes of production and repro-
duction, development and transformation are, so far, hardly used in 
ecological research.     

 Th e three kinds of epistemological and methodological diffi  culties 
are not yet solved. Th is makes the interdisciplinary knowledge exchange 
and synthesis of social and ecological knowledge selective, insuffi  ciently 
refl ected, and structured in epistemological and methodological terms. 
Ecological concepts and theories of nature–society interaction need to 
be connected with social-scientifi c concepts and with social knowledge 
practices in the processes of resource use and management—in meth-
odological forms that need to be elaborated in the development of the 
interdisciplinary social-ecological theory. 

    Ecological Theories of Nature–Society Interaction 

 In the ecological discourse, the term of the anthropocene (Ehlers and 
Kraff t  2006 ) is more and more used to describe a new historical epoch by 
connecting the concepts for the geological epochs in earth history with 
the concepts for the description of modern society. Th e anthropocene is 
described in conventional social-scientifi c terms as industrial revolution 
and industrial society. Th e cognitive status of the term anthropocene—as 
concept, model, framework, theorem, theory, or hypothesis—is disputed. 
Th e main argument for the use of this term is formulated in the hypoth-
esis that humankind has become a geological force in modernity through 
its strong modifi cation of the ecosystems on earth. Th e discussion shows 
the diff erent understandings of theory in interdisciplinary discourses. 
For ecology, as discussed by Scheiner and Willig ( 2011 ), theory means 
often mathematical and statistical models or less formalised conceptual 
models and frameworks that do not develop into systematic theories and 
explanations as found in the social sciences. Th e ecological community 
assembly theory (Weiher et al.  2011 ) that deals with niche-based interac-
tion processes between species shows the highly specialised theories and 
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models used in ecology. Th ese models can only be used for limited and 
specifi c forms of interdisciplinary communication and synthesis (in this 
example between ecology and biogeography). Few systematic theories 
exist in biology and ecology, with the synthetic theory of evolution (Mayr 
and Provine  1980 ) being the widely accepted one. From the practice of 
theorising in ecology, it can be concluded that

 –    general theories of the explanatory kind are hardly formulated;  
 –   the theory concept remains epistemologically vague;  
 –   models and conceptual frameworks with the function to guide 

empirical research prevail in the practice of ecological research.    

 Th e concept of the anthropocene came into use in interdisciplin-
ary theorising about humans and nature. It is of interest for a social- 
ecological theory of nature and society not for the hypothesis of mankind 
as a geological force, but for the reason that this hypothesis indicates the 
necessity of much more diff erentiated empirical and theoretical recon-
structions of the interaction between humans, society and nature. A com-
ing theory of the anthropocene can be a part of the broader theory of 
nature–society interaction. In its present undeveloped state it is one of 
the few attempts to start to formulate from natural-scientifi c knowledge 
a theory of modern society that requires further steps of knowledge syn-
thesis. Such synthesis is in an exemplary way developing with the social- 
ecological theory. 

  Th e core processes to be analysed and explained in the social-ecological 
theory include that of production and reproduction in the systems in nature 
and society.  A series of ecological theories provide knowledge for this the-
ory (Table  3.1 ). In the following section, the theme is the relevance of 
these theories for an interdisciplinary theory. Th ereafter the reasons for 
the slow and diffi  cult development of such a theory are discussed.

   Th e unifying theory of ecology (Scheiner and Willig  2011 , not discussed 
in Table  3.1 ) provides knowledge about society–nature interaction mainly 
through the theory of global change. Older approaches of interdisciplinary 
thinking in biology include the subjective biology of Uexküll ( 1926 ) who 
constructed a theory of action and interaction of species in sociological 
terms of social action and lifeworld. Th is theory and examples for new 
holistic thinking in biology (Gierer  1998 ) are not discussed further here; 
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they include specifi c components of nature–society interaction that could 
become useful for discussing the interactions between humans and ani-
mals in modern society. With the social- ecological theory, holistic thinking 
shares only some conceptual problems, for example, that of possibilities 
to extend the concept of social action beyond humans. Further areas of 
interdisciplinary research in historical ecology, environmental history, and 
environmental psychology are more limited and less relevant for the con-
struction of a theory of nature–society interaction. 

 Th e  ecological theories  (themes 1–5  in Table   3.1 ) add the following 
components to the social-ecological theory that is mentioned in the Table 
as part of the broader interdisciplinary discourses of human, social, cul-
tural, and political ecology:

    1.     Th e biological and ecological concepts and theories of reproduction of spe-
cies, primary production of biomass in ecosystems, autopoiesis of living 
systems, and maintenance of ecosystems:  Th ese theories complement the 
sociological theories discussed in Chap.   2     and provide knowledge for 
the core of the social-ecological theory (theme 1 in Table  3.1 ). Th e 
interdisciplinary knowledge synthesis includes diff erent forms: empir-
ical forms of synthesis, for example, with the analysis of ecosystem 
services for humans and society, and theoretical synthesis in forms of 
social-metabolic profi les and regimes from social-ecological research. 
Th e biological theory of autopoietic systems is also applied to social 
systems, but remains controversial in the social-scientifi c discourse; in 
biological theory, it has the role of a theory of reproduction in the 
sense of chemical processes that maintain living cells. An attempt to 
translate ecological ideas of reproduction into principles for the 
organisation of human economy and natural resource use has resulted 
in a simple model of circular economy that is formulated in analogy 
to circular processes of production, consumption, and reduction in 
ecosystems: the dysfunctionality of modern economies is seen by 
their lack of a reduction function as they give waste back to nature. 
Th e complexity of economic reproduction in modern capitalism can-
not be analysed with this model, but the analysis of reduction func-
tions can be connected with economic analyses of reproduction and 
accumulation.   
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   2.     Important for a theory of nature–society interaction, but not for its core, 
are the theories of complex adaptive systems, ecosystem functions and man-
agement, or global environmental change from which the interdisciplin-
ary thinking in ecology develops.  Th ese theories describe nature–society 
interaction insuffi  ciently. Th e research on these themes makes a sig-
nifi cant part of ecological and environmental research, providing 
knowledge complementary to the systems analysis of SES. Th e ecosys-
tem processes analysed in this research cannot replace theories of pro-
duction and reproduction, but become relevant in analyses of global 
change where the theoretical analyses of system maintenance need to 
be transferred into analyses of system transformation. Th ese theories 
of transformation can be divided in two groups: some describe ecosys-
tems, their functions and processes theoretically (global environmen-
tal change, complex adaptive systems, co-evolution), whereas others 
translate ecological knowledge into managerial practices of resource 
use (ecosystem management and governance).  Complementary to the 
transformation theories is the theory of planetary boundaries of resources 
under development . It is not yet an explanatory theory, rather a theo-
retical classifi cation of the limits of natural resource use for developing 
such a theory, based on measurements that deliver information to for-
mulate such a theory.    

  Th e  interdisciplinary theories  mentioned in Table   3.1  (themes 6–14) 
can be divided into four groups of more or less important ones for the 
social-ecological theory, in diff erent forms connected to the core of this 
theory:

    1.    Analyses of  societal metabolism  discussed in human, social, and politi-
cal ecology develop as an integrative core of the social-ecological the-
ory of nature–society interaction. With the term “societal metabolism” 
are the conceptual and explanatory components formulated that con-
nect social and ecological theories of production and reproduction 
and theories of global social and environmental change.   

   2.     Th eories of ecosystem services, of vulnerability, resilience, and sustainability  
work with assumptions and hypotheses about the relations and inter-
actions between nature and society at the level of specifi c ecosystems. 
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As operational theories, they conceptualise interaction processes 
between social and ecosystems based on ecological research that is so 
far badly connected to sociological research. Th ey include preliminary 
and undeveloped forms of theory and hypothetical assumptions that 
need to be verifi ed through further research and theoretical codifi ca-
tion to dissolve contradicting interpretations of the processes of inter-
systemic exchange and interaction of SES.   

   3.     Th eories and frameworks of co-evolution and of coupling of social and 
ecological systems  as specifi c theories of SES describe forms and condi-
tions of interaction, communication, knowledge exchange, or cou-
pling between diff erent types of social or ecological systems. Th ese 
theories and frameworks connect to the systemic reproduction and 
societal metabolism operating through SES.   

   4.     Ecological anthropology, ecological economics, and industrial ecology  are 
examples for interdisciplinary approaches combining social and eco-
logical knowledge. Th ey are less used for the formulation of a theory 
of the societal relations to nature in modern society and more for 
research on specifi c economies or cultures and their modes of resource 
use. Th is research provides empirical knowledge for the broader the-
ory of nature–society interaction but does not provide knowledge for 
its conceptual framework.    

  With this discussion of ecological theories, it seems possible to com-
plete the overview of sociological and ecological components of an 
interdisciplinary social-ecological theory. Th e following epistemological 
refl ections describe possibilities of improving the development of social- 
ecological knowledge integration in ecological research.  

    Shifting the Limits of Ecological Research on Nature–
Society Interaction 

 Research in ecology shows a series of limits and diffi  culties that block—
as consequences of disciplinary specialisation—the formulation of a 
broader social-ecological theory. Th e attempts to formulate with ecologi-
cal knowledge a theory of nature–society interaction refl ect this thematic 
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limitation and specialisation in the concepts used and in the knowledge 
excluded. Th ese attempts develop from specialised research, using pre- 
theoretical concepts, models, and frameworks. Th e following epistemo-
logical and methodological refl ections refer to possibilities to shift the 
limits of ecological research on SES through knowledge syntheses.

    1.     Interdisciplinary research and theory developed slowly and in limited 
fi elds of ecology.  Th ese fi elds are applied research (such as that on vul-
nerability, resilience, sustainability) or marginal and heterodox sub-
jects (such as human, social, and political ecology). Interdisciplinary 
research developed rapidly in the past decades, with the aggravation of 
environmental problems and the emergence of environmental policy 
and environmental movements (Jamison  2001 ). Th e attempts to inte-
grate knowledge and formulate interdisciplinary concepts and frame-
works in ecology began with pre-theoretical refl ections of nature–society 
relationships in models and conceptual frameworks. As the late 
attempt by Scheiner and Willig ( 2011 ) shows, these models did not 
developed into broader and general theories in ecology. Th e new the-
ory of Scheiner and Willig does not direct towards an interdisciplinary 
theory of nature and society; rather it remains within the scope of 
conventional ecology as natural-scientifi c discipline that studies the 
development of ecosystems. Limits of ecological theorising show espe-
cially in the few concepts used (e.g. space and time) to describe inter-
systemic processes in SES. No attempts have been made to work with 
theoretical concepts from the social sciences in the analysis of humans 
in ecosystems, although there is some awareness of the limits of eco-
logical or natural-scientifi c concepts for the analysis of social action or 
environmental policy as the discussion of vulnerability and resilience 
below (following section) describes. Th e fi rst requirement of an inter-
disciplinary social-ecological theory is to formulate the core concepts 
and theorems of this theory. Th is can be done by comparing, systema-
tising, and classifying the ecological and sociological concepts used to 
describe social and ecosystems.   

   2.     With the notion of SES the possibilities in ecological research develop to 
analyse more systematically the forms of the interaction of social and eco-
logical systems.  More complex forms of spatial and temporal relations 
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are identifi ed, but do not yet reveal the complexity of processes in 
societal systems and their eff ects on ecosystems. Th e spatio-temporal 
processes studied are identifi ed in ecosystems: phenomena of global 
environmental change, multi-scale processes of networking and nest-
ing of ecosystem management, transboundary fl ows of matter, energy 
and information between systems, material cycles, and the temporal 
patterns in biological processes of growth—cyclical and seasonal pro-
cesses in the short run and the longer adaptive cycles. Th e refl ection of 
knowledge integration ends at the point where it becomes necessary to 
apply specialised social-scientifi c terms and knowledge to analyse 
development and changes in SES in their social complexity (a rare 
example in ecological research for a methodology to assess the func-
tional (mis)fi t of institutions and ecosystems to identify defi cits of SES 
governance: Ekstrom and Young  2009 ). Th is defi cit includes analyses 
of the power relations in complex political and economic systems, of 
human power over nature (called in social ecology “colonisation of 
nature”), and of socially structured processes of natural resource use in 
agricultural and industrial production. Th e advances in ecology hap-
pened more through creating new areas of specialised ecological 
research such as resilience or ecosystem services instead of opening the 
research for interdisciplinary knowledge synthesis.   

   3.     Th e main epistemological problem  in the interdisciplinary knowledge 
synthesis for SES is that social and ecological processes are of a diff er-
ent nature. Th eir conceptualisation develops with diff erent ontologies 
and epistemologies that confi rm an irreconcilable separation of the 
social and natural sciences. A new integration of knowledge requires 
more than postulates and assumptions as those in the ecological dis-
course where humans are seen as dependent from nature and the 
 biological necessities of reproduction of life. Th e theoretical develop-
ment of the concept of SES requires its systematic connection to social 
and ecological research and classifi cation of forms of the coupling of 
social and ecological systems (see Chap.   5    ). Th e theoretical analysis 
begins when the historically varying forms of interaction between 
society and nature and the social transformation of nature in diff erent 
forms of society is reconstructed. A historically specifi ed theory is nec-
essary to explain the forms of social and environmental change that 
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are studied in environmental and ecological research with the general 
assumption that the changes of climate, biodiversity, land use, land-
scapes, and ecosystems are man-made. Such a general assumption is 
not suffi  cient to understand the manifold and specifi c forms of inter-
action between social and ecological systems. Th is diversity cannot be 
reconstructed with empirical knowledge from ecological case studies 
either: these case studies continue to work with pre-theoretical con-
cepts. Th e interdisciplinary knowledge culture required for a social-
ecological theory is challenged to develop knowledge bridges between 
natural and social sciences with the construction of an epistemological 
meta-theory of nature–society interaction. Such an epistemological 
theory develops from older discourses of societal relations with nature 
and historical materialism.   

   4.     Not all ecological research is epistemologically refl ected  and framed in 
theoretical concepts as Ostrom’s research which developed with the 
unfolding of social ecology. Often the established terminology of sys-
tems theory and conceptual modelling is used, assuming that this is 
suffi  cient for interdisciplinary research. Th e shortcomings can be seen 
in the example of the conceptual model of the adaptive cycle for ana-
lysing ecosystem dynamics (Gunderson and Holling  2002 ). Th e adap-
tive cycle models four phases of ecosystem development, distinguishing 
between adaptive and transformational change and the assumption 
that social and ecological systems are continually changing. Th is model 
is only a fi rst step towards a theoretical analysis of the dynamics of SES 
and its generalisation as a conceptual model for SES dynamics; it has 
the consequence of reducing the complexity of nature–society interac-
tion to the few things that can be found out from the study of ecosys-
tem development. Change is conceptualised in a cyclical temporal 
structure, describing ecological processes and ecosystem dynamics in 
which the social system dynamics appear as subordinate processes. 
Also in the elaborate form of iterative adaptive cycles in a continued 
sequence of adaptive and transformative change of ecosystems, the 
model is too simple to capture social system processes. Th ese processes 
are strongly infl uenced by two determinants: 
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 –     Th e human capacities of action and agency, anticipation, and plan-
ning, and  

 –   the systemic constitution of modern society with complex power 
relations in political and economic systems.        

 According to these refl ections, the construction of an interdisciplinary 
social-ecological theory is confronted with two shortcomings:

 –    E cological research underuses social-scientifi c knowledge  from the 
complex theories of modern societies.  

 –    Sociological and social-scientifi c research underuses ecological knowl-
edge  when it comes to the study of nature–society interaction.    

 In ecology, Carpenter and Folke ( 2006 ) summarised interdisciplinary 
ecological research in some ideas that show the limited aspiration of eco-
logical theorising as applied research. Ecology is seen as

 –    improving the understanding of benefi ts that humans obtain from 
ecosystems (ecosystem services), contributing to

•    the development of environmentally sound technologies;  
•   the development of markets for ecosystem services; and  
•   decision-making that accounts for the changing relationship 

between humans and ecosystems—including research on resil-
ience and reaction to disasters.       

 A research programme of this kind can easily be adapted to the neo-
liberal ideas of environmental policy that are not refl ected in this descrip-
tion, but seem to have infl uenced its formulation. Th e interdisciplinary 
collaboration among ecologists, social scientists, and decision-makers is 
envisaged in ecology for the formulation of positive, plausible visions 
of the relationships between society and ecosystems in the long-term 
perspectives of sustainability (Carpenter and Folke  2006 : 309). Th is 
understanding of ecology’s role in interdisciplinary research reduces the 
analysis of the interaction between society and nature to visions that do 
not require a theory of the kind discussed here. It seems necessary to 
develop more theoretical forms of SES analysis:
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 –     An interdisciplinary social-ecological theory requires the use of social- 
scientifi c knowledge when it comes to the systems analysis of modern 
society, economy, and politics.   

 –    Th e nature of the social-ecological theory under construction is not that 
of a general theory in ecology nor that of a general sociological theory of 
society. Its form is that of a historically specifi ed theory of nature–society 
interaction, and its function is that of consolidating interdisciplinary 
knowledge through methodologically guided syntheses.     

 For the further elaboration of the social-ecological theory it is neces-
sary to assess the development of interdisciplinary and theoretical knowl-
edge synthesis in sociology and ecology.

 –    Simple forms of knowledge synthesis include the use of empirical 
knowledge from diff erent disciplines as, for example, in cultural 
and ecological anthropology. Such knowledge transfer does not 
always imply synthesis in the sense of combining datasets as in sta-
tistical meta-analysis. It can also be done by showing complemen-
tarity of knowledge from diff erent fi elds of research in a more 
complete picture of a problem.  

 –   Another widespread form of synthesis is concept transfer, where 
single ecological concepts are used for studying social systems, or 
for connecting social and ecological systems analysis as in the notion 
of SES.  

 –   Further developed is interdisciplinary synthesis in the form that a 
theory from one discipline is used in another discipline or more 
disciplines. Examples for that are the use of thermodynamic physi-
cal theory in ecological economics, and older forms of evolutionary 
theory in sociology. Such attempts of framing a social-scientifi c 
 discipline with a theory from natural sciences remain controversial 
in the ecological discourse showing that theory transfer between 
social and natural sciences has rarely succeeded.  

 –   A more advanced and rare form of interdisciplinary synthesis is the 
construction of interdisciplinary theories in form of new interdisci-
plinary theory with knowledge from diff erent disciplines. Th is is the 
form of interdisciplinarity followed in the construction of a theory 
of nature–society interaction.    
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 All these forms of knowledge synthesis are not as epistemologically and 
methodologically structured as, for example, the method of progressive 
synthesis described by Ford ( 2000 ) for ecological research. Th ey imply 
preliminary forms of synthesis that can be successively improved through 
epistemological refl ection. 

  Th e themes vulnerability, resilience, and sustainability  discussed in the fol-
lowing parts of the chapter were developed in recent ecological research. 
Th is research fi lls knowledge gaps in ecology and complements the social- 
scientifi c research on dynamics and changes of interacting social and eco-
logical systems. In the theoretical context of a social-ecological theory, 
these analyses provide relevant knowledge to identify possibilities and 
hindrances of a societal transformation to sustainability. Improving the 
search of potential transformation paths towards sustainability requires 
the theoretical analysis of system mechanisms, of modes of production 
and reproduction of coupled social and ecological systems, of societal 
metabolism and of planetary boundaries of natural resource use.   

    Bridging Concepts in Social-Ecological System 
Analyses: Vulnerability, Resilience, 
and Sustainability 

 Th e term bridging concept is understood in diff erent ways. Here it is 
used by describing its epistemic functions in ecological research as that 
of creating knowledge connections between diff erent disciplines and 
between science and practice (Baggio et al.  2015 ). In the reconstruction 
of the processes that form the changing societal relations with nature it 
should be found out to what extent these relations

 –    require interdisciplinary concepts;  
 –   can be regulated by managerial and political decisions;  
 –   require further analyses of non-manageable processes of change to 

understand the varying relations between nature and society.    

 Th e problems in managing and regulating SES are environmental ones 
in the broad sense, including overuse of natural resources, environmental 
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pollution, modifi cation of ecosystems, and global environmental change. 
Regarding these problems the environmental historian McNeill ( 2001 ) 
formulated “there was nothing like the twentieth century” in human 
history—in terms of exponential growth of resource use and environ-
mental disruption. Th e environmental problems create in their complex 
interaction the eff ects that ecological research shows as unexpected and 
surprising events, as limits of knowledge that make foresight, planning, 
management and control impossible. Th is is the widespread view in 
ecology, repeated by Scoones ( 1999 ). Whether these knowledge limits 
are fi nal or temporary is disputed. With the elaboration of the social- 
ecological theory, it is assumed that the limits can be shifted

 –    through further research on vulnerability, resilience, and sustain-
ability that shows potential forms to deal with social and ecological 
change, adaptation, disturbance, and transformation;  

 –   through interdisciplinary and theoretical synthesis of knowledge 
about nature–society interaction.    

 Th e recent research on vulnerability, resilience, and sustainability in 
SES provides material for a theory of dynamics to specify the interaction 
of nature and society. Th is research adds knowledge to the understand-
ing of global change and to sociological analyses of societal relations with 
nature. Although most ecological researchers analysing vulnerability, 
resilience, and sustainability are not aiming at a social-ecological theory 
of nature–society interaction, it is their research that provides ecological 
knowledge for this theory. Th e older theories of human transformation 
of nature in variants of historical materialism and the newer theories of 
urban, industrial, and societal metabolism can be connected with this 
recent ecological research to a theory of transformation to sustainability 
under conditions of global change. 

 Analyses of vulnerability and resilience develop through the broaden-
ing of risk analyses by attempting to account for potential consequences 
of human action and events in the unknown future. Th e terms and their 
interpretation are seen as confusing and requiring further clarifi cation 
by Mumby et  al. ( 2014 ), but the authors do this only for the limited 
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purpose of ecosystem management, bypassing theoretical refl ection. In 
a preliminary diff erentiation, the terms can be used for the development 
of a social-ecological theory as follows: vulnerability describes the present 
situation (or the situation before changes in forms of adaptation or trans-
formation happened), resilience the future in a short-term, and sustain-
ability in a long-term perspective.

 –     Vulnerability analysis  shows the sensitivity and exposure of persons, 
social groups and systems regarding risks and disturbance; it can be 
seen as supplementary to social-scientifi c analyses of inequality and 
poverty and their origins.  

 –    Resilience analysis  shows the ability of social and ecosystems to cope 
with disturbance and to adapt to changed situations without col-
lapsing; it can be seen as supplementary to social-scientifi c analyses 
of risks and disturbance created by humans in social systems and 
similar to robustness, a term from engineering and control theory 
to describe the capacity of a system to maintain a desired state 
despite fl uctuations in internal components or the environment 
(Mumby et al.  2014 : 24).  

 –    Sustainability analysis,  in a specifi c meaning as ecological sustain-
ability connecting to the limited availability of natural resources, 
shows possible pathways for the transformation of coupled social 
and ecological systems to maintain their functions and develop-
ment capacity in the very long run; it can be seen as complementary 
to social-scientifi c analysis of transformative capacities of social sys-
tems in modern economy and society.    

  Analyses of vulnerability, resilience, and sustainability can in the theo-
retical perspective of the social-ecological theory be connected to each other: 
vulnerability analysis creates knowledge for resilience analysis, and resilience 
analysis provides knowledge to formulate conditions for transition to sustain-
ability.  Th is interpretation of the concepts and their interconnection is 
discussed in more detail in the following parts of the chapter. Th e inter-
pretation is compatible with some forms of using these terms in ecologi-
cal research, but not with all. 
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    Variants of Vulnerability 

 Social and ecological analyses of vulnerability use this term that exposes 
its metaphoric character from a concept transfer. Th e health-related 
semantic is still visible in the connotations of weakness and exposure to 
risks and dangers. From fi elds of applied research as poverty abatement 
(Cafi ero and Vakis  2006 ) and risk research (Rossignol et al.  2014 ) the 
term vulnerability spread in environmental research and so far with little 
theoretical refl ection. Related to environmental problems, ecosystems, 
and ecosystem processes, the notion of vulnerability implies sensitivity 
and exposure to natural disasters as a presupposition for understanding 
and mitigating disasters (Bankoff  et al.  2004 ). Subjects of vulnerability 
are human or social subjects (individual persons, households, commu-
nities, organisations, social groups). In environmental and ecological 
research not only humans appear as vulnerable to disturbance, for exam-
ple, through climate change, but also places and areas, ecosystems or 
biomes, SES, and the whole earth system. 

  Th e following three attempts to specify the meanings of vulnerability in 
ecological research cover relevant variants of the term: 

    1.     Vulnerability to climate change  is reviewed by Fellmann ( 2012 ) and 
shows that its clarifi cation is reduced to defi nitions and methodologi-
cal questions of terminology by ignoring theoretical discussion in the 
context of SES analysis. Th e literature provides a variety of defi nitions 
for vulnerability in the climate change discussion, mostly depending 
on the disciplines of their origin. Fellmann concludes: because of the 
variety of interpretations and concepts of vulnerability, the term 
should be explicitly defi ned for each application. Regarding vulnera-
bility to climate change, he found two basic versions of vulnerability 
in ecological contexts. Th ese include biophysical or ecological forms 
of vulnerability and socio-economic or social forms of vulnerability, 
simplifi ed in the formula “biophysical vulnerabilities + socioeconomic 
vulnerabilities = climate vulnerability + likelihood = climate risk” 
(Fellmann  2012 : 46). Th is way of interpreting the vulnerability con-
cept is more oriented to application and practices of policy and 
resource management than to elaborating theoretical concepts.   
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   2.     Further views and meanings of vulnerability are found in analyses and 
assessments of climate vulnerability.  Vulnerability in climate change lit-
erature is underpinned by numerous theoretical ideas from diff erent 
disciplines resulting in diff erent understandings of vulnerability and 
diff erent methodological frameworks for its assessment. Th e many 
variants helped to frame and shape diff erent understandings of vulner-
ability and to defi ne the conceptual and analytical elements consid-
ered as critical in any climate change vulnerability assessment:  the 
specifi c SES for place-based analysis, scales of analysis, key components of 
vulnerability, causal structures of vulnerability, dealing with uncertainty, 
multiple perturbations, diff erential vulnerability across social groups, his-
torical and prospective analysis, and engaging stakeholders  (Soares et al. 
 2012 : 6). Th is description, which implies that vulnerability cannot be 
reduced to one version, remains a pluralistic concept.   

   3.     An example for a widespread ecological application of the vulnerability 
term is  the calculation of the environmental vulnerability index (EVI) 
for all countries and geographical areas of the world .  Th is index, which 
includes subindices (hazards, resistance, damage) and fi fty indicators 
(referring to climate change, biodiversity, water, agriculture and fi sher-
ies, human health aspects, desertifi cation, exposure to natural disas-
ters), seems to show all diffi  culties with the vulnerability concept, its 
elasticity, and multiple meanings discussed so far. Th e purposes of 
applying vulnerability analyses in policy and resource management 
diff er from theoretical refl ection of the concept in two points: 

 –     In policy processes, vulnerability analyses aim to create capacities of 
agency by developing strengths and capacities of actors and systems.  

 –   For that purpose a simple diff erentiation between vulnerability and 
resilience is used: vulnerability refers to exposure to risks and the 
 possibility of being damaged, whereas resilience means the oppo-
site—the ability to resist and to recover from damage.    

 Th is diff erentiation between vulnerability and resilience applies to 
physical entities (people, ecosystems, coastlines) and to social entities 
(social systems, economic systems, countries). For the construction of 
the EVI, risks and hazards are measured in the same dimensions, social, 
economic, and environmental—as in the use of the term of sustainability 
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in international policies, for which a similarly constructed environmen-
tal sustainability index (ESI) exists. Th e results of the EVI calculation are 
not surprising in the message that nearly all industrialised countries 
except Australia and Canada are in a fragile state from vulnerable to 
extremely vulnerable; this mirrors the excessive use of natural resources 
in the national economies. Th e fewer countries classifi ed as resilient or 
at risk are the mainly poor and least developed countries.    

  Regarding the connection of vulnerability analyses to a theory of 
nature and society the conclusion is twofold:

    1.     Th e main advantage of applying the term vulnerability can be seen in 
more diff erentiated analyses of inequality, risks, and exposures than with 
the limited concepts of poverty or access to resources.  Th is applies to the 
social and ecological meanings of vulnerability and their further speci-
fi cation for diff erent subjects and systems. Th e empirical knowledge 
gains from vulnerability analyses in terms of improved diagnoses; dif-
ferentiated analyses and explanations of interactions between social 
and ecological systems are theoretically insignifi cant in vulnerability 
analyses. Th e term is useful for a theory of nature–society interaction 
only in combination with resilience and sustainability analyses.   

   2.     Vulnerability is a bridging concept for utilisation in applied research, vul-
nerability assessment, environmental policy, and natural resource manage-
ment.  Th e concept is bridging between social-scientifi c and ecological 
knowledge, between science and policy or practice, and it helps to 
specify the action capacities of diff erent actors. Together with the 
terms of resilience and sustainability, it makes the “ecological trinity” 
of transdisciplinary concepts in the sustainability discourse. 
 Vulnerability analyses gain explanatory capacity by integration with 
resilience and sustainability analyses, but vulnerability does not 
become a general theoretical term that explains the interaction of SES.      

    Variants of Resilience 

 Like vulnerability resilience includes social and ecological meanings. 
Th e social meanings of resilience are to a large degree disconnected 
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from ecological meanings: resilience in social psychology, for purposes 
of education, and in the contexts of social work refers to the capacity of 
humans to maintain balance and regain well-being after psychic shocks 
or traumata, disease, discrimination, and exposure to violence (Ungar). 
In ecological research, three variants of the concept are used specifying 
the basic meanings of recovering from shocks and adaptation: ecologi-
cal resilience, social-ecological resilience, and social resilience (details: 
see the Appendix). Th e critical refl ection of these variants has come 
to the point that the diff erent forms of resilience may be contradict-
ing  and  complementary. For social systems the terms resilience may be 
inadequate because of refl ection capacities of humans and the resulting 
complexities of social action. At this point of developing towards an 
interdisciplinary theory, the ecological theorising stops. 

 Ecological resilience research has been criticised as “disastrous subject” 
(Reid  2012 , with further references) supporting a neoliberal variant of 
sustainability that favours the deregulation and privatisation of economy 
and natural resource use. Resilience is interpreted as replacing security 
in the political discourse. With this broader ecological concept, it seems 
easier to argue against state-led development and for community-based, 
local, and self-reliant development  without using political arguments . 
Th e multiple meanings, the inexactness, and the semantic elasticity of 
the ecological concept of resilience appear as veiling the political con-
sequences of sustainable development. In this reasoning, the ecological 
debate of resilience “colonialises” the social and political development 
discourse and needs to be countered by a refl exive strategy of sustain-
ability that defends the political against its neoliberal occupation and 
instrumentalisation (Reid  2012 : 77f ). Th e critical debate is useful for 
showing possible consequences of resilience and sustainability research 
in the political discourse and process and for reinterpreting sustainabil-
ity. Nevertheless, the utility of this critique is limited; it (mis)directs the 
sustainability and resilience debates towards politics and governance and 
neglects the understanding of resilience and sustainability as broader 
social-ecological processes that include managed and non-managed com-
ponents. A critique of state-dependent modernisation does not necessar-
ily argue with neoliberal ideas of the kind that private enterprise, private 
property rights, deregulated markets, and the lean state are conditions 
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for the success of further development and modernisation. Also many 
environmental movements and actors do not support such arguments 
as Reid shows. Th is critique has similarities with older forms of critique 
of political ideology; it does not allow to reconstruct the complex pro-
cesses in modern society and its interaction with nature for reformu-
lating resilience and sustainability. Th ese processes require broader and 
interdisciplinary theoretical analyses and refl ections of nature–society 
interaction—beyond politics and governance. Th e ideological message 
of neoliberalism, that there is no alternative to the marketisation, mon-
etarisation, and commercialisation of social relations and relations with 
nature can be countered by showing its selective knowledge use. 

 Th e  search for alternatives to the neoliberal mainstreaming of the environ-
mental discourse  is part of the discussion of resilience in social-ecological 
research that can be described with the following requirements:

    1.     Diff erent and contradicting interpretations of the resilience term should be 
classifi ed  to make visible the pluralistic quality of the concept that 
causes confusion when the term is applied for diff erent system types, 
social and ecological systems. To diff erentiate systematically between 
the variants of social and ecological resilience and to describe their 
interrelations would be useful to create further theoretical clarity for 
the formulation of system-specifi c concepts of resilience.   

   2.     Ecological variants as engineering or ecosystem resilience imply limited 
forms of adaptation.  Reaction and feedback mechanisms create resil-
ience in ecosystems without requiring human subjects and action 
capacity. Resilience in this meaning cannot be applied for the analysis 
of societal change and adaptation, unless society is reduced to a 
 self- regulating system of the kind of automatons. Human capacities of 
knowledge use, action, agency, anticipation, and planning become rel-
evant in the notions of social and social-ecological resilience where 
they may be described with additional terms as robustness. Social- 
ecological resilience requires a reconstruction of the interplay of social 
and ecological mechanisms in resilience.   

   3.     As long as resilience analysis is limited to ecological and social-ecological 
resilience, the contradicting requirements of diff erent forms of resilience 
are not fully discovered , although between ecosystems resilience and 
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social-ecological resilience contradictions can be found. Major contra-
dictions appear between social and ecological resilience; ecological 
resilience can be seen as socially negative or unwanted (Adger  2000 ). 
Such critical refl ections in resilience research (to deal with contradic-
tions) are limited. Further, theoretical refl ection with social-scientifi c 
knowledge is required to interpret the contradictions and to connect 
the analyses of vulnerability, resilience, and sustainability in a  coherent 
theoretical perspective.    

      Sustainability Research 

 Th e theoretical reconstruction of the transformation of modern society 
to sustainability is discussed in detail in Chap.   4    . Here only connections 
of empirical analyses of vulnerability, resilience, and sustainability are 
described in methodological perspective to prepare the theoretical syn-
thesis. Sustainability is the most complicated theme and term to deal 
with in social-ecological research. Yet, most defi nitions of sustainability 
are simple and bypass theoretical formulation and contextualisation; they 
do not highlight the capacities required to maintain social and ecosystems 
over long time periods, and they are usually formulated in the indefi nite 
form of “future generations”, not specifi ed in more concrete time frames 
and with regard to transformations of social systems and SES. To clarify 
the concept further requires analyses of complex social and ecological sys-
tems and their interaction and criteria to assess sustainability as condition 
of continued functioning of SES. 

 For purposes of SES analysis, sustainability can be seen as the over-
arching concept that directs the use of the concepts of vulnerability and 
resilience in integrated analyses. Th is assumption for integrating the three 
forms of analysis cannot be derived from the practice of using the terms 
in research and resource management, and it requires theoretical argu-
ments: there is always a plurality of contrasting terms in use. Th e theoret-
ical argument developed in the theory of social-ecological transformation 
(see Chap.   4    ) is that sustainability requires a transformation of the soci-
etal and economic system with a new socio-metabolic regime or mode 
of production which cannot be achieved in the perspective of resilience 
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that requires only adaptation as another kind of and much more lim-
ited change (see also Chap.   7    ). Integrated analyses are mainly practised 
in global scenarios of possible transitions to sustainability. Th e scenarios 
require joint conceptual frameworks and further theoretical refl ection 
of sustainability in terms of transformation of modern society, bringing 
social-scientifi c knowledge about modern society in this debate. With the 
integration of the three kinds of analysis, sustainability can be connected 
to the theory of nature and society where it has the function to provide a 
knowledge compass for potential forms and successive steps of transfor-
mation under conditions of global change. 

 From this overarching perspective, resilience and vulnerability can 
be mapped backwards by specifying the meanings of resilience and vul-
nerability that are compatible with the social-ecological sustainability 
perspective. Whereas the function of bridging concepts with multiple 
meanings can be maintained, the theoretical framing and structuring 
requires the prioritisation of certain meanings to construct a perspec-
tive of societal transformation. Temporal perspectives of action for each 
term can be specifi ed to avoid, as in some variants of resilience research, 
the reduction of sustainability to a form of systems change that requires 
mainly resilience. When the specifi c meaning of transformation as trans-
formation of society and of societal metabolism is eliminated from SES 
analysis, the debate of sustainable development tends to become super-
fl uous. Th e long-term perspective required for sustainable development 
can be specifi ed further by connecting the social-scientifi c knowledge 
about the transformation of societal systems with ecological research on 
resilience and sustainability. Social systems do not follow the logic and 
 functionality of ecosystems. Also when both system types are seen as cou-
pled and societies as embedded in ecosystems, there remain diff erences 
that are specifi ed in the social-scientifi c theory. 

 Th e shortcomings of the sustainability debate that block its further 
development in interdisciplinary social-ecological perspectives can in 
an exemplary way be shown in the global scenario debate. Th is debate 
reduces the formulation of potential trajectories of sustainable transfor-
mation to a methodology of envisioning the future. Scenario analysis 
indicates the further knowledge requirements in theoretical refl ection 
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of sustainability (see Chap.   4    ). Limits of scenario analysis can be sum-
marised as follows:

    1.     Scenarios of global sustainability are often working with a dramatic rheto-
ric implying warnings of catastrophes as described in the “limits to 
growth” — discourse.  An example is that of Gerst et al. ( 2014 ) arguing 
that humanity confronts two challenges in the twenty-fi rst century: 
meeting widely held aspirations for equitable human development 
while preserving the biophysical integrity of the earth system. 
Quantifi cations of trends and future states that address the sustain-
ability challenges do not systematically account for diff erent environ-
mental and social drivers of global change instead relying on 
quantifi cation methods that exclude fundamental social, cultural, eco-
nomic, and technological changes that infl uence the possibilities of 
transitions to sustainability. For the formulation of several possible 
trajectories of transformation, three hitherto separate streams of 
inquiry are connected by Gerst et  al.: scenario analysis, planetary 
boundaries, and targets for human development. None of these are 
theoretically developed, but at least they advance with regard to inter-
disciplinary knowledge integration. Th e progress in the discussion is 
shown in scenarios that remain within the earth’s safe biophysical 
operating space and achieve a variety of development targets—this 
seems signifi cant for formulating improved forms and options for 
transformation to sustainability in the political discourse. 

 As the authors argue, dramatic social and technological changes are 
required to avoid the social-ecological risks of a conventional develop-
ment trajectory—the zero-variant of most sustainability scenarios in 
terms of “business as usual”. A second narrative, which is predomi-
nant in the scenario literature, envisions marginal changes in the social 
and cultural drivers underlying conventional growth trajectories. Th is 
variant requires unprecedented intensity and success of international 
cooperation, alignment of powerful confl icting interests and confl ict 
resolution, and high political power to direct technological change 
towards sustainability—assumptions that do not seem realistic regard-
ing established global power relations and vested interests. A third 
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variant is the coupling of transformative social-cultural and techno-
logical changes, which formulates more systematically the necessary 
conditions for transitions towards resilient and sustainable global 
futures (Gerst et al.  2014 : 123). 

 With the industrial revolution, conditions of discontinuous change 
have been created for human resource use resulting in exponential growth 
in modern society. At the beginning of the twenty-fi rst century, the eff ects 
of industrialisation on the future development of modern society and on 
ecosystems can be described with regard to the knowledge about the state 
of the earth and the limits to growth: global industrialisation is impossi-
ble because of limited availability of natural resources. Th e concrete forms 
of transformation cannot be suffi  ciently foreseen. Under these condi-
tions, plausible narratives can be formulated to show the contours of 
resilience and sustainability of the global society and the earth system:

 –    Scenarios of policy reform may be possible, but probably disrup-
tive and transformative social and technological changes are 
required other than in the historical transition from agricultural 
to industrial society.  

 –   For the future planetary phase of human history Gerst et  al. 
assume the necessity of a great transition: a shift in the develop-
ment paradigm and a restructuring of the global economy under-
pinned by a fundamental change in values, a sharp demographic 
change through reduction of population growth, and a strength-
ening of institutions of global governance and massive techno-
logical change (Gerst et al.  2014 : 132).    

 With this scenario analysis, the authors come close to a social- ecological 
analysis of transformation of the industrial metabolic regime.   

   2.     Th e limits of the scenario method for sustainability  analysis appear in 
paradigmatic form with the example from Gerst et al.: scenarios use 
mainly normative information about unwanted, wanted and possible 
futures, only to a limited degree theoretical knowledge for the con-
struction of pathways of future development. Th is is comfortable for 
the policy discourse of sustainability and for decision-makers: it avoids 
a complicated theoretical analysis and refl ection through simpler sets 
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of coherent assumptions and narratives. However, it reduces the con-
struction of possible transition pathways through selective and frag-
mented knowledge about modern society. Th erefore, improved 
scenarios should be informed through knowledge about modern soci-
ety and from social-ecological theory. Yet, scenarios alone do not allow 
to deal with the transformation problems. Th e authors discuss rele-
vant questions of sustainability, and those of systems transformation, 
but they do so without using available theoretical knowledge from 
theories of society, economy, and ecosystems to discuss the problems, 
possibilities, and limits for transitions to sustainability. Th is seems to 
characterise large parts of the political sustainability discourse. 
Sustainability or sustainable development is discussed up to the levels 
of visions and empirical knowledge about the present system state. 
Excluding important knowledge from theories about nature and soci-
ety, they show the possibilities and limits of transformation more 
through guesses than through theoretical information.    

  Th e further discussion of sustainability requires

 –    knowledge and ideas of possibilities to transform industrial society 
and its societal metabolism;  

 –   methodological integration of vulnerability, resilience, and sustain-
ability analyses (see Appendix);  

 –   developing a theory of transformation to sustainability under con-
ditions of global change.    

 Th ese three requirements are discussed in the following section as 
components of the social-ecological theory that develop from ecological 
research described in this chapter.   

    Connecting Vulnerability, Resilience, 
and Sustainability to Social-Ecological Theory 

 Th e conditions to connect analyses of vulnerability, resilience, and sus-
tainability for their use in an interdisciplinary social-ecological theory 
can be summarised as follows: 
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  Vulnerability  is a broad and multi-dimensional concept with many 
specifi c forms that describe defi cits and lack the capacity of social actors, 
social and ecological systems to deal with social and environmental risks, 
problems, and turbulences. Integrated analyses can work with various 
meanings of vulnerability, but the environmental problems and global 
environmental change need to be specifi ed to describe vulnerability in 
SES. Such integrated vulnerability analysis provides knowledge for react-
ing to environmental problems and risks to which analyses of resilience 
and sustainability add further knowledge about adaptation and transfor-
mation of social and ecological systems. 

  Resilience  is specifi ed in SES analysis through the basic meaning of a 
capacity to cope with disturbances either by maintaining a given system 
state or by rebalancing a system at another level of functioning that may 
include less favourable conditions for further development of social and 
ecological systems. Th e diff erences of ecological, social-ecological, and 
social resilience are maintained in integrated analysis, although not all 
forms have the same relevance. Ecological and social-ecological resilience 
imply capacities to cope with environmental disturbance and adapta-
tion to global environmental change; these capacities are required for 
sustainability. 

  Sustainability  as a capacity of multi-scalar social and ecological sys-
tems to maintain the necessary functions and reproductive require-
ments of both systems in the long run, over generations, was specifi ed in 
social, economic, and ecological sustainability in the political discourse 
of sustainable development. Th ese aspects are not complementary. Th e 
long-term maintenance of society, economy, and ecosystems requires 
to maintain diff erent kinds of structures and orders in combined SES: 
diff erent cultural orders in global society, functioning of global struc-
tures and processes in political and economic systems, and maintaining 
of functions of ecosystems at diff erent scales. Th e systemic interactions 
of modern society—its diff erent cultural orders, the modern economic 
world system, the SES which show the specifi c forms of interaction of 
nature and society, and the ecosystems that constitute the earth system—
cannot be maintained and regulated in one mode of governance. Th is 
complex intersystemic organisation requires integration of environmen-
tal governance at diff erent levels to achieve multi-scale governance and 
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to react to continuing global change. For that purpose the indicators of 
sustainability are of limited signifi cance; they are indicators of the pres-
ent state of systems. Indicators about the transformability of connected 
SES are more diffi  cult to construct; they require theoretical analyses of 
the possibilities of change, adaptation, and transformation of connected 
systems in society and nature. For that purpose, a systems analysis of 
modern society and its interaction with nature in the modes of produc-
tion, reproduction and the societal metabolism needs to be integrated 
into the social-ecological theory under construction. 

  Th e theoretical connection of the ecological research on vulnerability, resil-
ience, and sustainability to the social-ecological theory of nature–society inter-
action  implies to assess the theoretical signifi cance of the three concepts.

    1.     Vulnerability  as a dependent variable needs to be connected with resil-
ience and sustainability to develop interdisciplinary perspectives. In 
the controversy over vulnerability as “contrasting to resilience or a 
form of it?”, a choice needs to be made.  A distinction of the terms as 
contrasting, where vulnerability marks the lack of capacities and social 
agency that are required for resilience and sustainability, is coherent with 
the social-ecological theory and helps to combine the three analyses of vul-
nerability, resilience, and sustainability . Th e further clarifi cation implies 
the necessity to diff erentiate theoretically between diff erent forms of 
vulnerability, resilience, and sustainability.   

   2.     Resilience and sustainability have diff erent implications for social and eco-
logical systems,  and refer to complex systemic processes in social and 
ecosystems (see, e.g. the study of climate change resilience of Asian 
cities by Reed et al. ( 2014 ) that highlights the necessities of knowledge 
integration, joint learning, and cooperation in contrast to conventional 
policy processes of implementation and mainstreaming that prevail in 
climate change adaptation). Th is is not always supported by the politi-
cal terms in the discourse of sustainable development where the sys-
temic diff erences are often watered down, allowing interpretation of 
sustainable development as a variant of adaptive change, and coming 
close to the meaning of resilience.  Sustainability, interpreted as societal 
change, requires more than adaptation to and coping with disturbance: a 
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theory of transformation of societal systems that is lacking in the resilience 
research that works with the model of adaptive cycles.    

   3.     Distinction and connection of the three terms.  Opting against the inter-
pretation of vulnerability as melting with resilience or resilience as 
melting with sustainability has further consequences .  Th e conceptual 
diff erences need to be formulated more clearly to be able to refl ect 
their connections. Vulnerability shows a lack of adaptive capacity that 
needs to be acquired to achieve resilience. Resilience requires further 
capacities and functional mechanisms in social systems, ecosystems, 
and SES to maintain the functions of these systems. In that way it can 
be distinguished from sustainability that requires still further capaci-
ties and possibilities to transform the systems in order to achieve 
global sustainability.    

   Th e diffi  culty in integrating analyses of vulnerability, resilience, and sus-
tainability in theoretical perspectives is not only that of the multiple meanings 
of the terms. Th e limited interdisciplinarity in ecological research and the 
insuffi  cient use of social-scientifi c knowledge and theory create more problems . 
Th e theoretical systems analysis cannot be reduced to biological knowl-
edge about humans and their communities: it requires use of sociological 
knowledge and systems analysis of society and economy. 

  Th e methodological integration of the three kinds of analysis  (see 
Appendix) supports the elaboration of a social-ecological theory through 
the  production of knowledge that allows to describe the interaction 
between social and ecological systems more concretely:

 –    Vulnerability analyses are part of an extended analysis of the social 
inequalities and risks with regard to environmental burdens created 
by natural resource use and by global environmental change.  

 –   Resilience analyses regard the dynamics of SES, and their present 
and future states, by specifying the forms and conditions of adapta-
tion, and less that of transformation.  

 –   To unfold a perspective of societal transformation, theoretical 
knowledge about modern society needs to be integrated with eco-
logical knowledge; otherwise, sustainability tends to be reduced to 
a form of resilience.  
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 –   A main methodological requirement in all these forms of analysis is 
the specifi cation of empirical and theoretical knowledge about SES.    

 With the theories discussed above (Table   3.1 ), including the inte-
grated analyses of vulnerability, resilience, and sustainability, the eco-
logical components of the theory of nature–society interaction can be 
summarised (Fig.  3.1 ), which complements the social-scientifi c compo-
nents (Fig.   2.1    ).

   An interdisciplinary knowledge exchange about vulnerability, resil-
ience, and sustainability is hindered through disciplinary and subdis-
ciplinary specialisation of knowledge, methodological diffi  culties of 
synthesising incoherent empirical research, diff erent epistemic cultures 
of natural and social sciences, and through the continuous controversies 
in theoretical debates. Further reasons for the defi cits of interdisciplinary 
knowledge synthesis are the lack of theoretical concepts, frameworks, the-
ories, epistemologies, and methodologies for knowledge synthesis across 
the boundaries of natural and social sciences. Th e diffi  culties of knowl-
edge synthesis and theory construction need to be dealt with successively 
in the construction of an interdisciplinary social-ecological theory, and in 

  Fig. 3.1    Ecological components of a theory of nature–society interaction. 
 Sources : Own compilation (theories discussed in this chapter)       
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the attempts to use empirical and theoretical knowledge from diff erent 
disciplines more systematically. 

 Reacting to the diffi  culties with knowledge synthesis and interdisciplin-
ary theory construction, a methodological procedure is suggested in the 
Appendix to stepwise advance with the integration of empirically based 
vulnerability, resilience, and sustainability analyses in the framework of a 
social-ecological theory that is constructed with the conceptual compo-
nents discussed in Chaps.   2     and   3    . Th ese are preliminary methodological 
ideas that refl ect the early stage of development of this theory. Other 
methodologies can be developed in the further discourse and elabora-
tion of the theory of nature–society interaction. Th e approach suggested 
here is an attempt to follow the theory construction along the knowledge 
chain of production, dissemination, and application of knowledge in 
interdisciplinary knowledge creation and synthesis. It proceeds from the 
combination of theoretical components of systems analysis of SES, con-
necting these with knowledge from integrated analyses of vulnerability, 
resilience, and sustainability and ending with the completion of the the-
ory through consolidated research about the change and transformation 
of coupled social and ecological systems. Th e integration of empirical and 
theoretical knowledge in the emerging theory is, with exemplary themes 
of this theory, described in the following chapters. Th is methodological 
procedure cannot deal with all diffi  culties of integrating and synthesising 
knowledge for the purpose of theory construction. It has two specifi c 
aims in developing the social-ecological theory: that of developing an 
interdisciplinary theory of nature–society interaction, and that of using 
the knowledge of this theory to improve the practices of governance and 
regulation in the transitions to sustainability.  

    Conclusion: Interdisciplinary Social-Ecological 
Theory 

 Under the given conditions of limited interdisciplinary knowledge 
exchange between social and natural sciences, the social-ecological theory 
of nature and society develops—with diffi  culties—from diff erent sources, 
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disciplines, and theories. Chapters   2     and   3     describe the core components 
of that theory and how these connect with further theoretical compo-
nents for the elaboration of the theory. Th is theory includes the following 
components:

 –    Th e  production and reproduction of systems,  of societal systems (mate-
rial and symbolic reproduction) and of ecological systems (energy- 
driven circular fl ows of matter and nutrients)  

 –   Th e forms of  interaction and coupling between social and ecological 
systems  structured through the power relations in the national and 
global economic and political systems  

 –   Th e  dynamics of interacting social and ecological systems in processes of 
global change  in terms of vulnerability, resilience, and sustainability, 
showing adaptation, change, and transformation of the interacting 
systems  

 –   Th e  societal metabolism  that connects social and ecological systems 
in the forms of the basic metabolism and the more complex pro-
cesses of societal metabolism, confi guring in historically diff ering 
socio-metabolic regimes for resource use  

 –   Th e changes in  natural resource fl ows in and between social and eco-
logical systems  that are necessary for transitions to global sustainabil-
ity (e.g. potential pathways for societal transformation, hinders of 
transformation)  

 –   Th e knowledge transfer in  programmes and processes of the regulation 
of social-ecological systems , for example, in climate policy    

 According to this description, the theory develops at two levels:

 –    As an overarching theory for the whole development of human 
societies in a broader historical perspective (this is not discussed 
further here: see, e.g. Fischer-Kowalski et al.  1997 ).  

 –   As more specifi c theory of modern society and the present global 
social and environmental change and transformation to sustainabil-
ity (in this specifi c sense it is discussed further in the following 
chapters).    

 What can be gained from a broadened social-ecological theory includes 
improved knowledge and analyses of
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 –    the possibilities of co-evolution of social and ecological systems;  
 –   the diff erent forms of functional or dysfunctional coupling of SES;  
 –   the natural  and  social resource fl ows in multi-scale SES;  
 –   the local and planetary boundaries of ecosystem production and 

functions for human resource use;  
 –   the functions and services of ecosystems  and  social systems for 

humans and their forms of living, production and consumption;  
 –   SES governance and transformative agency that develops in a criti-

cal theory of ecological practice.    

 According to its epistemological and methodological properties, the 
interdisciplinary theory of nature and society has open boundaries and 
requires continuous development through knowledge synthesis. Th e the-
ory has as its main aim to connect and structure the available knowledge 
about nature and society. Verifi cation or falsifi cation of knowledge used 
in that theory requires, further, complex processes of integrated research, 
theoretical refl ection, and knowledge transfer in processes of manage-
ment, regulation, and governance of natural resource use. 

 Th e diff erences between traditional and critical theory in sociology and 
the discourse about theory of society have no equivalent in ecology. As 
similar schism of conventional and heterodox approaches can be seen that 
between disciplinary ecological research (natural-scientifi c knowledge) 
and interdisciplinary approaches (human, political and social ecology). In 
epistemological terms, the mode of knowledge generation for this theory 
can be formulated in the expression inherited from the older discourse 
of critical theory where it was diff erentiated as “holism ex post” from a 
“holism ex ante” (Bruckmeier  2014 ). Holism ex ante can be exemplifi ed 
by the discourse and movement of systems theory where it is assumed that 
the concepts and frameworks of systems theory create the explanations by 
their application in a specifi c theme or fi eld of research. Th is theoretical 
top-down procedure of knowledge integration neglects the  necessity of con-
solidating empirical research and knowledge production through conceptual 
codifi cation and theoretical mapping of the knowledge fi elds to connect — before 
explanations, systematic theory, and its application in governance processes can 
become possible.  In the critical theory there developed an alternative in the 
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form of a holism ex post by elaborating theory and explanation in a con-
tinuous interchange with empirical research and knowledge. 

 In the elaboration of such a theory more problems come up that can-
not be clarifi ed in the theory itself, but should not be ignored. Problems 
appear as pitfalls in the transfer of knowledge from science to policy, gov-
ernance, or resource management. Th ere is an inherent tendency in eco-
logical research, appearing with the governance approaches (see Chap. 
  5    ), to make governance practices more and more complicated, and fi nally 
replacing decision-makers as practitioners by decision-makers as scien-
tists. Th e idea of the “refl ective practitioner” (Schoen) requires that the 
social practices of refl ection and knowledge use for natural resource man-
agement and governance need to be developed, refi ned, and structured 
more systematically. If it is not critically discussed how knowledge from 
scientifi c research is assessed and applied in social practices of knowledge 
use, refl ective knowledge practices tend to fall back in conventional rea-
soning of scientifi c management and knowledge transfer. Such reasoning 
assumes that the practices of resource use and management require only 
scientifi c knowledge and the practitioners and actors need to be “enlight-
ened” through science. In this form, an old Platonic utopia of governance 
through the wise is renewed—if not governance through philosophers at 
least through scientists. Socially naïve as it is, it reappears again, such as 
in the suggestions for managing transitions to sustainability.      

    Appendix: Connecting Empirical 
and Theoretical Knowledge—Integration 
of Analyses of Vulnerability, Resilience, 
and Sustainability 

    Reconstructing Social and Ecological Meanings 
of Vulnerability 

 In ecological vulnerability studies, two basic variants of the concept can 
be identifi ed: social and ecological vulnerability. Both of these are related 
to environmental problems.
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    1.     Social meanings of vulnerability:  Vulnerability can be caused by social 
factors (psychic, social, political, economic) or ecological disturbances 
as climate change; vulnerable subjects are humans, individual persons, 
or social groups. Also when vulnerability is diff erentiated in biophysi-
cal and social vulnerability (Füssel  2007 ; Fellmann  2012 ), humans are 
the vulnerable subjects, as highlighted in the review by Lundgren and 
Jonsson ( 2012 ):

 –    Social vulnerability to environmental hazards is generally depen-
dent upon lack of access to resources (monetary, information, 
knowledge, or technology).  

 –   Access to political power and representation, and social capital 
(including social networks), show important social dimensions 
of vulnerability.  

 –   Social variables for vulnerability to climate change are diffi  cult to 
specify, but age, gender, race, and socio-economic status are gen-
erally accepted (Lundgren and Jonsson  2012 : 7)      

   2.     Ecological meanings of vulnerability:  Ecological literature shows vulner-
ability and resilience as interconnecting and interacting phenomena 
(Turner et al.  2003 ), but the connections between vulnerability and 
resilience are disputed. Also the separation between social and ecologi-
cal meanings of resilience in ecological literature is not very clear. For 
non-living and non-acting systems such as ecosystems, it is more dif-
fi cult for social actors to say in which sense they are vulnerable, except 
through loss of functions. Vulnerability to deterioration of environ-
mental quality, of ecosystem functions and limits of natural resources 
for life-maintaining purposes implies the diffi  cult cases of SES where 
social and ecological meanings of vulnerability are overlapping. Th at 
marine and terrestrial ecosystems become vulnerable and may collapse 
through overuse of their resources is evident. Controversial is whether 
that loss of functionality requires the term vulnerability that is bur-
dened with organismic thinking, metaphorical meaning, analogous 
reasoning, and value-loaded connotations that can all be seen as con-
sequences of its derivation from health and life processes.      
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    Reconstructing Social and Ecological Meanings 
of Resilience 

 Th e development of resilience research has been reviewed repeatedly 
(Adger  2000 ; Folke  2006 ; Nelson et  al.  2007 ; Brand and Jax  2007 ; 
Bruckmeier  2013 ), but resilience remains a term with diff erent and con-
tradicting meanings.

    1.     Social and ecological resilience:  Resilience concepts are summarised by 
Folke ( 2006 ) in three basic variants:

 –     Engineering resilience  (return time, effi  ciency, recovery, constancy, 
vicinity of a stable equilibrium)  

 –    Ecological/ecosystem resilience and social resilience  (buff er capacity, 
withstanding shock, maintaining function, persistence, robust-
ness, multiple equilibria, stability landscapes)  

 –    Social-ecological resilience  (interplay of disturbance and reorganisa-
tion, sustaining and developing adaptive capacity,  transformability, 
learning, innovation, integrated system feedback, cross-scale 
dynamic interactions)    

 Controversial in this systematisation of the concepts is the use of the 
notion of resilience for ecosystems and social systems, assuming that there 
are similarities of functions, interactions, and processes in ecological and 
social systems that create buff er capacity. In the use of resilience for eco-
systems, sometimes anthropocentric or biocentric meanings are ascribed 
to ecosystems, for example, with the notion of memory of ecosystems or 
landscapes. Some ecologists discuss the notion of resilience more criti-
cally (Carpenter et  al.  2001 ; Anderies et  al.  2004 ; Janssen  2006 : 128; 
Perrings  2006 : 217f; Janssen and Anderies  2007 ), suggesting to diff eren-
tiate between resilience of ecosystems and robustness of social systems by 
specifying the notion of robustness through the human capacities to deal 
with disturbance or coping capacity, based on consciousness, refl exivity, 
and anticipation.   
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   2.     Epistemological classifi cation:  A classifi cation of resilience concepts in 
social and ecological research by Brand and Jax ( 2007 ) shows the epis-
temological features of resilience in three groups: (a)  descriptive variants 
of resilience  (ecological resilience, extended ecological, systemic-heuris-
tic, operational; social resilience as sociological or ecological- economic 
term); (b)  hybrid variants  (related to ecosystem services and SES); and 
(c)  normative variants  (metaphoric, sustainability related). As in Folkes 
classifi cation, the dominant meanings of resilience are ecological. With 
hybrid and normative variants, resilience becomes a more vague notion. 
Th e classifi cation gives the impression that the resilience terminology 
is inexact, that it glides between diff erent disciplinary applications and 
meanings, and that it lacks theoretical structuring. Th is shows also in 
the overlapping of the terms vulnerability and resilience (in the defi ni-
tion of Eakin ( 2012 ) in the aspects coping with hazards, adaptation, 
and maintaining function) and resilience and sustainability (Nelson 
et al.  2007 : 412, in the aspects adaptation, transformation, agency, and 
achievement of desired states of social systems). Inexactness, overlap-
pings, and  diff erent interpretations seem to be consequences of the 
abstract and elastic nature of the terms.    

      Reconstructing Social and Ecological Meanings 
of Sustainability 

 Nelson et al. ( 2007 ) discuss the nature of adaptation, describing it as a 
process of deliberate change in anticipation of or in reaction to exter-
nal stimuli and stress, which is a requirement for resilience and sustain-
ability. Th ey see the dominant research on adaptation to environmental 
change as social-scientifi c and actor-centred—conceptualising the agency 
of social actors to respond to environmental stimuli thus reducing their 
vulnerabilities. A systematic description of sustainability can start from 
the classifi cation of sustainability approaches (see Table   4.1    ). 

  Sustainability as discussed in the discourse of sustainable development 
includes conventional and critical approaches where social and ecological 
meanings of sustainability are combined in many variants.  Th e criterion of 
diff erentiation between the two kinds of approaches is whether sustain-
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ability is seen to be achievable without changing the modern society and 
economy, or whether fundamental changes are required.

   Conventional approaches include two kinds:  

 –    Policy-generated ideas, describing aims and policy processes to achieve 
sustainability : the Brundtland report (resource sharing, intergenera-
tional solidarity); the mainstreaming of sustainable development 
through the Johannesburg Summit (social, economic, environmen-
tal sustainability); the neoliberal variant of global environmental 
policy in the Rio+20 process (green economy, market-based poli-
cies, payments for ecosystem services).  

 –    Ideas oriented to the innovation of society, economy, or industry and changes 
of modern lifestyles and consumption behaviour : ecological modernisa-
tion (Mol) and similar ideas of the greening of the industry; environ-
mental economics (internalisation of negative externalities); certain 
variants of consumer ethics (e.g. suffi  ciency, “voluntary simplicity”); 
certain ideas about social innovation or restructuring of society (e.g. 
autonomous local communities and regions, nested systems).    

 In the conventional approaches, the criteria of changes required for 
sustainable development remain often vague and unclear with regard to 
the changes of system structures (industrial society, the globalising market 
economy, social-metabolic regimes, or modes of production). Implicitly 
sustainability is assumed to be achievable within the present industrial or 
market economy, through continuous modernisation and policy reforms 
that aim at reduction of resource use and internalisation of social costs of 
environmental pollution through taxes and pricing. Changes of lifestyles 
and consumption are ambivalent. Th ey are seen either as non-political, 
individual, and cultural changes, or as fundamental changes of mass con-
sumption and change of the growth economy [see Dauvergne ( 2008 ) 
and the analysis of mass consumption based on the Fordist accumulation 
regime and cheap energy by McNeill ( 2001 )].

   Critical approaches can also be divided into two kinds:  

 –    Ideas originating in environmental movements  aiming at fundamental 
change of livelihoods which are to be achieved through movement 
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activities and lifeworld-oriented strategies of change :  deep ecology 
(Ness et  al); environmental justice (Schlosberg et  al); sustainable 
livelihoods (Chambers et  al); environmental democracy; certain 
variants of environmental ethics (bio-, ecocentrism); local, small- 
scale and circular economy; environmentalism of the poor 
(Martinez- Alier  2002 ); degrowth (Latouche).  

 –    Ideas from ecological research  that show the limits of resources 
through analyses of interacting society and nature at various levels 
and derive from that the necessity of fundamental change of indus-
trial society and modern economy: carrying capacity; limits to 
growth (Meadows and Meadows); ecological footprint (Rees, 
Wackernagel); planetary boundaries (Rockström et al); social-eco-
logical strategies of transforming socio-metabolic regimes.    

 In critical approaches, the interests of the countries and people in 
the Global South are more consequently accounted for, arguing in a 
global perspective, against the exclusive “environmentalism of the rich”. 
However, in many of the critical approaches it is not clear as to how 
changes of everyday life and consumption behaviour are connected with 
transformation of societal systems, the modern economy, and its modes 
of production and reproduction, or the unequal global fl ows of resources. 
Th e question of changing society is either left open or it is assumed that 
the transformation of society happens through mobilisation and activism 
of social movements that combine individual changes of life- and con-
sumption styles and collective action.  

    A Methodology to Integrate Analyses of Vulnerability, 
Resilience, and Sustainability 

 In the following description an integrated analysis of vulnerability, resil-
ience, and sustainability for coupled SES is specifi ed that can be connected 
with the social-ecological theory discussed. Beyond the diff erentiation 
and clarifi cation of the concepts (for resilience and sustainability see, e.g. 
Perrings ( 2006 ) who stresses the necessity of understanding the system 
dynamics to match the concepts) the integration requires methodological 
refl ection and structuring:
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    1.     Logic of knowledge integration:  Th e logic of integrated analyses of vul-
nerability, resilience, and sustainability can be described as a process of

 –     “backward analysis”:  going backward from the goal to be achieved 
(transforming the industrial metabolic regimes to a sustainable 
societal metabolism) to the present situation (state of societal 
and ecological systems), followed by  

 –    “forward analysis”:  going forward by formulating the means to 
achieve that goal in successive steps of research, knowledge syn-
thesis, knowledge transfer, and formulation of governance and 
regulation processes for transformation to sustainability (aiming 
at reducing vulnerability and strengthening resilience and sus-
tainability in social and ecological systems).      

   2.     Steps of an integrated analysis: 

 –     Classifi cations and development of conceptual frameworks:  A coher-
ent analysis of SES can be achieved with the help of the classifi -
cations of the forms of vulnerability, resilience, and sustainability 
[see examples for the use of diff erent frameworks in Mumby 
et  al. ( 2014 : 25f )]. Th e analysis can be done for all forms of 
coupled social and ecological systems that include use of natural 
resources, for example, in systems of land use, agricultural pro-
duction, industrial production, private consumption, local com-
munities, or specifi c areas. Knowledge integration develops in a 
“bottom up” process by integrating knowledge from local case 
studies through comparison of local studies and connecting 
these to studies at higher levels (using for analyses at national 
and global levels additional information such as statistical indi-
cators, synthesis reports, global assessments, and simulations).  

 –    Beyond classifi cations: integrated forms of vulnerability, resilience, 
and sustainability analysis        

  An integrated analysis of  vulnerability  includes two components:

 –     Identifi cation of forms of vulnerability  (e.g. scarcity of and access to 
specifi c natural resources, consequences of environmental change, 

3 Interaction of Nature and Society in Ecology 117



exposure to natural hazards), subjects of vulnerability (who is vul-
nerable), the relevant natural resources  

 –    Dynamic vulnerability analysis:  identifi cation of trajectories and 
changes of vulnerability over time in a given SES (Magnan et al. 
 2012 ), interaction across various scales (Turner et al.  2003 ), dynam-
ics, and changes of resource use regimes (Young  2010 ).    

 An integrated analysis of  resilience  includes the identifi cation of pos-
sibilities to build social-ecological resilience of coupled SES:

 –     Strategies to reduce vulnerability  through the analysis of  disturbances 
and their connections : identifying crucial vulnerabilities through 
 vulnerability assessment; mitigating vulnerability through measures 
for reducing exposure to hazards and disturbance or compensating 
for their eff ects; reducing sensitivity (minimising responsiveness to 
changes through disturbance); identifying social and institutional 
capacities to prepare for disturbances and minimise their impacts; 
projecting changes relevant for future development of coupled sys-
tems (Chapin et al.  2009 )  

 –    Strategies to enhance adaptive capacities of coupled systems and coping 
capacities of actors  [see examples for a diff erentiated use of frame-
works for adaptation and resilience in Nelson et al. ( 2007 )]: main-
taining diversity of social and ecological systems; stabilising 
feedbacks; changes of resource use practices; social and institutional 
learning in adapting institutions and governance processes to chang-
ing environmental conditions; developing multi-level governance 
through adaptive management/governance    

 For  sustainability  integrated analysis includes the identifi cation of core 
elements of a sustainability synthesis beyond the components of adapta-
tion found in resilience analysis:

 –     Analyses of the system dynamics of coupled SES:  analyses of societal 
metabolism and modes of natural resource use in the perspectives 
of maintaining the reproductive and functional mechanisms of 
both system components referring to local and global limits of 
resource use  
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 –    Long-term strategies to enhance the transformative capacity of the SES : 
using knowledge from systems analyses of society and economy to 
identify possible trajectories of transformation; confl ict mitigation 
and strengthening collective action and cooperation of resource users; 
developing mechanisms of multi-scale and multi-actor governance; 
developing processes of navigating transformations through diff erent 
periods of turbulence, uncertainty and crisis (Olsson et al.  2006 )       
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    4   
 Sustainability in 

Social-Ecological Perspective                     

      Th e social-ecological theory of nature and society, discussed in Chaps.   2     
and   3    , has as one aim to clarify the nature of the process called sustainable 
development. Sustainability is discussed at two levels:

 –    Of a  discourse  in which the meanings of the notion of the term are 
continually disputed, interpreted, and re-interpreted in their social, 
political, economic, and ecological meanings in a scientifi c and a 
political discourse.  

 –   Of  a process of change  of the practices of natural resource use in 
modern society that has started with local, national, and interna-
tional political decisions in the early 1990s.    

 To specify and clarify, by way of theoretical interpretation, the forms, 
and the courses, and the duration of this process of change are attempted 
in this chapter. In this interpretation,  sustainable development appears as 
integrated social and ecological process to maintain the functions and pro-
cesses of societal and ecological systems in a long-term perspective  that is 
(inexactly) described as intergenerational solidarity of resource use. To 
achieve this clarifi cation about the nature and perspective of the sustain-
ability process, it is, however, necessary to go through the discourse fi rst, 
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showing how this perspective of an integrated social-ecological process is 
perceived, refl ected, and discussed. Th is is done in four steps of review:

 –    Reconstructing  diffi  culties and failures  in the prior sustainability 
discourse  

 –   Discussing a renewal and  broadening of the discourse  where the 
nature of sustainable development as process of change of resource 
use is specifi ed as a transformation of industrial society  

 –   Evaluating  interdisciplinary analyses of sustainable development  in 
search of a theory of transformation  

 –    Integrating theoretical sustainability analyses  in political-economic 
and social-ecological theories    

 In attempts to separate the interwoven scientifi c and political dis-
courses, the nature of sustainable development needs to be discussed 
more critically. Th e blending of political and scientifi c, conceptual and 
problem-oriented, normative and fact-oriented discussion is a property 
of the discourse. Attempts of clarifi cation by way of defi nition and opera-
tionalisation resulted in a variety of competing defi nitions. Two terms 
have been created to deal with such abstract notions: that of “essentially 
contested concepts” (Gallie) and that of “fl oating (or empty) signifi ers” 
(Levi-Strauss). Th e theoretical refl ection of sustainability in social ecology 
is a way to discuss and assess the diff erent variants of the term and to show 
how sustainability can be used to analyse global social and environmen-
tal change. In this theory-guided discussion, sustainable development is 
transformed into a scientifi c concept of social-ecological transformation. 
Th e purpose is to study the complex social process of change that cannot 
be suffi  ciently understood as a policy and governance process. 

 Several controversial points about the nature of sustainable develop-
ment need to be dealt with in the following review of the sustainability 
discourse:

    1.     Sustainable development as political process, as socio-technical process, 
and as process of global social change:  In the past decade, these three 
views could be found as salient interpretations of the sustainability 
process. Sustainability as a  global transition process  is discussed in the 
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global scenario debate (Raskin et al.  2002 ). Sustainability as a  political 
and governance process  shows the qualities described by Meadowcroft 
( 2007 ) and sustainability as  a socio-technical transition process  the qual-
ities described by Smith et al. (2005). Th e views of sustainable devel-
opment as political reform and technical change are limited in 
disciplinary perspectives, whereas the global transition debate by 
Raskin et  al. seems to approach an interdisciplinary and integrated 
social-ecological perspective. But also their diagnoses are disputed: 
that the dynamics of human development are for the fi rst time in 
human history seen as global, with changes happening in a short his-
toric time (Raskin et  al.  2002 : 71f ) seem to neglect the social and 
geographical (local, regional, national) consequences of global change. 
Th e construction of a common world and future of humankind in the 
discourses of sustainable development and global environmental 
change (see Chap.   7    ) shows the problems of a scientifi c reductionism 
that derives its arguments from the physical or ecological description 
of the world; it cannot suffi  ciently account for the diff erences in the 
social world in terms of wealth and poverty, power and interests, 
 property of natural and other resources.   

   2.     Sustainable development as sharing and redistribution of resources and as 
a confl icting process between diff erent interests of resource users:  Much less 
scientifi c and political attention is paid to these two social aspects of 
sustainability that appeared with the discourse-opening policy docu-
ment of the Brundtland report. Th ese themes come up in the more 
critical analyses of sustainable development that developed off  the 
mainstream research and debate on sustainability, in social-ecological 
and political-ecological analyses of large-scale interactions between 
the biophysical earth system and the social world system. After the 
initial debate of the ecology of the modern world system by Goldfrank 
et al. ( 1999 ), fi rst syntheses of social and ecological research were that 
of an emerging earth system science (Ehlers and Kraff t  2006 ) and of 
interdisciplinary studies of the interacting world and earth systems 
(Hornborg and Crumley  2006 ). In the book edited by Hornborg and 
Crumley a model for the integration of empirical research and theo-
retical thinking is developed with knowledge from diff erent  disciplines. 
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Th e new unit of analysis is the interaction of society and nature at 
global levels, as social world system and ecological earth system, in a 
perspective of world ecology analysis. Th is world ecology perspective 
needs to be elaborated further in social- ecological analyses of global 
change in the modern world system and its transformation to sustain-
ability. Th e world ecology perspective of two interacting macro-sys-
tems, world and earth system, that operate as an inseparable whole, 
although with two distinct orders, unfolds in piecemeal theoretical 
studies of social-ecological systems at diff erent scales, for example, in 
the studies of Fischer-Kowalski and Haberl ( 2007 , land use change); 
Miao et  al. ( 2009 , methodological questions); Krausmann et  al. 
(2011, socio-metabolic transition); Fischer- Kowalski et  al. ( 2012 , 
transition scenarios); Brand ( 2015a ,  b , critical theory of social-ecolog-
ical transformation). Th e theoretical discourse is fragmented and dis-
persed, an integrating interdisciplinary theory not yet visible.   

   3.     Th e forms of collective action  in transitions to sustainability are dis-
cussed in several theoretical interpretations of sustainability. 
Meadowcrofts’ ( 2007 ) analysis of governance of sustainable develop-
ment under conditions of unequal power of actors and power rela-
tions in diverse societal subsystems is insuffi  cient, assuming that 
sustainable development is an inherently and irreducibly political pro-
cess. Th e discussion seems blocked through a clash of two contrasting 
views of sustainability: that of a political process of steering society 
(governance), and that of a much more complex process of transfor-
mation of society. Transformation includes autonomous social and 
ecological processes that cannot be managed or only  infl uenced to 
some degree. Even for formulating political strategies of governance, 
these complex processes of interaction and change of global societal 
and ecological systems need to be analysed—to show where policy, 
steering, and regulation end and need to be reinforced by other pro-
cesses to become eff ective. In the social-ecological analysis of sustain-
ability unfolds such a broader, interdisciplinary perspective where 
sustainable development includes further and autonomous processes 
of societal change that cannot be reconstructed as governance. An 
interdisciplinary analysis of interaction and change of social and 
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 ecological systems is not yet achieved by Meadowcroft ( 2007 : 310ff ) 
with the envisaging of structural and systemic underpinnings of soci-
etal change and with the description as iterative process of reform over 
many decades; large parts of social and ecological processes are ignored 
in Meadowcrofts’ analyses.   

   4.     Th e implications of constructing sustainable development as a process of 
global transition or transformation of modern industrial society:  Policy 
and governance processes are the most visible, public, and communi-
cated, but further processes need to be considered: socio-cultural pro-
cesses in the lifeworld of people, various forms of change (structural 
social, economic, technical), processes of global social and environ-
mental change (as globalisation and land use change) that should be 
infl uenced through sustainable development. Examples of such 
autonomous processes are population growth and demographic tran-
sition, urbanisation and land-use change, economic and physical 
resource fl ows, transport and communication processes and their 
technical infrastructures, environmental pollution, energy develop-
ment, or the global material cycles in ecosystems as the carbon, nitro-
gen and water cycles, changes in atmospheric and ocean circulation in 
biological diversity, and others. Th e complex and interwoven processes 
cannot be managed, coordinated, or steered in one big process of 
global governance. But in governance strategies, it needs to be found 
out which processes can and need to be steered in the transition to 
sustainability. Th e process of transforming industrial society towards 
sustainability has just started with the transformation of the industrial 
energy regime based on fossil fuels (see Chap.   8    ). Th e future success of 
sustainable development depends to a large degree from the success of 
these eff orts to transform the global economy into a low carbon econ-
omy with signifi cantly reduced CO 2  emissions in the atmosphere. 
Local and national strategies for transition to sustainability are parts of 
the global transformation. Continuous deliberation and negotiation, 
iterated and revised decisions and evaluation are necessary to maintain 
a process at diff erent levels of policy, in social and ecological systems, 
for which the forms and levels of integration and regulation are con-
tinually matched and rescaled.     
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 Th e following review of the prior discourse of sustainable development 
is not about the evaluation of the implementation of national or interna-
tional policy programmes, for example, the global programme “Agenda 
21” or the Convention on Biodiversity. Th ese forms of policy analysis 
are part of empirical evaluations and assessments of environmental poli-
cies; they cannot show the problems and diffi  culties in the sustainability 
process. Th e discourse is reviewed to show the advances, changes, failures, 
and modifi cations in the sustainability process as an erratic process of 
approaching the complexity of social transformation. 

    The Prior Discourse of Sustainable 
Development 

 Reviews of the sustainability discourse since its beginning in 1987 show: 
only gradually the discourse approached the complexity of the societal 
transformation process with a more coherent picture of the dynam-
ics of social and ecological systems in modern society. Th e interpreta-
tions of the idea of sustainable development in the discourse have been 
reviewed many times (e.g.: Moff att  1995 ; Barry  1999 ; Lee et al.  2000 ; 
Sneddon et al.  2006 ; Bruckmeier  2009 ). Th e main views are described 
below (Table  4.1 ), compared and classifi ed to identify the components 
of strategies to regulate social-ecological change and to initiate societal 
 transformation. Two aspects of the sustainability discourse seem impor-
tant for its development: a political debate to develop, discuss, and 
adopt ideas, and a controversy about economic growth in relation to 
sustainability . 

     1.     Th e political debate of sustainable development  started before scientifi c 
research on global change was carried out. Th e report of the North–
South Commission “Our Common Future” from 1987 marks the 
beginning of international policies and strategies for sustainable devel-
opment. In the report, sustainable development was formulated in a 
vague global perspective as intra- and intergenerational solidarity in 
resource use. Sustainable development remained a vague idea of a com-
mon future, a platform concept for organising the policy process. 
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In the discourse about principles of natural resource use ideas of social 
and environmental justice were adopted and the support and coopera-
tion of many governmental and non-governmental actors was sought. 
Th e success of the political discourse was visible in the mobilisation of 
many actors with diff erent interests in a global debate and in the for-
mulation of action programmes, especially “Agenda 21”. Th e interac-
tion between political and scientifi c debates of sustainability generated 
further possibilities to develop the vague idea, but no authoritative 
institution as that of the Intergovernmental Panel on Climate Change 
(IPCC) in the global climate discourse provided scientifi c knowledge 
syntheses for the political debates. Also the sharing and redistribution 
of resources at global levels, the social components of sustainable devel-
opment, need to be negotiated in more complicated governance pro-
cesses than most actors imagine. Th e critique of policies of sustainable 
development that unfolded in the controversy about economic growth 
and possibilities of a non-growing economy is the key to understand 
the complexity of the governance and transformation processes.   

   2.     Th e idea of a non-growing economy  is old. Ecological economists and 
other discourse participants refer to the concept of stationary or steady 
state economy of the classical political economist John Stuart Mill 
( 1848 ). He saw that economic growth once will come to an end, fol-
lowed by a stationary economy. With the ecological and sustainability 
discourse the question is taken up again, whether a non-growing 
economy is one of misery on an environmentally devastated earth, or 
whether it is a higher form of economy, better satisfying human needs 
than the ecologically primitive industrial growth economy. Th e argu-
ment supporting the critique is that industrialisation, with all its sci-
entifi cally based technologies, destroys the natural resource base of 
human society and undermines society’s future. In this critique, sus-
tainable development is an ecological imperative to live within the 
resource limits of the earth system through appropriate forms of shar-
ing and redistribution of natural resources. Mill was inclined to see 
the stationary economy as one of social and moral progress with 
improved quality of life, although he saw the possibility of overuse of 
resources and environmental disruption.    
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     Main Ideas of Sustainable Development 

 In the policy-driven discourse of sustainable development, it remained 
an open question how scientifi c knowledge is used in the political pro-
cesses—although it became clear, that sustainable development cannot 
be limited to environmental policy and natural resource management 
processes. Broader social processes of change in the societal systems of 
politics and economy are part of sustainable development. Furthermore, 
the interaction of society and nature needs to be analysed, not only nor-
matively constructed as in the value-based and ethical thinking that 
infl uences the sustainability discourse. A weak echo of the broad view 
of sustainable development is found in the mainstream variant with the 
diff erentiation of social, economic, and environmental sustainability. Th e 
broadening brought new theoretical debates and controversies on the 
nature of sustainable development. A major controversy is that between 
conventional ideas assuming transition to sustainability is possible within 
the existing global economic order through a series of policy reforms, 
and more critical approaches aiming at fundamental transformations of 
modern society and economy (Table  4.1 ). 

 Many of the interpretations of sustainability in Table  4.1  are derived 
from ecological worldviews, visions, and normative ideas that take up 
 ecological concepts as carrying capacity or ecologically embedded resource 
use. In most ideas of sustainable development, the future is vaguely for-
mulated in normative forms as wanted states or ideal states of resource 
use. How to achieve a sustainable future is controversial. Th e necessary 
changes of society and economy on the way to global sustainability are 
only gradually discussed with the help of theories connecting social- and 
natural-scientifi c research. In the early debates of sustainable develop-
ment theoretical refl ections were overshadowed by controversial inter-
pretations of the sustainability idea as one in the interest of the Global 
North and the rich countries, or the Global South and the poor countries 
in the global economy, as shown in the review of the discourse by Lee 
et al. ( 2000 ) and in the analysis of the “environmentalism of the poor” 
(Martinez-Alier  2002 ). 
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  Th e ideas in the sustainability discourse can be divided in conventional and 
critical variants  (as described in the Appendix of Chap.   3    ). Conventional 
variants see sustainability as achievable within the industrial society and 
its global order, critical variants argue for changes of lifestyles and soci-
etal, political, and economic systems. In both variants, sustainability is 
not suffi  ciently discussed with regard to possibilities of transforming 
modern society and economy. 

  Social-ecological theory connects to the sustainability discourse at the point 
where the discourse, in conventional and critical approaches to sustainabil-
ity, ends.  Th e theory argues that sustainability is achieved with a new 
mode of production that can be theoretically described in terms of a 
societal metabolism. Social ecology provides one of the possible theoreti-
cal underpinnings of sustainability as great transformation of industrial 
society, or as “Promethean revolution” as it is called in ecological eco-
nomics. Th e dominant view of sustainability is that of a process with 
three diff erent forms of social, economic, and ecological sustainability 
between which compromises need to be found in the policy process. A 
practical diffi  culty is that the three dimensions and their interrelations are 
understood diff erently and tend to generate incoherent changes of poli-
cies and governance strategies.  

    Assessment of the Sustainability Discourse 

 Th e global sustainability discourse developed, since the Brundtland 
report in 1987, in complicated interaction between science and policy 
processes, where the notion of sustainable development became an over-
burdened idea. Although continually discussed, the idea remains contro-
versial; the multiple interpretations move between normative, practical, 
and scientifi c knowledge forms. Th e political process can be seen as one 
of articulating and matching diff erent interests. Further knowledge from 
scientifi c analyses of societal, economic, and ecological systems cannot 
be adequately transferred into interests of actors, also not in the form of 
advocacy policy by speaking for the interests of the non-actors (future gen-
erations, the ones excluded from policy processes, nature, other species, 
ecosystems). To understand the process complexity, it seems  necessary 
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to identify and assess the diffi  culties in the sustainability discourse that 
is stuck in contradicting and competing interpretations of the idea of 
sustainable development:

 –    Th e  consequence of the pluralist nature of the discourse  is that the 
bridging concept of sustainable development cannot be reduced in 
meaningful ways to one common concept: no consensus is achieved 
by the many participants with their varying interests. Th e global 
spreading of the debate is seen to make a consensus unrealistic. Th is 
implies that sustainable development is not a scientifi c concept, but 
a bridging term to allow a variety of interpretations and approaches 
under a guiding idea.  

 –   Th e  consequence of the perception of sustainability as implying norma-
tive ideas  is that it cannot be clarifi ed through scientifi c, method-
ological, and theoretical discussion, but need to be negotiated in 
policy processes where heterogeneous interests and goals of social 
actors need to be articulated and defended.  

 –   Th e  nature of sustainability and the derived term sustainable develop-
ment is that of “essentially contested concepts ” (Gallie  1956 ; Collier 
et al.  2006 ) that develop with a variety of meanings, in continuous 
controversy and discussion, without ever achieving the status of 
concepts and criteria verifi ed through scientifi c or practical 
knowledge.  

 –    Compromises between diff erent interests  that are in confl ict with each 
other can only be achieved to some degree in the sustainability pro-
cess, through norms and strategies on which many actors with dif-
ferent interests and worldviews can agree.  

 –   Th e  consequence of a lack of critical refl ection of the idea  of sustainable 
development in the policy process is that knowledge from research 
and theoretical analyses of modern society and its interaction with 
nature is ignored.    

 All of these reasons for the diffi  culties in the sustainability discourse 
may be justifi ed to some degree, but only the last one shows a possible 
way out of the dilemma with contested concepts and interpretations. Th is 
interpretation is used here: the lacking theoretical refl ection and under-
pinning of the ideas of sustainability requires a renewal of the discourse 
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with knowledge about the dynamics of social and ecological systems that 
is integrated with the help of social-ecological theory. It is suggested to 
connect the notions of sustainability and sustainable development with 
theoretical analyses of societal and ecological systems in social ecology 
and similar critical discourses. 

  Th ree points seem important in the further discussion and clarifi cation of 
the social properties of sustainability:  the discursive nature of the idea, the 
operationalisation, and measurement of sustainable development, and 
the neoliberal mainstreaming of the discourse:

    1.     Th e discursive nature of sustainability appears as diff useness of the notion 
and the debate : Th e most widespread idea of sustainable development 
is from the Brundtland report, referring to intra- and intergenera-
tional solidarity as the normative compass of global economic devel-
opment. Th e clarifi cation of the term and the ways towards 
sustainability went back and forth between science and policy when 
the political actors were seeking scientifi c knowledge, support, and 
justifi cation for their ideas. 

  Described in terms of a power-dependent debate , the political dis-
course of sustainable development tended towards a consensus of the 
powerful actors, achieved by selective knowledge use and insuffi  cient 
search for alternatives, in the “disjointed incrementalism” of the politi-
cal debate. After the Johannesburg summit of 2002, the mainstream 
variant became that of diff erentiating between social, economic, and 
environmental sustainability as three dimensions that need to be bal-
anced in sustainability strategies and political programmes. Th is man-
agerial reasoning emerged from political debates, in attempts to catch 
some of the complexity of the processes in interacting social and eco-
logical systems. Th e complexity was seen in the contradictions between 
the three forms that can be dealt with by compromises. After the 
mainstreaming and the neoliberal occupation of the idea, the political 
sustainability process shifted from debates about goals towards imple-
mentation of (international) sustainability policies. Th e search for 
“another development” that was less economically driven, more taking 
into account environmental criteria for the use of natural resources, 
was fi nally channelled in an economic reasoning supporting economic 
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globalisation through the neoliberal consensus. Th e conference 
“Rio+20” of 2012 supported a green economy building on market 
forces and commercialisation of nature or ecosystem services. Th e 
debate of a great transformation vanished from the political agendas. 
It continues in critical discourses, after the millennium ecosystem 
assessment especially in the global scenario debate. 

  Described in terms of a scientifi c debate , the sustainability discourse 
did not fi nd to scientifi c clarifi cation and approval of the contested 
idea. Scientifi c knowledge from several disciplines infl uenced the dis-
course selectively. Most of the heterogeneous ideas of sustainable 
development classifi ed above in conventional and critical approaches 
found some scientifi c support. Th e policy processes at national and 
international levels turned out to be “immune” against the adoption 
of certain forms of scientifi c knowledge. More complicated theoretical 
ideas and critical social-scientifi c analyses of societal systems found 
less interest in environmental movements and among the political 
actors where simple, vague, and normative ideas were preferred. Th e 
lack of theoretical refl ection supported illusions to achieve sustainabil-
ity in the short run, through technologies and ecological modernisa-
tion, within the present societal, political, and economic systems, in 
“win–win” situations, within national policies of “splendid isolation”, 
by building sustainable systems at local, regional, or national levels, 
without changing the globalised economic system. 

  Assessing the process of discussing sustainable development  since 1987 it 
can be said: Th e idea of sustainable development created at the begin-
ning enthusiasm, as many ideas appealing to common values and 
interests, especially that of “our (mankind’s) common future”. Th is 
enthusiasm faded away with the diffi  culties of the sustainability pro-
cess that became visible in the continuing process and the ineffi  ciency 
of most policy programmes. Th ese programmes were not based on 
systems analyses of modern society and economy, also not on thor-
ough analyses of problems and hindrances, more dictated by the neces-
sities to act under time pressure and generating some change. Diff erent 
political interests and expectations of the discourse participants should 
be matched in participatory processes built into political programmes. 
Th e early debate unfolded unexpected success in  mobilising people, 
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governmental and non-governmental organisations, and social move-
ments for global action. With the conceptual vagueness and the con-
fusing debates the notion of sustainable development was quickly 
adopted by governmental and non-governmental actors and spread in 
a global discourse, in many national and international policy pro-
grammes: it became the symbolic idea guiding local, national and 
international environmental policies, engaging in many countries sci-
entists and practitioners in the fi elds of politics, economy and culture. 
Th is can be seen as widespread awareness that sustainability is required 
to maintain the systems and processes in nature and society that 
changed during modern society in risky ways, but consensus as found 
for the idea is not achieved for the process and for methods, measures, 
and interim goals. 

  Th e weakness of the sustainability process can be attributed to several 
factors:  that of a political process distorted by interests of powerful 
actors and institutions; of a process in which science and research did 
not fi nd consensus about ways of system transformation; of a process 
where the ambitious and morally justifi ed goals faded away on the way 
in power fi ghts and compromises. Th e last point can be connected to 
the necessity of a global debate for which the global arena of the 
government- dependent institutions of the UN system is not an opti-
mal platform. Th e UN does not provide suffi  cient possibilities to initi-
ate critical debates about transformations of societal and economic 
systems; critical voices are not necessarily suppressed in the policy pro-
cess but ignored in policy programmes. Th e externalisation and the 
shifting of burdens of environmental disruption to weak social groups 
continue in forms of “managed decline” in national and international 
economic policies, also in the industrialised Western countries. Th e 
maintenance of economic growth and new industrialisation imply 
that the burdens of resource use and environmental pollution are to a 
large degree that of future generations and people in the Global South.   

   2.     Attempts to operationalise and measure sustainability and the progress of 
sustainable development:  Th e policy-driven sustainability process gen-
erated many attempts to measure sustainability and the implementa-
tion of sustainable development policies through indicators and 
criteria for the valuation of political strategies and programmes at 
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national and international levels. Th e indicator debate is stuck in the 
complexity of constructing quantitative and qualitative indicators for 
each dimension of social, economic, and environmental sustainability, 
based on available public statistics. Attempts to measure the whole 
process aggregate the indicators in indexes as the EVI, the ESI, and 
the environmental performance index (EPI). Th e results are abstract 
fi gures without clarifi cation of possibilities to measure societal trans-
formation. Th e indices seem to measure the exact position of a coun-
try or national economy at certain points in time, as its higher or 
lower progress towards sustainability. Th ey leave the impression that 
important information is missing. Statistical indicators can measure 
the quality of life and wellbeing in the countries, their economic 
development, the manifold environmental problems and damages, 
but summarising these measurements in indices does not yet give 
guiding ideas of how to achieve sustainability. Th e advantage of indi-
cators and indices is that they are constructed with empirical data. 
However, the diffi  culty with indicators for sustainability is, that they 
often use data for measuring other, less complex phenomena than 
sustainabiliity.   

   3.     Th e neoliberal sustainability discourse:  Th e manifold ideas that appeared 
in the political debates did not show, rather mask, the real course of 
the economic and policy processes under the infl uence of neoliberal-
ism. Th e neoliberal consensus that marks the present deadlock of the 
sustainability discourse is not a consensus of the majority but of the 
powerful. Th is power-based steering of the process works for several 
reasons: there are too many and heterogeneous interests that cannot 
be integrated; there is not suffi  cient critique of and resistance against 
the fragmentation, segmentation, and segregation of society through 
market-based policies; the powerful vested interests that contradict 
sustainability are articulated as forms of sustainability and ecological 
reforms of the economy, for example, as ecological modernisation.    

  Th e core ideas of neoliberal sustainability policy (deregulation of 
markets and international capital fl ows, monetarisation and commer-
cialisation of natural resources) were not in the foreground in the early 
discourse. Th e idea of sustainable development was launched as a new 
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idea and a moral appeal to change the economy and economic resource 
use practices. In the debate about a sustainable economy emerged three 
paradigmatic ideas:

 –    Th e idea of the  bio-economy  (Enríquez-Cabot  1998 ) is oriented to 
(bio-) technology as a source for industrial innovation and growth.  

 –   Th e idea of the  eco-economy  (Brown  2001 ) is based on a thorough 
analysis of the environmental problems caused by the global econ-
omy, but suggests insuffi  cient and ineffi  cient policy instruments for 
a transformation to sustainability.  

 –   Th e idea of the  green economy  is infl uenced by ecological thinking, 
but developed in practice as supporting monetary and market-based 
instruments (see the critiques of green economy by Lander  2011 ; 
Hoff mann  2011 ; Spash  2012 ).    

 Although none of the ideas is programmatically following a neoliberal 
reasoning, they do not develop alternatives to growth and market- based 
development. In practice, the attempts to measure the natural capital 
that should be maintained in the sustainability process ended in the neo-
liberal ideas of green economy, reformulating sustainable  development 
as economic growth and environmental responsibility as reinforcing 
growth through the valorisation of nature and ecosystem services (Daily 
 1997 ). Th e economic valorisation supports further inequalities in an 
economic system that is already characterised through inequalities. Th e 
ecological goals of protecting and maintaining natural resources are dis-
torted through the fi nancial mechanisms and the incoherent measures 
for achieving the goals (see Chap.   5    ). To manage a neoliberal consensus 
under the label of “green economy” implied that a part of environmental 
movements and NGOs accepted the ideas that through monetary valo-
risation of natural resources, and in practice through payments, nature 
is protected better than through ecological criteria for resource manage-
ment and the natural resource base can be maintained for sustainable use 
in this way. Th e “economisation of ecology” is not new, discussed in envi-
ronmental economics, theories of natural capitalism (Hawken, Lovins) 
and environmental fi nance (Sandor, Daily). What is new is that the prac-
tice of sustainable development, neglecting the ethical goal of intra- and 
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intergenerational solidarity is connected with historically unprecedented 
forms of privatising and commercialising natural resources. 

 Following this assessment, a collective learning and renewal of the 
sustainability discourse require more interdisciplinary knowledge inte-
gration, critical discussion, and theory-guided re-interpretation of sus-
tainable development .  Many of the shortcomings in initiatives and 
policies of sustainable development are consequences of a narrow view of 
the process in terms of a policy process and as one of development, not of 
renewal and transformation.   

    Ways of Broadening and Renewing 
the Sustainability Discourse 

 In the social-ecological discussion, “sustainable development” becomes 
“societal transformation to sustainability” or “social-ecological trans-
formation”, understood as a global process of transforming the societal 
metabolism of industrial society, or, in more traditional terminology, 
developing a new mode of production. In the discourse of social- ecological 
transformation in social ecology and critical theory (Demirovic  2012 ; 
Brand  2015b ) two themes are highlighted:

 –     Th eoretical analyses  of the system of modern society and its eco-
nomic logic of development  

 –    Practical ideas  for changing modes of life and consumption under 
conditions of global social and environmental change    

  Sustainability as societal transformation is a broader, more complex pro-
cess beyond market processes and political governance.  Further, autonomous 
social and ecological processes that cannot be politically and economically 
managed or regulated are part of the overall transformation. Th e estab-
lished term of transition management (Fischer-Kowalski and Rotmans 
 2009 ) can be used further on to specify the management and governance 
components of the overall transformation process that includes managed 
and other, autonomous processes (see above, introductory discussion). 
Risks and disturbances identifi ed through vulnerability and resilience 
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research (Chap.   3    ) appear as signals in the managed and non-managed 
processes. Th e autonomous processes can be infl uenced in governance 
processes only indirectly or to some degree. Indirect transformative 
governance as a broadening of environmental governance and a way of 
social-ecological regulation requires additional, interdisciplinary, and 
theoretical knowledge about the systemic properties of society, economy, 
and ecological systems. 

  Th e broadening of the governance perspective for sustainability implies 

 –    to clarify the complicated and changing forms of interest that need 
to be matched in participatory governance and through confl ict 
management;  

 –   to become aware of the limits of environmental governance: how 
can these limits be shifted, and how can non-manageable social and 
ecological processes be connected to governance processes?  

 –   to become aware of other processes of collective action in society 
that do not or cannot adopt political forms and not become part of 
public policies: how do they infl uence the possibilities of transfor-
mation to sustainability?  

 –   to become aware of the symbolic and material relationships between 
spatiotemporal patterns of global resource fl ows and modes of pro-
duction, metabolic regimes and modes of consumption: what kind 
of theoretical analyses and systems analyses of societal, economic, 
political systems do they require?    

 To approach the complexity of sustainable development in this broad 
perspective requires a series of changes of knowledge practices in science 
and in policy:

    1.     Renewing the idea of sustainable development:  Sustainable development 
can be seen as an example of an “essentially contested concept”, for 
which it is doubtful whether it can be formulated in scientifi c terms. 
Sustainability is often reduced to a political notion in the sense of 
normative goals as intergenerational solidarity in resource use, to 
achieve through environmental policies and natural resource manage-
ment. Also, the mainstream variant of connected social, economic, 
and environmental sustainability is a vague idea that social, economic, 
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and environmental processes of change are interconnected. How the 
processes are interconnected cannot be found out through recon-
structing sustainable development in a perspective of social-ecological 
transformation where the unclear political notion is replaced through 
one that can be interpreted more systematically, with theories and sci-
entifi c knowledge about SES, not mainly with data and quantitative 
indicators. Th e notion of sustainability was (over)used in a long debate 
for diff erent purposes, which tends to lose its communicative value in 
science and politics. Still no adequate new idea to replace it appeared 
in the ecological discourse. Environmental justice cannot take this 
place: it covers only part of the sustainability process with the reduc-
tion to normative ideas for distribution and sharing of resources and 
environmental burdens. It can be seen as an idea for the solution of 
problems inherent to sustainability, for seeking ways to fair distribu-
tion of resources and environmental burdens. In the renewal of the 
idea and discourse of sustainable development as social-ecological 
transformation, it needs to be assessed which processes and paths are 
promising and why. Sustainable development becomes an indicator 
for a joint learning process in the continuing discourse, improving the 
idea, the knowledge used, and the strategies. Th is has similarities with 
the ideas and strategies discussed in the ecological approaches of adap-
tive management or governance. Although these are designed for 
more limited purposes and simpler tasks, they may work in more 
complex strategies of sustainable transformation that built on such 
interim steps and processes as adaptive management, analyses of vul-
nerability and resilience (see Chap.   3    ), and interdisciplinary knowl-
edge syntheses.   

   2.     Restructuring the sustainability discourse with the help of interdisciplin-
ary knowledge and new practices of knowledge use:  A critical, theory- 
guided analysis of possibilities and ways of transformation of modern 
industrial society is developing with the interdisciplinary social- 
ecological theory. Th e presently incomplete theory, the complexity of 
the transformation process, and the unknown distant future make this 
transformation diffi  cult to foresee and to design in form of potential 
pathways. Th e process cannot be prognosticated and planned, but 
qualitatively described in its many components. Also scenario analysis 
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is only a method providing limited insights, however, the one from 
where to begin to think about further methods of thinking through, 
projecting, envisioning, modelling, and simulating of changes in com-
plex social and ecological systems. Global climate change is the model 
process for constructing processes of social-ecological transformation. 
Signifi cant changes of the global economy in terms of decarbonisation 
and transformation of energy regimes are necessary to mitigate climate 
change and to achieve sustainability (see Chaps.   7     and   8    ). Although 
the future society and mode of production are unknown, they are 
infl uenced and constructed by the decisions made presently, and in 
policies and governance processes that can have consequences of 
reducing or maintaining possibilities of future development. Th ese 
decisions require social-scientifi c and ecological knowledge, knowl-
edge about the dynamics of social and ecological systems and their 
reproduction and interaction, besides the knowledge about environ-
mental problems and their technical solution.     

 Th e dynamics in society and nature imply manifold and specifi c pro-
cesses at diff erent spatial and temporal scales. Th e social consequences of 
global environmental change—described in simple terms of temperature 
rise, species reduction, or land-use change—diff er between countries and 
regions. Whether societal development is now only driven by these global 
environmental changes can be doubted. Th e hypothesis of humans as 
geological force in the era of the anthropocene needs to be specifi ed and 
interpreted more carefully, with historical data about environmental and 
social change and social-scientifi c knowledge. Much of that knowledge 
seems to be ignored in the simplifi ed and generalised concept of anthropo-
genic change. Th e constituting processes of global change, as main social 
process that of economic globalisation, show contradicting forms and 
consequences in local social systems (Sassen), through the fragmentation 
of local society in global cities or villages that profi t from globalisation 
and others that become the “new hinterland”. Beyond economic glo-
balisation further interactions of SES in sub-global systems and national 
political or societal processes show contradicting eff ects that infl uence 
transitions to sustainability in unforeseeable ways. Global and ecologi-
cal processes of change seem to become more important in shaping the 
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future of modern society. Th ese processes generate new inequalities and 
diff erences between countries, economies, and social groups. Th e transi-
tions to sustainability cannot be understood without further knowledge 
and new knowledge practices.

    3.     Clarifying the implications of the process of transformation:  In the social- 
ecological debate sustainability is interpreted with the theoretical term 
of transformation of the socio-metabolic regimes of industrial society. 
Th is term implies an analysis of the interaction of social and ecological 
systems in industrial resource use regimes and their combinations of 
material and energy resources. Th e theoretical refl ection starts from 
the assumption that  sustainable development is not an evolutionary pro-
cess of incremental change, as its connotation seems to be, but a rupture of 
path-dependent development by way of a new great transformation in the 
search for a future sustainable society.  Th is society and its mode of pro-
duction diff er certainly from the ideas and visions of scientists and 
political actors today, but they are infl uenced in their genesis from 
these ideas. Such a transformation happened for the last time in mod-
ern history with the rise of the capitalist market economy and the 
transition to industrial capitalism, for which the term “great transfor-
mation” was used by Polanyi ( 1944 ). Industrialisation became in the 
capitalist economic world system the core process of the modernisa-
tion of national economies, spreading at fi rst only in few Western 
countries. Ecologically seen, it is a process based on growth and inten-
sifi cation of natural resource use under conditions of rapid population 
growth. Industrialisation made possible further social and economic 
transformation processes of accelerated urbanisation, mass consump-
tion, and industrialisation of agriculture and food production that 
brought the environmental problems of today.     

 In the processes of modernisation, science-based technologies play an 
increasing role in transforming nature and ecosystems. Science and tech-
nology are used for specifi c purposes and interests of a minority of the 
global population, interests organised economically in terms of private 
property-based capital accumulation. Th e temporal and spatial dynam-
ics of modernisation, in a sequence of several accumulation regimes, 
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are  complex: technology and energy-intensive processes of resource use, 
dependent on changing fossil energy sources, fi rst mainly coal, later oil. 
Th e present changes through globalisation imply a restructuring of the 
economic processes of production and exchange with growing depen-
dence from fi nancial capital and its risks and crises. Th e commerciali-
sation process has during the twentieth century reached large parts of 
non-valorised natural resources that were in earlier phases of capitalist 
accumulation regimes available in high quantities and with low extrac-
tion costs. Th e mechanism of unequal ecological exchange established 
during modern colonialism did not vanish in later modernisation, but 
changing its forms and dimensions; it is part of the structural separation 
of national economies in such of the core and the peripheral countries. 
Th e protection and conservation of nature and the maintenance of the 
natural resource base are, fi nally, becoming part of market-based regula-
tion mechanisms. An ecological analysis, if it is not connected with an 
economic systems analysis, can say little about these changes and how they 
aff ect the environment and ecosystems. Th e new transformation towards 
sustainability becomes a power struggle between the capitalist “market 
ecology” or the world ecology of capitalism that develops through accel-
eration and intensifi cation of resource use, and the “ecological ecology” 
of sustainability that asks, in one or another form, for the reduction of 
natural resource use, saving, redistribution, and de-commercialisation of 
resources.

    4.     Systems analyses of societal and economic systems to understand the interac-
tion of nature and society:  As a synthetic theory constructed from several 
theories, the social-ecological theory of nature and society works with 
concepts, theorems, and explanations from other theories. Large parts 
of knowledge from systems analyses of modern society and economy 
are already available and do not need to be carried out again in social 
ecology, only syntheses and complemented. World system theory, 
political economy, sociological, economic, and cultural- anthropological 
theories provide a stock of knowledge that can be reviewed and used in 
social ecology. Th e social-ecological theory is elaborated in three main 
components or sub-theories renewing earlier discourses: social rela-
tions with nature, societal metabolism, and colonisation of nature 
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(through human transformation of nature, ecosystems, and natural 
resources). Th ese components have been described in detail elsewhere 
(Fischer-Kowalski et  al.  1997 ; Becker and Jahn  2006 ; Bruckmeier 
 2013 ) and can be used for the systems analysis of the interaction of 
modern society and nature. Th e core process of societal metabolism is 
specifi ed in the socio-metabolic regimes of industrial society and the 
accumulation regimes connected with that; both regime types of the 
capitalist mode of production and economic reproduction require the-
oretical analyses of natural resource use.    

  Th e self-destructive system dynamics of the modern economic world 
system unfolded through its programming for capital accumulation and 
economic growth that show the externalisation of social costs of produc-
tion through private enterprises as negative concomitants of development. 
Externalisation, the shifting of burdens of natural resource use like envi-
ronmental pollution to other social groups, countries and to ecosystems, 
is growing with the quantitative growth and intensifi cation of natural 
resource use during modernisation. Th e trend towards externalisation is 
through the  environmental policies—that started, nationally and inter-
nationally, in the 1970s—not yet signifi cantly changed. In the history of 
modern capitalism, externalisation was practised through the colonisation 
of the Global South that became the cheap resource base of the capitalist 
world system. Th e historical externalisation processes included destruction 
of nature in the colonies, ruin of civilisations, massacres of indigenous pop-
ulations, and slavery. Th e colonial economy supported the breakthrough 
of industrialisation in the European core countries as a societal transfor-
mation through unequal exchange and colonial exploitation of humans 
and nature. Th e later development of industrial society included modifi ca-
tions of the externalisation process with relocation of polluting industries 
from the industrialised countries to the newly industrialising countries 
and the Global South. Th e self-destructive mechanisms of the modern 
world system have been analysed fi rst in the critical political economy, in 
the analysis of previous accumulation and of the exploitation of humans 
and nature in modern capitalism. Later Polanyi and others described this 
as the self-destruction of the growth society, and more recently Beck as 
environmental consequences of the risk society (see Chap.   2    ). 
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  Th e dynamics of societal system transformations  are summarised by 
Fischer-Kowalski et al. in a historical perspective, interpreting the new 
transformation towards sustainability as a rupture of path-dependent 
development of modern society and its industrial socio-metabolic regimes 
(based on the use of coal, oil, gas). Th is can happen in partially man-
aged and regulated transformation or in unwanted chaotic, violent, and 
catastrophic processes where the transformation is done instead through 
human action, through natural hazards and catastrophes following from 
climate change, lack of natural resources, and pollution of the environ-
ment. Fischer-Kowalski and other social ecologists (Fischer-Kowalski 
 2007 ; Fischer-Kowalski and Haberl  2007 ) formulate a theoretical model 
of the transformation process with ecological and evolutionary ideas. 
Socio-ecological regimes are constructed in abstract terms as systems with 
adaptive and transformative dynamics:

 –    Processes within a regime (e.g. the present industrial metabolic 
regime) include gradual change, adaptation, and path dependence 
during the regime development that can be interpreted as 
“maturation”.  

 –   Th e system comes into crisis through external or internal factors 
(the industrial regime through the present overuse and scarcity of 
natural resources in general and fossil energy resources more 
specifi cally).  

 –   Th e crisis interrupts the development path and results in a transfor-
mation towards a new regime.    

 Th e historical transformation to the industrial metabolic regime hap-
pened with the industrial revolution; the new transformation to come 
is not the digital revolution of information technology that is expected 
to allow the economic system to continue without dramatic ruptures, 
but a new great transformation triggered by the resource and energy 
problems. 

  Th e theoretical core concept for a systems analysis of SES is that of socio- 
metabolic regimes  with diff erent system components—the fi rst three of 
the following components are core components of the social-ecological 
theory (Fischer-Kowalski et al.), including the societal modes of produc-
tion and reproduction:
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 –     A socio-metabolic profi le  is a system of energy and material fl ows 
connected to economic production and consumption (fl ows that 
can be measured per capita of human population).  

 –    A certain pattern of use and change of nature/environment  is con-
nected with the societal metabolism: land use, resource exploita-
tion, pollution, eff ects for biological evolution—the specifi c forms 
of colonisation of nature in a given society.  

 –    A resource management system is  organised with the help of infra-
structures (transport and communication systems) and specifi c 
technologies (in agricultural, industrial production).  

 –    Specifi c institutions for economic and political governance  (market 
order, law systems, national and international political systems) 
frame the resource-management processes.  

 –    A pattern of demographic reproduction  structures human forms of 
life, life time, gender relations, and forms of human labour and 
employment (the components four and fi ve transfer the systemic 
components of a society or socio-economic system into specifi c 
forms of public action, government and governance, and into the 
organisation of social and biological reproduction in the social 
lifeworld).  

 –   It is assumed that between the diff erent components of a social- 
ecological regime,  between the socio-economic system and its natural 
environment, positive or negative feedbacks are possible ; all regime 
components include interaction of social and ecological systems.    

 With the social-ecological regime concept societal development is not 
interpreted as a linear process, in contrast to older evolutionary concepts, 
or as repeating a limited number of cycles, as the model of the adaptive 
cycle in ecology. Development can be interrupted and the system can fall 
back in earlier stages of the same path. System transformation is not a 
determined process; the future appears as open, better: as unknown. Th is 
view of a non-deterministic, contingent development is compatible with 
Wallerstein’s analysis of the modern world system and its genesis as a result 
of the system crisis of medieval European feudalism. It is also compat-
ible with the ecological description of ecosystem dynamics, for example, 
in resilience research. Th e abstract conceptualisation of  social- ecological 
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transformation makes sense when it is connected to a theoretical sys-
tems analysis of the modern industrial society. Th e model of the trans-
formation process described by Fischer-Kowalski is based on historical 
comparison of societies and knowledge about prior societal transforma-
tion processes in human history. In its abstract form and evolutionary 
logic, the transformation process is not suffi  ciently contextualised. Th e 
social-ecological change in the perspective of the temporal perspective of 
“longue durée” in history can be described as one of connecting two time 
scales in coupled social and ecological systems, where the specifi c pro-
cesses in each system type infl uence the processes in the other type (e.g. 
the capitalist accumulation regimes infl uence the processes of ecosystem 
development and its adaptive cycles and the other way round). Planning 
processes in public policy and resource management have a time per-
spective of less than a decade, scenario analyses of several decades. Th e 
transformation of industrial society towards a more sustainable society 
is cautiously estimated as a process of several generations (but probably 
underestimated, it may take hundreds of years). Beyond that all views of 
the distanced future are indefi nite. 

 Th e social-ecological view of transformation to sustainability and the 
theoretical core concept of societal metabolism require further analyses 
of societal transformation:

    5.     National and international policy programmes for sustainable develop-
ment need to be assessed:  Governmental sustainability policies have 
been implemented by nearly all states and international institutions, 
but global assessments show their lack of eff ectiveness and success. 
After two decades of policies under the guiding idea of sustainable 
development the policy in some, especially European, countries is 
wrongly interpreted as success. Rice ( 2007 ) called this the “rich coun-
try illusion eff ect”: improvements of environmental quality in early 
industrialising countries imply the shifting of pollution to other, 
newly industrialising and Southern countries. Th e Millennium 
Ecosystem Assessment ( 2005 ) showed mainly continuing deteriora-
tion of ecosystems, and necessary policies to halt the negative trends 
are not on the way. Also climate policy has, after some early success, 
since the fi rst decade of the twenty-fi rst century failed. Th e conference 
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“Rio+20” in 2012 resulted in a non-binding declaration which is seen 
as failure. All that sums up to lack of success of policies of sustainable 
development, with two possible conclusions: 

 –     To give up policies of sustainable development, for which an argu-
ment seems: sustainable development is impossible because of the 
complexity of the global processes to manage for which never suf-
fi cient knowledge will be available (Benson and Craig  2014 ). Th is 
can be seen as an attempt to avoid the other conclusion.  

 –   To improve the processes of environmental policy and governance 
with a diagnosis of policy failures and choice of new or other policy 
instruments and approaches.        

 Th e fi rst conclusion is rather an intellectual capitulation facing the 
contingencies and complexities of processes to analyse. In ecology, the 
argument that humans cannot understand and manage the complexity 
of ecosystems is easily mobilised; it is part of a tradition of ecology as sci-
ence that is aware of its knowledge limits. With the second conclusion, it 
is possible to argue more consequently for a renewal and improvement of 
the sustainability process and seeking knowledge and methods for that. 
Th is is also possible with the conviction “it is already too late”, often 
argued in critical assessments of climate policy that is a key to further 
success of sustainable development. Sustainability can be achieved only 
when the transformation process is continuing, even under deteriorating 
environmental conditions. Transformation seems necessary as the diffi  -
cult process of changing the societal use of natural resources. Arguments 
for a transformation include the limited availability of natural resources, 
the overuse of natural resources and the overshoot of carrying capac-
ity of ecosystems, the functional disturbance of ecosystems and natural 
cycles, and the social consequences of global social and environmental 
change. Global sustainability, seen with regard to these processes, requires 
a change of the mode of production or the societal metabolism of indus-
trial society. Th is change—what it means for the people in the affl  uent 
and for that in the poor countries—is not suffi  ciently understood with 
the vague idea of intra- and interdisciplinary solidarity in resource use as 
the core of sustainable development.

4 Sustainability in Social-Ecological Perspective 155



    6.     Transformation to sustainability is dependent on — not determined by —
 the system structures and functions of modern societies and the globalis-
ing economy.  Structures that block sustainable development are such 
that they keep modern societies on their path of economic growth 
under conditions of inequality: markets, capital, and private prop-
erty; specifi c social and class structures: inequalities between social 
groups, regions, and countries in terms of political and economic 
power; unequal global fl ow and exchange of natural resources; 
unequal exchange and distribution of resources (Rice  2007 ,  2009 ). 
Th ese structures of modern society have been created through the 
capitalist world system (Wallerstein  2000 ); its continuous develop-
ment, modernisation, and innovation depend on the maintenance of 
power asymmetry and unequal access to resources. Most of the prob-
lems emerging in the interaction of society and nature as environ-
mental pollution, environmental change, deteriorating ecosystem 
functions, and overuse of natural resources are consequences of such 
inequalities: the problems are not human made in an anthropologi-
cal sense of being species-specifi c behaviour of humans, but conse-
quences of the modern industrial society and its forms of societal 
metabolism.   

   7.     Power asymmetries and inequalities in the modern world system make 
transitions to global sustainability diffi  cult.  Transitions require changes 
of the political institutions and the mechanisms that direct the policy 
process and decision-making to achieve sustainability (see Chap.   6    ). In 
the global scenario debate, there is some awareness of the problems 
resulting from power structures and social inequality, but no adequate 
theory-based analysis. According to Stutz ( 2009 : 49) transition to sus-
tainability requires reduction of environmental impacts and reduction 
of economic growth, which makes the process diffi  cult. But the only 
means to deal with that is an “income transition” which does not 
refl ect the complexity and the system contradictions in the modern 
economic world system. A further question is the change of political 
and economic power structures in the global system. Th is change can 
be approached through the analysis of social movements that initiate 
changes of lifestyles, outside the public policy process and in specifi c 
forms of collective action. In many of these social processes,  knowledge 
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and experience relevant for the transformation to sustainability are 
generated. It seems necessary to analyse, for purposes of sustainability 
governance, the social spheres and forms of collective action and 
knowledge generation: 

 –     Th e forms of collective action that are described in the social sci-
ences as social movements, formal organisations, enterprises, net-
works, groups, and coalitions of these diff erent actor types  

 –   Th e forms of knowledge generation described in social research as 
new inter- and transdisciplinary forms of knowledge production 
through cooperation of diff erent social actors and knowledge 
bearers        

 Th ese processes are to a large degree outside policy, governance, man-
agement, and planning processes. Global governance and regulation of 
societal relations with nature require analyses of these broader processes 
that aff ect the transitions to sustainability. Not all of these analyses are 
possible with social-ecological theory of nature–society interaction, but 
important parts are analyses of interactions of societal and ecological sys-
tems, systemic structures and constraints in the global economy, pos-
sibilities of environmental movements and civil society action, changing 
forms of lifestyles, and public and private consumption. 

 Th e changes of knowledge practices in the seven points above are all 
to be realised with the help of interdisciplinary knowledge generation 
and use of available knowledge from a variety of theories described below 
(Table  4.2 ).

       Interdisciplinary Analyses of Sustainable 
Development 

 Th e badly understood complexity of interacting SES, the wicked prob-
lems, and the fact that the transition to sustainability requires global 
governance are not the only reasons of limited success of sustainabil-
ity policies. Insuffi  cient analysis of the interaction between social and 
ecological systems that results in simplifi ed views of the transitions to 
sustainability counts as more widespread practice for disorientation and 
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diffi  culties in sustainability practices that are often covered through nor-
mative ideas and visions that seem to justify the action suffi  ciently. Why 
much of the available knowledge about modern societal systems is not 
used in the sustainability discourse can, to some degree, be explained 
with the competing diagnoses and knowledge off ers from diff erent dis-
ciplines and theories that keep the transformation debate in continu-
ous controversies about the relevant knowledge and the adequate forms 
of governance. Th e failures of global environmental policies in the past 
and the continuing diffi  culties indicate the necessity of renewals of the 
governance process, especially the slowdown of global climate policy in 
the governmental negotiations in the past decade. Th e neoliberal consen-
sus about the green economy is delaying or preventing important policy 
reforms that could open possibilities of transformation. Further diffi  cul-
ties result from

 –    the lack of success and slowdown of many local and national initia-
tives and policies aiming at sustainable development;  

 –   the rapidly increasing multi-scale confl icts that have been called 
economic and ecological distribution confl icts (Martinez-Alier);  

 –   the slow processes and diffi  culties in rebuilding the national energy 
systems based on the metabolic regime of industrial society with 
fi nite fossil energy resources;  

 –   the decarbonisation of national economies to combat climate 
change and achieve sustainability (carbon sequestration, capture 
and storage of atmospheric carbon dioxide, additional to natural 
processes, in sinks like saline aquifers, oil fi elds, or ocean water, 
wetlands);  

 –   the continuing economic growth of the global economy annihilat-
ing eff ects of resource saving and dematerialisation of production.    

 Th e renewal of global environmental governance and eff orts to knowl-
edge synthesis and global assessment require complicated and confl icting 
processes of developing transformative agency:

    1.     Integrated analyses of vulnerability, resilience, and sustainability  (dis-
cussed in Chap.   3    ) are fi rst steps of creating an interdisciplinary 
knowledge base for transitions to sustainability. Th ey are based on 
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data from local or regional social-ecological systems, analysing global 
change by making visible its consequences and eff ects at sub-global 
levels. Local or regional analyses can be networked to enable multi- 
scale environmental policy and governance. Analyses of local, regional, 
and national transition processes using data from global resource fl ows 
support the reconstruction of connections between local and supra- 
local systems and processes. Knowledge from social-ecological systems 
analyses can fi nally help to understand the lacking success of sustain-
ability policies guided by normative, visionary, and illusionary ideas of 
sustainable development.   

   2.     Global assessments of interacting SES:  Th e analysis of interacting global 
social and ecological systems in the  Millennium Ecosystem Assessment 
from 2005  has not yet used much social-scientifi c knowledge about 
the modern society and economic world system. Nevertheless, it 
showed that sustainability requires further changes than the ones 
appearing in policies. Th e Millennium Assessment identifi ed many 
maladaptive processes of societal interaction with nature directing 
towards rapidly deteriorating environmental conditions, resource 
scarcity, and disturbance of ecosystem functions. Th e conclusion from 
the assessment is that most of the changes in economics, politics, and 
in forms of production and consumption required for global transi-
tion to sustainability are not on the way. Further examples for critical 
global assessments include the critical report of IAASTD ( 2009 ) 
assessing agricultural development and the possibilities to change it 
towards sustainability, or the global scenario debate. In the expertise 
of the German Scientifi c Committee for Global Change (WBGU 
 2011 ), three priority areas of action for a great transformation to sus-
tainability identifi ed include climate change, land-use change, and 
urbanisation. Th is prioritisation is not based on an elaborate theory, 
but the three megatrends with closely interacting processes of global 
change show important problems to deal with in transformation to 
sustainability. Th ey imply further analyses of processes that are part of 
the societal metabolism of modern society: population growth, food 
production, and production of waste and toxic substances as by- 
products of industrial production.   
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   3.     Critical assessment of path-dependent societal and economic development:  
Following the description above, global transformation requires envi-
ronmental governance and regulation of societal relations with nature 
that direct towards a rupture of path dependency in the development 
of modern society, a transformation of global power structures and the 
economic growth mechanism. Knowledge about modern society and 
economy and about the global environmental change analysed in eco-
logical research is available from interdisciplinary system analyses of 
SES in social and political ecology, especially regarding climate change 
and transformation of energy regimes (see Chaps.   7     and   8    ). Reducing 
socially and environmentally ruinous exponential growth becomes the 
key for developing transformational agency and is meanwhile more 
intensively discussed in the public, among scientists and political 
actors (see “New Scientist” 2008, special issue “Th e Folly of Growth”), 
not only in the international “degrowth” movement that developed in 
the past decade.    

  Th eoretically based societal systems analyses (as suggested in Chap.   2    ) 
have not been carried out in the global assessments, but these included at 
least relevant knowledge about resource use practices, so that the diffi  cul-
ties of successful global transition to sustainability became clearer and 
improved transformation strategies can be formulated. Economic growth 
is continuing with the neoliberal consensus as mechanism to deal with 
the crises it generated. Continuing growth, intensifying use of natural 
resources, pollution and ecosystem degradation, and loss of biodiversity 
and cultural diversity show that the modern world system and its sup-
porting political institutions are not transforming, only adapting. 

  Th e progress of transitions to sustainability  depends on improved knowl-
edge and governance practices to deal with the inherent confl icts, the 
transformation of the global socio-economic system, and the blocking 
of this transformation through vested interests of powerful actors and 
institutions in global policy .  Th e mechanisms of self-blockade of the sus-
tainability discourse are visible in small eff orts to initiate and implement 
sustainability policies in many countries and in international policies, in 
wrong and inadequately designed policy programmes (e.g. in European 
countries the failure of strategies of integrated coastal zone manage-
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ment: see Chap.   7    ), in non-addressing of ecological distribution con-
fl icts, in lacking institutional change. Under continuing economic crises, 
the short-term requirements to stimulate economic growth annihilate 
eff orts and success of sustainability initiatives. Inherent weaknesses in the 
 sustainability process are studied in critical analyses of system transforma-
tion (described in Table  4.2 ) that show further requirements of research. 

 Th e approaches described in Table  4.2  can be used in social-ecological 
analyses of coupled social and ecological systems, although they are not 
fully coherent. Th ree forms of critical analysis are important for  the con-
struction of coherent strategies for a global transformation to sustainability: 

    1.     Analysis of factors blocking sustainable development:  Sustainability is less 
hindered through ignorance or unwillingness, more through compli-
cations in the processes of transformative governance. Th ese compli-
cations are of diff erent kind: 

 –     Th e heterogeneous and changing interests of actors and the con-
fl icts in the resource-management processes at various levels require 
complicated integration processes.  

 –   Th e power structures in established institutions, in political and 
economic systems (including powerful vested interests), are not eas-
ily changed.  

 –   Insuffi  cient knowledge is used in policy and governance about the 
structures, functions, and processes of interacting social and eco-
logical systems.    

   It seems impossible to achieve sustainable resource use without 
changes of the economic world system that is programmed for global 
inequality, further economic growth, and intensifi cation of natural 
resource use. Th e transformation to a resource- saving economy and 
the fair distribution of natural resources between countries make 
changes of economic and political institutions necessary. Some of 
these changes are shown in global scenario analyses. Changes of insti-
tutional structures and reduction of economic growth need to be 
enforced against the resistance of powerful actors and the short-term 
interests of maximising welfare for presently living generations. Th e 
transformation to sustainability requires other institutions and forums 
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of debate and further knowledge generation, integration, and transfer. 
A widening of the discourse includes new forms of public discussion, 
collective action, and knowledge integration.   

   2.     Analysis of contradictions and confl icts in the sustainability process:  A 
doubtful construction of the sustainability process is the idea of a 
“win–win-process”, assuming economic advantages for all actors and 
ignoring unequal access to resources or unequal distribution of envi-
ronmental burdens. Analyses of dilemmas and confl icts in natural 
resource use and management are not well developed in environmen-
tal research and resource management. Ostrom’s collective choice 
theory, arguing in a public policy perspective, has works without 
sophisticated forms of confl ict analysis and confl ict resolution, 
although she formulates this as a necessary point in her criteria for 
local approaches to sustainable resource management (see the 
Appendix). More useful with regard to confl ict mitigation as part of 
strategies of sustainable resource management are the theoretical anal-
yses of ecological distribution confl icts by Martinez-Alier ( 1995 , 
 2004 ) and further forms of cultural or economic distribution confl icts 
(Escobar  2006 ). Th e sustainability process can be seen as full of con-
fl icts that need to be solved in the resource-management process. 
Th ese confl icts emerge because of diff erent interests of actors, incom-
patible institutional goals, and internal contradictions in societal and 
economic systems. Some of the “system contradictions” come into 
view in social-ecological analyses of unequal exchange and global 
resource fl ows in which ecological distribution confl icts appear, but 
redistribution of resources as confl ict reducing or preventing process 
does not yet exist in signifi cant degrees. Redistribution policies work 
better in the European countries than between rich or core countries 
and countries in the periphery of the world system, for example, the 
Global Environmental Facility for funding projects worldwide to 
improve the global environment. Global sustainability requires stron-
ger redistribution mechanisms and prevention of the shifting of envi-
ronmental problems and burdens from rich to less developed countries, 
from productive to extractive economies. Th is phenomenon called by 
Rice ( 2007 ) as “rich country illusion eff ects” is a source of additional 
confl icts.   
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   3.     Analysis of multi-scale processes in the transformation to sustainability  
include autonomous processes, not only managed change and gover-
nance. Th e processes that aff ect transformation can be systematically 
described in systems analyses of interacting SES as manageable, indi-
rectly manageable, and non-manageable components. Non- 
manageable components include such that are too complex or follow 
a specifi c system logic of development: modes of production and 
reproduction in social and ecosystems, many of the risks and unplan-
nable events and disturbances analysed in resilience research, espe-
cially systemic risks resulting from global social and environmental 
change. Complex interacting systems show the limits of governance 
and public policy processes. Th e debates about global environmental 
change in the anthropocene brought ideas of managing complex sys-
tems as the global climate or the earth system, for example, in ideas of 
geo-engineering, but only few ideas to deal with ecosystem complexity 
in “governance beyond management”.    

  Advancing from studies of local sustainability to more complex sys-
tems and multi-scale processes requires—beyond empirical research and 
conceptual modelling of systems complexity—new forms of knowledge 
generation. Epistemological and methodological procedures to integrate 
local and global analyses of SES and to structure knowledge syntheses are 
not yet advanced (see the Appendix).  

    Integration of Sustainability Analyses 
in Political-Economic and Social-Ecological 
Theory 

 Further progress in understanding the problems, diffi  culties, and pos-
sibilities of global transformation to sustainability depends on the avail-
ability of extended systems analyses: connections of political-economic 
and social-ecological systems analyses of the modern world and earth 
system, analyses of the inherent contradictions and blocking mechanisms 
in both systems, and theory-guided analyses of possibilities of degrowth 
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and de-commercialisation of natural resource use. Preliminary forms of 
such extended systems analysis developed

 –    in political economy that was renewed in human ecology (Schnaiberg 
 1980 ; Schnaiberg and Gould  1994 );  

 –   in social ecology that adopts several theory components from criti-
cal political economy, critical theory of society (Brand  2015b ), 
world system analysis (Wallerstein  2000 ), and analysis of global 
unequal exchange (Rice  2007 );  

 –   in ecological research on interaction and coupling of social and eco-
logical systems (Janssen  2006 ; Janssen and Anderies  2007 .)    

 Th e analysis of transformation of energy regimes (see Chap.   8    ) can be 
seen as a core component of the transformation of modern society and 
economy to sustainability. Th e industrial society depends on high levels 
of energy throughput that are programmed from its societal metabolism 
and growth mechanisms. Nature–society interaction in modern society 
implies an intensity of human use of material and energy resources that 
is only possible through strong modifi cations of ecosystems and global 
material cycles (water, nitrate, phosphate, etc.). Th ese modifi cations dis-
turb the ecosystem functions and tend to exceed the planetary bound-
aries of resource use. Th is trend towards intensifi cation and growth of 
resource use cannot continue long time without triggering ecological 
and economic collapses. Th e future mode of production needs to be one 
reducing global resource use to lower levels, going away from growth- 
dependent development. Th e knowledge available for the formulation 
of transformation strategies that aim to leave the path of growth is syn-
thesised in social-ecological analyses of societal metabolism of histori-
cal and modern societies (Fischer-Kowalski and Haberl 2007; Krausman 
and Fischer-Kowalski  2010 ; Haberl et al.  2010 ; Fischer-Kowalski et al. 
 2012 ). Th e social-ecological perspective of the transformation to sustain-
ability is described by Haberl et al. ( 2010 ) in four main points:

 –    A historical perspective for the analysis of long processes continuing 
over hundreds or thousands of years (modes of production or socio- 
metabolic regimes that remain stable for long time through 
 adaptation, whereas transitions between regimes are seen as great 
transformations of nature–society interaction in shorter times).  

166  Social-Ecological Transformation

http://dx.doi.org/10.1057/978-1-137-43828-7_8


 –   A view of sustainability as a temporally unlimited exchange between 
nature and society (this seems impossible in the industrial system 
that is overusing the natural resource base; examples for sustainable 
systems can rather be found in land use and agriculture).  

 –   Th e future forms of a sustainable society or mode of production are 
unknown (cannot be suffi  ciently projected with the help of ideas of 
an ecologically ideal economy, e.g. as local systems of circular 
economy).  

 –   Transformation is a rupture of present path-dependent develop-
ment and growth (visions of wanted futures in global scenarios 
are to some degree useful to trace diff erent transformation 
possibilities).    

 Th e transition theory is elaborated further by Fischer-Kowalski et al. 
( 2012 ), where a framework for the analysis of socio-ecological transitions 
between diff erent energy regimes and concomitant ecological changes is 
outlined. According to this analysis, European countries have completed 
the historical transition into the fossil fuel-based industrial regime and 
reached an energetic and material stabilisation phase at high levels. Th e 
new transition to sustainability, away from fossil fuels, has just begun 
in Europe. Many countries of the Global South (where a large part of 
the human population is living) are not yet in the industrial system; for 
the industrial countries they are only important as extractive economies 
that deliver natural resources. Th e late industrialisation in some large 
countries (Brazil, Russia, India, China, South Africa: BRICS) may cause 
further delays and diffi  culties in the global transformation. Th e dynam-
ics of global transformation include dis-simultaneity of social-ecological 
transformation. Referring to the historical transition to industrial society 
with its profound economic and technical change of the forms of human 
labour, Fischer-Kowalski et  al. discuss potential conditions and forms 
of transforming labour in the future sustainable society. To estimate the 
quantitative dimensions of the future transformation, six global mega-
trends are extracted from a literature review:

 –    Th ree societal megatrends (population dynamics, shifting economic 
and political centres of development, new information technology 
and knowledge sharing)  
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 –   Th ree megatrends in the natural components of SES (transforming 
energy systems, problems of resource security, increasing climate 
change impacts)    

 Most of these trends imply contradicting information about possibili-
ties of transformation. Th e conditions under which system transforma-
tions can happen vary between mediated (soft) forms under favourable 
conditions and non-managed (hard) forms of catastrophic global social 
and environmental change. 

 To develop transformation strategies for European countries, the 
authors discuss three ideas that illustrate diff erent degrees of governed 
transformation: “no policy change”, “ecological modernisation”, and 
“sustainability transformation”. Th e scenario “business as usual” (no pol-
icy change) fails under favourable and unfavourable conditions. Th e eco-
logical modernisation scenario is for Europe successful under favourable 
conditions where market-based development and gradual change can 
continue. Th e sustainability transformation scenario is working under 
both conditions, but can better deal with a complex and quickly chang-
ing society and nature. 

 In the discussion of the new transformation the following question 
arises:  what can be learned from earlier societal transformations in human 
history for transition to global sustainability ? Th e transition to sustainabil-
ity is not a return to historically older forms of society or resource use. 
Analyses of earlier “great transformations” do not help much to under-
stand the process of a global transition to sustainability. Th e course of 
this transition is to a large degree unknown. Th is supports the idea of 
 partial and indirect regulations and governance, seeking stepwise solutions 
and ways to the future in a variety of knowledge practices: knowledge synthe-
ses, scenario analyses, simulations, policy experiments, systems analyses, and 
theoretical refl ection . Analyses of temporal structures in human societies 
and social action are useful to connect the past and the future. For Tilly, 
human history is a sequence of futures built by humans with the help 
of their visions of the future (Tilly  1997 : 583). How the near future 
appears in social and economic action is visible from risk, vulnerability, 
and resilience analyses, and from the attempts to protect against nega-
tive future events by way of assurance, contracts, planning, organisational 
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development, social learning, and adaptation. Th is is the temporal per-
spective of the future in modern society since its beginning. Reducing the 
time horizon of sustainability to such short-term perspectives of return-
of- investment and planning individual courses of life would imply to 
give up the perspective of transformation to sustainability in favour of 
“muddling through” and living with awareness about risks, catastrophes, 
and unexpected events. Th is seems the alternative when sustainability is 
replaced through resilience as the guiding idea for formulating pictures 
of the future. Th e view that the future is unknown—infl uenced through 
collective and individual decisions made today but unforeseeable—seems 
to suppress further and systematic thinking and knowledge practices to 
imagine possibilities of transforming societal systems. 

 Knowledge from critical systems analyses of the global economy and 
of ecosystems is useful for thinking through the conditions of transitions 
to sustainability and identifying limiting and enabling factors, potentially 
successful or failing strategies. Th is strategy of knowledge seeking and of 
balancing knowledge and ignorance is open for changes, corrections, and 
improvements. A theory of nature–society interaction is one form, not 
the only one, to collect and synthesise the knowledge available and make 
better-informed guesses about transitions to sustainability. Other pos-
sibilities, not discussed further here, include more widespread attempts: 
mathematical modelling global development or climate processes, sce-
nario analysis as pre-theoretical construction and envisioning of possible 
futures, and global assessments of the interaction of nature and society (as 
in the Millennium Ecosystem Assessment). 

 Some discussion can be found about the scope of a social-ecological 
theory of transformation in earlier social-ecological research. It cannot be 
a theory of co-evolution of nature and society which provides a biologi-
cally preformed view of development and change. Biological and social 
system components that can co-evolve are specifi c and limited, which 
need to be identifi ed through theoretical refl ection (Weisz  2001 : 115f ). 
Th is discussion needs to be elaborated, asking at which levels of bio-
logical organisation (genes, organisms, species, ecosystems) and of social 
organisation (individuals, social groups, social communities, societies) 
evolution and co-evolution of coupled social and ecosystems are possible 
and in which forms. Th e co-evolution debate is controversial, similar to 
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the whole sustainability debate, because of the heterogeneous defi nitions 
and interpretations of the concepts. Transferring the biological theory of 
co-evolution of species to a social-ecological theory of co-evolution of 
society and nature (Norgaard  1984 ) seems one of many forms of analo-
gous reasoning that can be criticised with the social-ecological theory. 
Th e other question to elaborate by way of theoretical refl ection is: how 
to connect co-evolution with strategies of sustainable transitions? At this 
point the clarifi cation of limiting factors in biological and socio-cultural 
evolution is necessary. Weisz ( 2001 ) suggests time as measurable factor. 
Th e adoption of the term evolution in the social sciences for analysing 
socio-cultural change shows a variety of temporal structures in social 
systems that do not match with these in ecosystems. Th e diff erences of 
biological and societal time scales and regimes are signifi cant. What the 
diff erences of temporal structuring of processes in nature and society (dif-
ferent types of short-term and long-term, cyclical and linear structures, 
disruptive and stable time regimes) imply for the coupling of social and 
ecological systems is not suffi  ciently analysed. Th e theoretical systems 
analysis of SES in political-economic or social-ecological perspectives 
adds to the conceptualisation of space and time in physics a more com-
plex picture of time, social and ecological diff erentiation, and fl uidity of 
time and space in societal development.  

    Conclusion: Social-Ecological Transformation 
to Sustainability 

 With the concepts and theories discussed in Chaps.   3     and   4    , several steps 
of the development of a social-ecological theory of transformation to sus-
tainability have been described:

 –     Preparatory analyses of vulnerability, resilience, and sustainability  as 
part of ecological analyses of the systemic dynamics of coupled 
social and ecological systems  

 –    Formulating a broader interdisciplinary perspective of sustainable 
development beyond normative and policy-centred perspectives  to 
describe the processes of social and ecological change that are part 
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of sustainable development (but often neglected in the ecological 
discourse)  

 –    Reformulating strategies of sustainable development in policy and 
resource management,  using theoretical and social-ecological knowl-
edge to identify potential problems and hinders in the transforma-
tion process  

 –    Formulating  potential  trajectories of transformation towards sustain-
ability with  knowledge from a social-scientifi c and ecological 
research.    

 Th e theoretical re-interpretation of sustainability thinking has three 
major consequences regarding knowledge use in research and policy:

    1.     Re-formulating the perspectives in the policy-centred sustainability dis-
course:  Th e sustainability discourse shows inclinations of political 
actors, environmental movements, but also of researchers, to reduce 
sustainable development to a political and politically steered process 
for which mainly knowledge about the power structures and processes 
in political systems is required. Th e more complicated processes of 
transforming societal, economic, and social-ecological systems are 
neglected. More complex, process-oriented views of the future, beyond 
political visions and normative ideas about the good society, help to 
formulate realistic transformation strategies. Integrated knowledge 
from social and ecological research can be used to design strategies and 
to prepare for the changes to be expected on the way towards sustain-
ability. Th e “learning of passages into the future” happens in similar 
forms as discussed by Ostrom et al. in the critique of panaceas as uni-
versal forms of solving environmental problems. Panaceas indicate 
lack of knowledge and can be replaced through better strategies with 
improved knowledge about the processes of change in social and eco-
logical systems. Whether and how such learning happens among the 
actors, how much time it requires, is diffi  cult to foresee. Th e alterna-
tive of not continually improving strategies of sustainable develop-
ment or governed transformation to sustainability is that of waiting 
for catastrophic forms of environmental change where disasters and 
resource scarcity “act” and enforce sustainability in unwanted forms 
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through collapse of the modern societal and economic systems. In the 
debates of limits to growth and now of climate change are such cata-
strophic scenarios possible variants of the transition to sustainability.   

   2.     Re-assessing the sustainability of coupled social and ecological systems:  
Th is requires interdisciplinary knowledge integration to improve the 
understanding of possibilities of transformation .  Sustainability as an 
overarching term for social-ecological research needs to be re-analysed 
with regard to forms, coupling, and functioning of diff erent types of 
social and ecosystems, for  contradictions, controversies, and confl icts . 
Th ese “three c’s” appear at local, regional, national, and global spatial 
levels of analysing SES, caused by social, political, and economic 
structures, and asymmetric power relations and incompatible inter-
ests. Th e fi rst conclusion from the existence of systemic tensions is 
global sustainability requires prevention of shifting of environmental 
problems and burdens from rich to less developed countries, or from 
productive to extractive economies. Sustainability seems impossible 
within a divided economic world; social-ecological analyses of trans-
formation ask for more theoretically refl ected knowledge than most 
social and ecological theories off er. To synthesise knowledge is not an 
aggregation of always larger datasets, but an abbreviating methodol-
ogy, including the use of available knowledge from diff erent 
disciplines.   

   3.     Re-conceptualising the generation and co-production of knowledge in sus-
tainability analyses:  Analyses of knowledge practices in policy and gov-
ernance processes are more found in social-scientifi c research, as the 
theories discussed in Chap.   2     show (refl exive modernisation, ecological 
modernisation), whereas in ecological research the functionalist think-
ing in terms of adaptation, cyclic processes, and resilience prevails. In 
the social sciences, knowledge appears as generated in social processes 
of interaction and cooperation, in dialogical and discursive forms, in 
processes of education and learning, work and research, in varying cul-
ture- and language-bound processes. Knowledge production is con-
text-dependent or situated and relational as, for example, shown in the 
sociology of knowledge (Jamison  2001 ). In environmental, biological, 
and ecological research such arguments are not self- evident. Power 
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asymmetries and inequality appear in processes of communication and 
knowledge use as disturbing and distorting communicability, accept-
ability, and matching of interests. Some new forms of social and collec-
tive production of knowledge (participatory research, knowledge 
syntheses) came with recent development of inter- and transdisci-
plinary science.     

 Initial processes of the complicated and long (several generations) 
process of transformation to sustainability are described in the following 
chapters: the operationalisation of nature–society interaction in terms of 
SES and ecosystem services for the formulation of local and multi-scale 
transition strategies; the managerial forms of adaptive management and 
global environmental governance; global adaptation to climate change 
discussed in exemplary way for coastal areas; and transformation of the 
industrial energy regimes that are based on fossil resources. Other phe-
nomena of global change and environmental governance can be dis-
cussed in similar ways and connected to the sustainability discourse and 
process: land-use change, urbanisation, global food production, ocean 
management, modifi cation of ecosystems through humans, biodiversity 
loss, limits of growth, and scarcity of industrial key resources.      

    Appendix: Connecting Local and Global 
Strategies of SES—The Signifi cance 
of Empirical Knowledge 

  Knowledge about the complexity of local and global social and ecological 
systems:  Th e diffi  culties to advance from local to global complexity and 
from empirical studies of sustainable resource use to global strategies of 
sustainability are visible in the attempts to connect local and global social 
processes. Th ey require a science of complexity to integrate knowledge 
from empirical research systematically with theoretical knowledge, main-
taining discursive forms of knowledge generation and application to sup-
port learning, corrections, and improvements in all knowledge processes. 
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    (1) Ostrom: The Complexity of Local Resource 
Management—Principles of Sustainability 

  Management principles:  clearly defi ned boundaries; monitoring; costs and 
benefi ts should be proportional and fairly distributed between users; cre-
ating rights to organise; power of resource users for rulemaking (“collec-
tive choice arrangements”); graduated sanctions; mechanisms for confl ict 
resolution; nested enterprises—for larger resource-use systems (Becker 
and Ostrom  1995 : 119) 

  Learning from local systems analysis for global environmental governance: 

 –    Dealing with fast social and biophysical processes at all scale levels 
of SES (e.g. carbon emissions, population increase and migrations, 
overharvesting and pollution, loss of species)  

 –   Strong diagnostic methods for analysing the diversity of processes 
and the multiplicity of potential social and biophysical solutions to 
cope with the variety of processes  

 –   Avoiding simple solutions to complex problems (often resulted in 
worse outcomes than the problems addressed)  

 –   Building an interdisciplinary science of complex, multi-level sys-
tems to match diagnoses, solutions, and social-ecological contexts  

 –   Analysing non-anticipated eff ects of policy interventions and devel-
oping multi-tier governance systems (Ostrom  2007 )     

    (2) Ecological Analyses of Urban Sustainability: 
Integrating Contrasting Results of Research 

      A theorem of impossibility of urban sustainability  
  Eugene Odum: great cities are planned and grow without regard for 

their nature as “parasites on the countryside”; the countryside supplies 
food, water, air, and degrades wastes. Odum ( 1993 : 263): cities are 
“parasites on the biosphere” which is not meant to belittle them but to 
be realistic.  

    A theorem of ecological advantages and disadvantages of cities  
  Rees ( 2003 : 116): cities have ecologically seen advantages as well as 

negative consequences—advantages as saving of space for settlement, 
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reducing transport, disadvantages as large ecological footprints result-
ing from the production of resources they need.  

    Possibilities to approach urban sustainability — analyses of urban 
metabolism  

  Wolman ( 1965 ): calculating the demand of energy, food, water, and 
emissions (sewage, refuse, and air pollutants) for a hypothetical city of 
one million. Urban metabolism provides a basis for assessing the sus-
tainability of cities (Schulz  2005 ). Extended Urban Metabolism 
(Alberti, Newman, Kenworthy, Newton) includes the physical, bio-
logical, and human basis of the city, including economic and social 
aspects of sustainability as the provision of social amenity, health, and 
well-being by the city (McDonald and Patterson  2007 : 181).  

    Material and energy fl ow accounting for urban areas  
  As components of global resource fl ows, material and energy fl ow 

analyses of cities (Kennedy et al.  2015 ) complement the calculation of 
ecological footprints of cities (Rees  2003 ).     

    (3) Local Systems as Part of Global Systems 

 Th e empirical social-ecological research on sustainability by Ostrom et al. 
has advanced to the point where a science of global complexity requires 
more knowledge than that from empirical social and ecological research 
to prevent simple solutions to complex processes that have frequently led 
to worse outcomes. Th e ideas to develop a science of complexity from the 
empirical research, embracing local and global sustainability, are limited 
as the refl ections of Ostrom ( 2007 , see above) show. Such complexity 
cannot be suffi  ciently analysed through empirical research and requires 
combinations of empirical research, modelling, and theoretical analyses 
of interacting SES. 

 With the dominant trend towards urbanisation and to mega-cities with 
many millions of inhabitants, cities become unsustainable. Th ey are part 
of the process of global modernisation that develops with ecologically 
unequal exchange (Rice  2007 ) and in multi-scale networking of resource- 
use processes. Th e natural and other resources for large cities cannot be 
provided from the surrounding environment, but through global trade 
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and exchange of goods and services. Cities become dependent on their 
development on a globalised economy.  

    (4) Knowledge Synthesis as Integration of Different 
Forms of Knowledge Production 

 Th e analyses of complex and interacting social and ecological systems 
require combinations of several forms of knowledge production (empiri-
cal research, modelling, theory construction, knowledge synthesis), and a 
variety of methods to make visible global complexity in local case studies 
and the other way round. A kind of “empirics of totality” (Bonss  1983 ) 
is described in the integration of analyses of vulnerability, resilience, and 
sustainability (Chap.   3    ). Diff erent forms and degrees of knowledge inte-
gration are, for example, described in the method of “progressive synthe-
sis” by Ford ( 2000 ) for ecological research. Interdisciplinary and global 
knowledge syntheses develop with the global assessments of the kind of 
the Millennium Ecosystem Assessment, or the IAASTD reports about 
agriculture (cooperative syntheses of many researchers from diff erent 
disciplines). 

 In the knowledge syntheses for governance, collective action and strat-
egies for sustainable development other forms and models of synthesis 
are important—“action syntheses”. Th ese include knowledge practices 
in rudimentary forms applied in the ecological approaches of adaptive 
management and governance (Chap.   6    ) and forms of transdisciplinary 
and participatory research. More of such practices develop in the social 
sciences: action research and practices of social movements as knowledge 
producers and knowledge users. Action syntheses include a large number 
and variety of forms of cooperation and social knowledge practices appli-
cable in environmental governance. Scientifi cally they are supported 
through analyses like that of Baecker ( 2007 ) about network synthesis of 
social action, and of the discussion of “societal synthesis” in the tradition 
of critical theory [theory-based analyses of the contradicting, inequal-
ity, and confl ict-based forms of system integration in modern capitalist 
society and economy (Sohn-Rethel  1985 ; Armanski  2015 ; Demirovic 
et al.  2015 ; Martin et al.  2015 )]. Action syntheses can be methodologi-
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cally described as triangulation of diff erent forms of knowledge genera-
tion, dissemination, and application, including theoretical analyses of 
the spatiality of knowledge production and of knowledge practices, the 
“spaces of global knowledge” in historical constellations (Finnegan and 
Wright  2015 ).    
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    5   
 Social-Ecological Systems 
and Ecosystem Services                     

         Social-Ecological Systems and Ecosystem 
Services: Genesis and Use of the Terms 

 Th e terms social-ecological system (SES) and ecosystem services (ESSs) 
are used in ecological research and in environmental policy.  In this chap-
ter, the theoretical assumptions and implications about nature and society in 
both terms are critically reviewed for the purpose to transform the terms into 
theoretically elaborate concepts.  To use the terms in theory-based interdis-
ciplinary research and knowledge integration requires methodological, 
epistemological, and theoretical refl ection and their modifi cation in dif-
ferentiated forms of application. Th e assumptions and hypotheses about 
relations and connections between social and ecological systems that 
guide the use of the terms show that they lack coherence and theoretical 
refl ection. In the elaboration of the social-ecological theory discussed in 
the preceding chapters, the terms need to be specifi ed and diff erentiated:

 –    An SES is a heuristic device to construct, by way of preliminary 
analysis and with insuffi  cient empirical and theoretical knowledge, 
social, and ecological systems as interconnected systems. Th e notion 



SES is based on the assumption that social and ecological systems 
are always interconnected. Th is assumption does not hold when the 
dynamics of social and ecological systems, their interaction and 
coupling, and causes of maladaptation in the development of cou-
pled systems are analysed.  

 –   With the term ESSs, connections between human society and 
nature are constructed, assuming that humans depend on a life- 
maintaining, producing, and resource-providing nature. Th is 
dependence is specifi ed in various benefi ts humans receive from 
ecological and life-sustaining functions of ecosystems as providing 
food and other, also cultural, services. Such services are not pro-
duced from nature alone. ESSs depend on varying degrees from 
human capacities, knowledge, and technologies in complex forms 
to co-production of services.    

 Th e following discussion is guided by the assumption that  the theoreti-
cal elaboration of SES as overarching term helps to reformulate the notion of 
ESSs for its use in an interdisciplinary perspective.  Diffi  culties with the use 
of the terms in ecological research and in a social-ecological perspective 
are discussed in the following seven points:

    1.     Th e construction of SES and ESSs requires in-depth analysis of the systems 
dynamics of social and ecological systems and of the possibilities of their 
co-evolution which is not done in the ecological research where the terms 
are used.  Th e concepts of co-evolution, of social and ecosystems are 
not easily combined and integrated as their review and interpretation 
with the help of interdisciplinary social-ecological theory shows. Naïve 
and speculative evolutionary theories as that of Spencer in the nine-
teenth century, assuming that the laws of evolution are the same in 
society and nature, are no longer in use. Yet, attempts to understand 
society in physical or biological terms continue, in systems theory and 
neo- evolutionism [see the ecological-evolutionary theory of Lenski 
( 2005 )]. Th e concept transfer from biological evolution theory to 
sociology in the systems theory of Luhmann can be seen as a limited 
and controlled experiment with the concepts of evolution, selection, 
and variation, more metaphorical use of the biological terms and 
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 creative technique to reformulate sociological knowledge in non- 
sociological terms than theoretical analysis and explanation; the his-
torically changing relations between society and nature are not 
analysed, but their consequences remain unclear. Th e manifold diff er-
ences between biological evolution and societal development can 
rather provide arguments against the use of the biological term evolu-
tion for social systems: the diff erences in time perspectives and scales, 
the signifi cance of culture and symbolic interaction for societal devel-
opment, the diff erences of social action from biological forms of 
behaviour, and the diff erent forms of development and change of 
social and ecological systems. In new ecological research on resilience, 
SES, and ESSs, the diff erences between social and ecological systems 
are not analysed in depth; the expectation seems that the lacking clari-
fi cation and refl ection of the concepts will happen somehow with the 
progress of empirical research. Th e new research areas create their own 
terminology for specialised research to become independent from 
prior research and its theoretical concepts.   

   2.     In ecology, the connection of social and ecological systems is assumed, not 
theoretically analysed.  To become a theoretical concept, SES requires 
more than stating by defi nition a coupling of social and ecological 
systems: to show the diff erent and changing forms of coupling of both 
system types in historically specifi c modes of production, socio- 
metabolic regimes, and systems of society. In ecological research with 
the notion of SES, the primacy of nature is assumed in an ahistorical 
and ontological sense. Th e ontological assumptions about the consti-
tution of the reality of social and ecological systems imply that there is 
only one reality that counts: the material world, inexactly described as 
nature, scientifi cally analysed in physics, biology, or chemistry. To 
interpret the material reality as non-social is one form of such reduc-
tionist thinking, others are the reduction of knowledge to information 
fl ows in physical and living systems that do not require culture, or the 
view SES as spatial or bio-geo-physical systems with specifi c social 
actors and institutions connected to it. Society or social systems are in 
such forms of naturalistic reductionism conceived as part of nature 
and investigated with a simplifi ed and inexact terminology, bypassing 
social-scientifi c terminology. Th us, large parts of social-scientifi c 
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knowledge about modern societies and their relations with nature can 
be ignored in ecological research. Society is seen as secondary entity, 
abstract system, and product of the human mind. In the fi nal analysis, 
society is reduced to a consequence of human brain development and 
a symbolic reality. Th e continuous materialisation of society in human 
action, natural resource use, economic production and construction 
of technical artefacts, or the social structuring of space and time and 
the manifold forms of social system types described in sociology are 
ignored in the reductionist view of SES. Th e reduction of societal sys-
tems and social reality to forms that can be described in natural- 
scientifi c terms cannot be done consequently and consistently; the 
relations and interactions between social and ecological systems are 
too complicated to be explained in a simple way through a priority 
monism. A more interdisciplinary knowledge culture that can inte-
grate diff erent methodological, epistemological, and theoretical per-
spectives has in the practice of ecological research hardly begun. Th e 
paradigm change that Scoones described (see Chap.   3    ) seems more to 
block than to support interdisciplinary knowledge synthesis; it helps 
to cut back ecological research to forms of analysis, interpretation, and 
explanation that are compatible with the ecological repertoire of con-
cepts and methods.   

   3.     Both terms of SES and ESSs require the identifi cation of the heterogeneous 
forms of coupling of social and ecosystems to improve their analytical capac-
ities.  For that purpose, further implications of the distinction between 
social and ecosystems need to be discussed. Does the assumption that 
the systems are coupled in forms that can be empirically described 
imply that their analytical distinction as social and ecological systems is 
wrong? Or does each system type represent a specifi c sphere of reality ,  
specifi c in its constitution and development, implying that the concep-
tualisation of social and ecological systems requires diff erent concepts, 
theories, and languages? With the second assumption, the coupling of 
systems cannot be reduced to a simple statement of embeddedness of 
society in nature; the forms of (dis)embeddedness need to be specifi ed 
for diff erent historical forms of societies and their natures, in terms of 
ecologically favourable or maladaptive change. When diff erent types of 
interaction between the systems are theoretically classifi ed and the 
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static dichotomy of two system types is  dissolved, the integration of 
sociological and ecological knowledge can be done in other ways than 
the selective knowledge use in ecological research. Th e diff erences 
between nature and society cannot be directly read off  from empirical 
research and data, but require a theoretical reconstruction of the types 
of coupling of social and ecological systems.   

   4.     To conceptualise the coupling between social and ecosystems requires a 
typology of the historically varying forms of connectedness and adap-
tive or maladaptive coupling of nature and society in SES.  
Classifi cations are an important method in ecology for the purpose 
of systematising available knowledge, and in this function they can 
be used to connect empirical research to theory. Without classifi ca-
tions of the forms of interaction between society and nature, the 
hybrid forms of nature and society in modern society, constructed 
as socio-natures or technological natures, remain unclear. Assuming 
that social and ecological systems are interconnected, the historical 
process of colonisation of nature by humans needs to be described 
and theoretically codifi ed to show the changing forms of intercon-
nection, the processes of constructing, shifting and lifting the bar-
riers between the spheres of society and nature in the history of 
human society, or the possibility of emancipation of society from 
nature through human culture and science. Hybrid forms of socio-
natures are discussed and sometimes formulated as historically 
changing relations to nature in modern society. Brondizio et  al. 
( 2009 : 253), for example, conclude from ecological research grow-
ing connectedness of resource-use systems and growing functional 
interdependencies of social and ecological systems. Th is may be 
seen as based on empirical observations, but shows the necessity of 
methodological and theoretical refl ection to understand the dis-
tinction between society and nature. Th e epistemological dilemma 
can be described as follows: 

 –     Social-scientifi c research and theoretical refl ection tends to separa-
tion and assuming emancipation of human society from nature.  

 –   Ecological research tends to confi rmation of increasing connection 
and interdependence of society and nature.    
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 How both forms of specialised research can be connected is one of 
the tasks of the social-ecological theory in progress.   

   5.    A theory-based analysis of interactions between ecological and social 
systems can generate  more precise concepts of SES and ESS and more 
convincing arguments for the production and transfer of services  than 
found in ecological research. Th e assumption of “ontological primacy 
of nature over human society” in the construction of SES and ESSs 
supports a biological reductionism in conceiving the coupled systems, 
underestimating the role of humans in them. A similar reductionism 
and biased terminology was discussed by Weisz (see the Introduction) 
as blindness of social scientists for natural-scientifi c research and the 
other way round. Th e concept of ESSs developed from ecological 
research; for its development, it is necessary to ask how the relations 
between social and ecosystems are thought in this concept and which 
assumptions and normative criteria it uses for the reconstruction of 
social systems. Th e assumption that the services are produced by 
nature becomes unclear when these services vary according to the 
human perception and to the types of ecosystems, most of which are 
signifi cantly infl uenced, modifi ed, changed, or manipulated by human 
technologies and labour in the colonisation of nature. A conception of 
ecosystems that includes humans in their double biological and social 
nature, as species who aff ected, modifi ed, and transformed nature 
throughout their history, can come to a more adequate view of pro-
duction of ESSs. In the production of services, the involvement of 
nature and society can vary on a continuum of services produced by 
nature and those produced by human society, with diff ering degrees of 
co-production through social and ecosystems, human labour, and 
technology in natural resource use. ESSs, so the assumption guiding 
the following discussion, can in the last analysis not be explained by 
attributing to nature or ecosystems the exclusive quality of a 
producer.   

   6.     Th e theoretical implications of the term ESSs are practically relevant for 
ecosystem management : How (far) does the idea of pricing nature and 
payments for ESSs modify the idea of ESSs from an ecological to an 
economic construction with consequences that cannot be judged in 
ecological research? An economic conceptualisation oft ESSs implies 
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assumptions about the systemic properties of modern economy, com-
modifi cation of nature, the ways ESSs can be maintained and man-
aged by humans, and how nature can be protected-this is not 
suffi  ciently clarifi ed in the ecological debate of ESSs. Modifi cations of 
the concept are critically discussed by some ecological economists, 
although the theoretical implications remain unclear when the inclu-
sion of ESSs into markets and payment schemes is discussed. Gomez- 
Baggethun et  al. (2010: 1209f ) argue that the trend towards 
monetarisation and commodifi cation of ESSs is the result of an eco-
nomic paradigm change in the history of economics, that is, between 
classical economics (where benefi ts from nature were seen in terms of 
values of use) and neoclassical economics (where they are seen in terms 
of values of exchange). Th e current practice of focusing on monetary 
valuation of ESSs seems ambivalent, as well supporting ideas for con-
servation as the commodifi cation of nature. 

 Interpreting ESSs with the theoretical concepts of value of use and 
of exchange does not off er much better understanding of the eco-
nomic and ecological problems with the services but leads back to the 
dilemma with incompatible paradigms of classical and neoclassical 
economics. Th e paradigm change in the history of economic theory is 
insuffi  cient to explain the distortions and inconsequent reasoning in 
applications of the concept of ESSs, given also the meanwhile mani-
fold variants of the economic term of value. Th e term “value of use” 
can be understood to imply a reconstruction of benefi ts for humans 
from nature in physical, biological, and social terms of well-being; so 
far it appears as an alternative to monetary valuation and commodifi -
cation of natural resources. Yet, the commodifi cation of nature is not 
a consequence of the conceptualisation of services, but of the applica-
tion of the ESSs term for a specifi c purpose in the neoliberal policy of 
a green economy. To assess diff erent variants of ESS requires a more 
critical analysis and theoretical refl ection of the interaction between 
modern society and nature and of resource-use processes. Th e modifi -
cations of the concept that happened with payments for ESSs evoke 
questions as to who makes decisions about payments, who has to pay, 
who can pay, paying for what purposes, and what are the intended and 
non-intended consequences of payments? With these questions come 
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up the power relations in modern society, in policy, and governance 
processes, relations that are to a large degree ignored in the construc-
tion of ESSs.   

   7.     Th rough their theoretical refl ection, SES and ESSs can be connected with 
the sustainability debate, by construction of indicators measuring limits of 
natural resource use in a sustainability perspective  (Kulig et al.  2010 ). 
Global limits need to be translated in or supplemented through eco-
logical criteria for natural resource management, nature protection, 
and ecosystem restauration at local and regional levels. A large num-
ber of indicators are necessary to assess resource fl ows between social 
and ecological systems and to specify planetary boundaries of human 
resource use (Rockström et al.  2009 ). Th ese indicators include mate-
rial and energy fl ow accounting and further ecological indicators of 
human resource use: carrying capacity, ecological footprints, human 
appropriation of net primary production of ecosystems, energy return 
of input. Additionally, social and human indicators are required to 
measure human development and well-being or unequal exchange of 
natural resources. Th e complex and historically changing forms of 
material and energy fl ows are insuffi  ciently analysed in the sociology 
of fl ows (Castells, Mol, see Chap.   2    ) where its implications for the 
interaction of society and nature are more veiled than analysed, assum-
ing that the complexity of fl ows makes the identifi cation of causes and 
measuring of consequences diffi  cult. To account for the limits of 
growth a number of indicators need to be assessed with regard to their 
relevance and combination in the social-ecological theory. Doing that 
requires two kinds of indicators: 

 –     Indicators showing the absolute limits of natural resources in terms 
of their physical quantity and availability  

 –   Indicators showing the social and economic distortions of resource 
use, including the unequal exchange between countries and national 
economies in terms of material and energy fl ows    

 Th e combination of both indicator types gives a more adequate 
picture of consequences of economic growth and resource use in mod-
ern society. Th e carrying capacity of ecosystems (a variable, not a con-
stant factor) can be exceeded in absolute terms. But for the assessment 
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of sustainability of natural resource use it becomes as important to 
show the socially unequal forms of resource use that result in 
“overshoot”.    

  Th ese seven points show how further theoretical refl ection of SES 
and ESSs in a theory of nature–society interaction can proceed. For this 
theory, SES classifi cations become an important methodological compo-
nent, showing

 –    diff erent types of SES according to the forms of natural resource use 
and economic production;  

 –   diff erent forms of coupling of the social and ecological components 
of SES;  

 –   historically varying relations between “wild” ecosystems and ecosys-
tems modifi ed or dominated by humans; and  

 –   diff erent qualities of ESSs according to their varying forms of 
co- production by humans and nature.    

 With the classifi cations the concepts need to be assessed epistemologi-
cally: how far are they heuristics and how far can they adopt explanatory 
quality, how far are they based on empirical research and how far on 
normative assumptions, under which preconditions can they be used to 
explain forms and problems of nature–society interaction? Th e following 
analysis of the SES debate has implications for ESSs:  the diff erentiation of 
connections between social and ecosystems infl uences the construction of ESSs 
that are so far discussed in naturalistic perspectives as benefi ts which humans 
and society receive from nature.   

    Theoretical Knowledge Synthesis Through 
Classifi cations of SES 

 Th e following theoretical refl ection comprises attempts of conceptuali-
sation of SES emerging from the discussion above where the use of the 
notion in ecological research has been reviewed: classifi cation of diff erent 
types of such systems, of diff erent forms or their coupling, and of histori-
cally varying relations between social and ecosystems. 
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 Th e core concept for a theoretical reconstruction of forms of cou-
pling of SES, elaborated in social ecological theory, is that of societal 
metabolism specifi ed in socio-metabolic regimes. Th ese regimes include 
various components that are not taken into account in the construction 
of the SES term. Th e important components are the modes of produc-
tion and reproduction of societal, economic, and ecological systems. 
Th at social and ecosystem are interconnected and co-evolving, as said by 
resilience researchers (Folke  2006 ; Gerst et al.  2014 ), seems to simplify 
the notions of evolution and co-evolution and to ignore signifi cant dif-
ferences between biological and sociocultural evolution that are neither 
synchronic nor parallel processes, directed by heterogeneous principles, 
implying possibilities of maladaptive change in society. Th e normative 
idea to bring society (again) under control of nature or embedding it in 
nature seems insuffi  cient for interpreting the interactions between society 
and nature with many diff erent forms of interconnections between social 
and ecological systems that developed, diff erentiated, and changed since 
the beginning of human history. With the concept of socio-metabolic 
regimes such historically varying and complex interconnections between 
social and ecosystems can be theoretically codifi ed, specifi ed, and system-
atically described. Th e complexity can be conceptualised through com-
binations of theoretical terms of modern society (see Chap.   2    ), of modes 
of production and socio-metabolic regimes. Socio-metabolic regimes 
show that SESs are more complex than the spatio-temporal connections 
appearing in geographical and ecological descriptions: with cultural spe-
cifi c symbolic and knowledge components. Th e comparison of local SES, 
as, for example, in the ecological research of Ostrom ( 2007 ), shows casual 
constellations of social actors, social groups, institutions, and their inter-
actions with ecosystems in given forms of resource use and production, 
but not the background variables of the societal and ecological systems 
and the conditions of their reproduction. Such background variables 
include social and class structures, societal division of labour, and socially 
unequal appropriation and distribution of natural resources as far as they 
are caused by structures and functions of societal systems, of economic 
systems determining natural resource use, and political systems organis-
ing the governance of coupled SES. Th e forms of interaction and cou-
pling of SES include more factors and processes than ecological research 
and empirical case studies of SES can show. 
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  Analysing the historically specifi c socio-metabolic regimes in the develop-
ment of modern industrial society is a way to fi nd theoretical explanations for 
the, ecologically seen, unsustainable interactions between society and nature.  
Th e connections and interactions between modern society and nature 
cannot be described in one form. Relevant for social-ecological analysis is 
not that social and ecological systems are somehow interconnected, but 
the human activities, institutional forms, and societal systems that struc-
ture the connection and coupling of SES, and the consequences of each 
forms of coupling for modern society and nature. Diff erent possibilities 
of conceptually and theoretically specifying the term of SES are shown 
in Table   5.1 . All these variants seem relevant for the development of a 
social-ecological theory of nature and society.

   Th e diff erent theoretical constructions and interpretations of SES can-
not be combined in one coherent theory, but they require systematisation 
(Herout and Schmid  2015 ) through critical refl ection of the practices 
of constructing SES and their consequences for research and knowledge 
use. SES analyses can be connected to many forms of research and prac-
tice of resource management, to empirical research or theoretical refl ec-
tion about nature–society interaction, and to practices of environmental 
governance and resource management:

 –    Th e themes 1 and 2  in Table   5.1  show theoretical concepts and 
refl ections based on empirical ecological research on SES  

 –   Th e themes 3–6 show theoretical forms of analysis in which the 
notion of SES is connected with further theoretical and philosophi-
cal refl ections about the relations between nature and society  

 –   Th e themes 7 and 8 show examples of social and interdisciplinary 
research that do not cover systematic analyses of nature and society, 
only limited and specialised analyses of production and natural 
resource use relevant for a theory of SES    

 Th e theoretical elaboration of the term SES can to some degree be done 
with earlier theories and research in natural and social sciences. Older 
theories referred to in Table  5.1 , political-economic and critical theories 
of society, give examples for that. Insofar the concept of SES appears as an 
innovation it is ignoring or selectively discussing the knowledge available 
for the interaction of social and ecological systems. With the construc-
tion of the new term SES, much of the theoretical knowledge created in 
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the social sciences about nature–society interaction is ignored. With this 
concept appears in ecological research a late eff ort to connect social and 
ecological sciences, as before in the interdisciplinary subjects of human, 
social, cultural, and political ecology. In diff erence to the concepts used 
in these heterodox forms of ecological research, the notion of SES has 
rather limited capacity to grasp the complexity of interacting and inter-
woven society and nature. 

 With the new ecological term of SES, the interaction between society 
and nature is analysed with doubtful assumptions about the interaction 
between both system components. Th e assumption that social and ecosys-
tems are always connected is inexact, bypassing the theoretical knowledge 
about modern society, drawing upon evidence from limited ecological 
research of ecosystem processes and human use of natural resources. To 
study the interaction between society and nature with results from empiri-
cal research in ecology (understood as applied science) as in the ecological 
research on vulnerability, resilience, sustainability, and ESS, has as con-
sequence to exclude knowledge about the system dynamics of SES. Th is 
seems a similar limitation as in sociology the empirical research on atti-
tudes, perceptions, communications, and everyday action of humans. In 
both cases, the understanding of social and societal systems is reduced to 
that what can be empirically observed and measured, without clarifying 
the object of measurement through theoretical defi nition. In sociology 
there are, however, complementary theories that show the infl uence of 
structures and processes of societal systems on empirically studied pro-
cesses. Th ese theories are also relevant for the analysis of societal interac-
tion with nature—in modes of production, in socio-metabolic regimes, 
in societal and economic reproduction, in biological regimes of reproduc-
tion and societal energy regimes.  To develop SES analysis in theoretical per-
spectives, three methodological requirements can be formulated that are not 
always taken into account in the research traditions described in Table   5.1  . 

    1.     Th e normative assumptions and implications of SES analysis should be 
laid open.  SES analyses in ecological research follow more or less explic-
itly formulated ecological world views or paradigms, also such dis-
cussed in popularised forms found in environmental movements as “to 
follow nature’s lead”. Such views are based on normative assumptions, 
ethical convictions, and visions of society as embedded in nature. 
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Th e strong infl uence of these assumptions seems to be that they make 
the ecological discourse “immune” against certain forms of empirical 
and theoretical knowledge and selective in the interdisciplinary knowl-
edge used. Biology provides—not with all its research—a knowledge 
basis for environmental action that allows for ignoring much of social- 
scientifi c knowledge when it is assumed that biology has epistemologi-
cally privileged knowledge about humans and nature, of higher value 
than that the knowledge social sciences can provide. Biology is, beyond 
its disciplinary specialisation, also part of the interdisciplinary knowl-
edge base for analysing the interaction between humans, society and 
nature. Biological knowledge needs to be connected to knowledge 
about the human modifi cation of nature through labour, technologies, 
and scientifi c knowledge, the societal transformation of nature that are 
required in SES analyses, when these should say something about pos-
sibilities and pathways towards sustainability. Social ecology deals in 
theoretically elaborate forms with the interdisciplinary combination of 
social and natural-scientifi c knowledge. Other interdisciplinary forms 
of ecological research, resilience research, and sustainability science do 
less systematically reconstruct the nature–society interaction.   

   2.     To develop the concept of SES for the use in a theory of nature and society, 
classifi cations are an important step. From classifi cations, a theoretical 
taxonomy of SES can develop that covers the wide range of historically 
varying forms of interaction between society and nature.  Two forms of 
classifi cation help to refi ne the SES concept:

 –    Classifi cations of types of SES (Table  5.2 ) based on the theoretical 
conceptualisation described above (Table  5.1 )  

 –   Classifi cations of diff erent forms of coupling of social and ecologi-
cal systems (Table  5.3 )   

    Th e classifi cation of SES types discussed in this chapter is formu-
lated for modern society, whereas historically earlier and diff erent rela-
tions between social and ecosystems are not discussed further; they are 
in some detail described in the social-ecological literature (e.g. 
 Fischer- Kowalski et  al.  1997 ; Fischer-Kowalski and Haberl  2007 ). 
Th e classifi cations show the historical variations of intersystemic inter-
actions between nature and society from the comparison of modern 
and earlier forms of society. 
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 Societies are diff erentiated systems that cannot be suffi  ciently anal-
ysed with a general defi nition of society. As older theories from critical 
political economy show, theoretically more relevant than defi nitions are 
combinations of theoretical concepts and analyses of the mode of pro-
duction (in the specifi c variant of social-ecological theory: the socio-
metabolic regime), of societal relations with nature, and of culturally 

       Table 5.2    Typology of social-ecological systems in modern society   

 1.   Systems of primary economic production where ecological relations 
dominate:  agriculture, fi shing, forestry, extracting of natural resources 
(mining)—mainly rurally located economy 

 2.  Systems of secondary economic production where ecological and social 
relations are blended:  artisanal production, manufacturing and industrial 
production, energy conversion systems—mainly urban economy and urban 
social systems 

 3.  Systems of symbolic reproduction of society where social and cultural 
relations dominate:  education, science, culture, social services (“third sector 
economy”)—mainly urban location; ecological relations are not ignored but 
of limited relevance 

 4.  Ecosystem types differentiated according to their degree of transformation 
through humans and during human history:  marine ecosystems, arctic 
ecosystems—weak transformation; agro-ecosystems, forests, urban 
ecosystems—strong transformation through colonisation of nature; desert 
ecosystems, industrial ecosystems—ecosystems resulting from human 
destruction of nature/ecosystems (deforestation etc.). With global 
environmental change it becomes diffi cult to estimate degrees of 
transformation (also remote ecosystems where no humans are found, in the 
arctic zone or in the deep sea become strongly infl uenced through human 
activities), but the transformation can still be seen in the phenomenology 
of landscapes. 

 5.  Social-metabolic regimes:  complex regimes conceptualised in social- 
ecological theory to analyse the interaction between society and nature in 
natural resource use (sometimes also called biological regimes of a society): 
metabolic regimes of agricultural and industrial societies, specifi ed 
according to different forms and subregimes, for example, the industrial 
energy regime based on fossil fuels developed fi rst with the coal regime, 
than with the oil regime. 

 6.  Multi-layered (synthetic) social-ecological systems:  systems that include 
combinations of the forms described above (1–5). 

  All types of systems classifi ed here can be described in further detail through their 
spatial and temporal relations and their socio-cultural and historical specifi cities. 

  Sources : Own compilation  
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framed interactions between humans and nature. Th e diff erences 
between political-economic and social-ecological theories correspond to 
diff erent times of their origin and purposes of  formulation. Th e critical 

       Table 5.3    Coupling of social and ecological systems   

  Types of coupled social-ecological systems:  
 1.  Social systems with dense and direct coupling to ecosystems:  coupling 

through extraction and processing of natural resources—all types of 
primary and secondary economic production (historically and culturally 
specifi c forms of agriculture, fi shery, forestry, industry) 

 2.  Social systems with loose or indirect coupling to ecosystems:  non-productive 
systems—all systems for symbolic reproduction of society (education, 
science, culture, norm formulation, social services) 

 3.  Systems with maladaptive coupling:  all coupled systems overusing and 
destroying their natural resource base—mainly systems of economic 
production (historically and modern forms of agriculture and manufacture/
industry) 

 4.  Human-dominated ecosystems with dense material and spatio-temporal 
coupling to societal subsystems in modern society  (urban and industrial 
ecosystems, agro-ecosystems) 

 5.  Nature-dominated ecosystems with loose material and spatio-temporal 
coupling to social systems: ecosystems where no humans are living (arctic/
antarcticecosystems, deep sea ecosystems, certain mountains, and desert 
areas; these systems may be infl uenced through human resource use)  

  Forms of intersystemic coupling of social and ecological systems:  
 1.  Forms (spatial and temporal) of coupling: as uni- or multi-scalar systems and 

systems with specifi c time regimes:  for example, marine reserves that are 
nested in larger systems of marine governance, or similar networking and 
nesting of land-based areas of conservation 

 2.  Processes of coupling, interaction and exchange : human labour and 
production; extraction, appropriation, production and processing of natural 
resources; human-made forms of coupling that change material and energy 
fl ows in ecosystems, natural cycles of water, nitrate, and so on. in economic 
production; “biological coupling” of humans and nature transformed into 
social-ecological coupling where the specifi c social and ecological forms 
need to be specifi ed (production, processing and consumption of food in 
hunting, fi shery, and agriculture) 

 3.  Media of intersystemic coupling : fl ows of information/symbols, matter, 
energy 

 4.  Formal descriptions of intersystemic coupling:  loose/tight, intensive/
extensive, strong/weak, soft/hard, symbolic/material, functional/
dysfunctional, uni-scalar/multi-scalar 

   Sources : Own compilation; Bruckmeier ( 2014 )  
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political-economic theory of modern capitalism developed since the 
mid of the nineteenth century in attempts to reconstruct the societal 
relations of power and exploitation of humans and to refl ect how these 
can be transformed. Th e new social-ecological theory of nature–society 
interaction developed since the end of the twentieth century for pur-
poses of analysing historically changing societal relations with nature to 
describe and explain the consequences of natural resource use for soci-
ety, nature, and their sustainable coexistence. Explanations from both 
theories can be combined without neglecting their diff erences. Political-
economic theory described the mode of production in modern societies 
as that of modern capitalism as an economic world system, whereas 
social-ecological theory, following the ecological tradition of classifying 
modes of production, described it as that of industrial society specifi ed 
through social- metabolic regimes that are characterised through histori-
cally dominant forms of energy sources: for the industrial society the 
coal regime, then the oil regime that lasts until today. Th e diff erences 
can be seen as diff erent perspectives of social-scientifi c and ecological 
research, of human society as organising the survival and well-being of 
humans, or as modifying and disturbing the functioning of ecological 
systems.   

   3.     Th e analysis and reconstruction of the systemic dynamics and complexity of 
interacting nature and society require a methodological refl ection of the 
interplay of empirical and theoretical analysis in knowledge synthesis.  Th e 
conceptual apparatus of social ecology is constructed for the analysis 
of such complex intersystemic relations that developed in three inter-
connected theoretical components: the theories of societal metabo-
lism, of societal relations with nature, and of colonisation of nature, 
all of them to describe and explain facets of the historically changing 
interaction between nature and society. Th is social-ecological research 
programme cannot, as ecological research does to a large degree, 
ignore what is known about changing societal forms of power and 
domination in human history: historically specifi c power relations 
between humans in societal, political, and economic systems, and 
power of humans over nature. Th e manifold power relations are not 
always manifest as exercise of power and control; they are incorpo-
rated and veiled in the organisation of societal division of labour, in 
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property rights, in forms of appropriation of natural resources, in 
market relations, in technologies and large technological systems, in 
the infl uence and power of science and scientifi c knowledge. Complex, 
socially structured  metabolic regimes and power relations shape the 
interaction between society and nature and cannot be reduced to that 
what can be observed in empirical case studies on the extraction and 
use of natural resources. Social forms of natural resource use tend to 
be simplifi ed in ecological analyses when the diff erentiations of con-
cepts, knowledge types, and levels of interaction between empirical 
and theoretical knowledge production are not envisaged. Especially 
diff erences between (limited) theories that can be directly proven 
through empirical research and other, broader ones that develop 
through a series of interim steps and knowledge syntheses are impor-
tant in interdisciplinary theorising. In ecological research, interacting 
social and ecological systems are reconstructed in naturalistic perspec-
tives, as similarly in the political discourse of environmental move-
ments. Th e naturalistic thinking seems to ignore the analyses of 
complex modes of production, productive forces, and relations of pro-
duction that have been carried out in research in political economy 
and in the newer interdisciplinary fi elds of human, social, and politi-
cal ecology. Th e interdisciplinary research in these fi elds supports, fur-
thermore, open, analytically diff erentiated forms of reconstructing 
nature–society relations with a plurality of connected perspectives.    

   In the following discussion, fi rst conclusions are drawn from the critique of 
SES constructions with regard to theoretical synthesis of social and ecological 
knowledge and to forms of coupling of social and ecological systems.  

 Using modern society as the paradigmatic case and the theoretical and 
explanatory components discussed in Chaps. 1 and 2, a classifi cation of 
SES becomes possible in two forms, as a typology of SES (Table  5.2 ) and 
of their coupling (Table  5.3 ). Th e types of SES, identifi ed from social- 
scientifi c and ecological research, are connected to modes of natural 
resource use, modes of production, and socio-metabolic regimes found 
in modern society. Th rough the theoretical embedding of concepts in 
social-scientifi c and ecological theories, the term of SES diff erentiates 
in historically, culturally, and economically varying forms of interaction 
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between society and nature. In Table  5.2 , the term SES is reconstructed 
with theoretical denotations in theory of society. Th is does not necessar-
ily imply to give up the simple notion of SES as geo-biophysical systems 
connected with actors and institutions, but to reduce it to a subordinate 
notion that needs to be connected with further theoretical terms to iden-
tify trajectories and trends of development of coupled social and ecologi-
cal systems. 

 Th e typology above is limited to the interaction of social and ecologi-
cal systems in modern industrial society. With this typology, the term of 
SES which is as diff use and abstract as the constituting concepts of social 
and ecological systems is modifi ed: not formulated as a single theoretical 
concept, but diff erentiated in a number of theoretically specifi ed SES 
types to be considered in a broader theory of nature–society interaction. 
Th e progress of integrating the term of SES in the formulation of such a 
theory follows the forms and principles of constructing an interdisciplin-
ary theory that can be described in methodological and epistemological 
terms as follows:

    1.     Th e conceptual reconstruction of SES does not create a single analytical 
framework or a closed theory, but develops the heuristic device of SES in 
ecological research into a series of historically and geographically specifi ed 
theoretical concepts . It can be assumed that interdisciplinary social- 
ecological research needs to work for longer time with heterogeneous 
knowledge components, classifi cations, concepts, and theories of dis-
ciplinary origin, and with limited analytical and explanatory capacity 
before new explanations develop. More elaborate and coherent inter-
disciplinary theories develop gradually through progressing knowl-
edge synthesis in subsequent steps of empirical syntheses, of 
formulating concepts and frameworks, of theoretical syntheses and 
epistemological refl ection. Classifi cations of the form above character-
ise the early stage of a theory of interaction between nature and soci-
ety, describing relevant diff erences between SES that develop from 
research and knowledge about natural resource use in modern society 
which guides and limits the possibilities of theoretical explanation. 
Although the further development of the theory may result in other 
classifi cations, it seems relevant in the present phase of development 
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of modern society (described in Chap.   2    ) to construct a diff erentiated 
concept of SES and not to exclude a priori certain forms of SES from 
research and from the synthetic theory to develop. Showing the rela-
tive validity and explanatory value of each type of SES for the theory 
of nature and society is a precondition for the further development of 
the theory.   

   2.     To elaborate the classifi cation of SES types to theoretical description and 
explanation of historically specifi c types of societies and their relations with 
nature , it seems promising to use from the theoretical knowledge in 
sociology and ecology three concepts where nature–society relations 
are reconstructed in diff erent analytical perspectives and with diff erent 
forms of abstraction: 

 –      Social systems , including society, where societal relations to nature 
are described and analysed in symbolic forms of views of nature, 
humans, and society and in the analysis of material production and 
reproduction of society in its economic forms.  

 –    Ecosystems , where the interaction of nature and society is described 
and analysed in a biological frame of reference for the analysis of 
living systems or species, their development, and biological 
reproduction.  

 –    Coupled systems or SES  where the interaction of nature and society 
can be described and explained more systematically, in the theoreti-
cal terms of social ecology, as societal relations with nature, socio- 
metabolic regimes of societies, and colonisation of nature.    

 To diff erentiate between these three  analytical  perspectives in the 
development of the theory of society and nature can help to create 
a variety of rich theoretical analyses and possibilities of explana-
tion that enlarge the knowledge about nature–society interaction 
beyond the empirical research on SES. Such typological diff eren-
tiations can, furthermore, help to prevent the levelling of theoreti-
cally and practically meaningful conceptual diff erences in quickly 
and inexactly formulated hybrid terms to describe the interaction 
of society and nature, for example, “socio-natures” or “techno- 
natures”. Such de-diff erentiation of theoretical concepts and sys-
tems analyses does not support the reconstruction of the historical 
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variations of nature–society interaction it may be looking for in 
attempts to describe the blending of society and nature. To work 
with three analytical perspectives as described above seems useful 
to develop an interdisciplinary theory of nature–society that can 
connect and maintain several theoretical perspectives and knowl-
edge from diff erent disciplines. In such a theory, diff erent parts of 
societal relations with nature can be conceptualised from the study 
of their historical variation and hybrid concepts are not constructed 
before theory-guided analysis, but as a result of knowledge synthe-
ses.  All three perspectives are needed in the theory of nature and society 
as an interdisciplinary and intertheoretical construction, for purposes of 
identifying relevant knowledge for social-ecological research, for analy-
sis, explanation, and for knowledge synthesis.    

   3.     Th e construction of a theory from elements of diff erent theories implies to 
deal with heterogeneous cognitive components, contradicting assumptions, 
epistemologies, and explanations in diff erent parts of the theory that can-
not always be dissolved in a hierarchy of progressive theoretical explana-
tions and generalisations.  

 Heuristic rules of the thumb and methodological devices for devel-
oping the analysis of SES in ecological research argue with the idea 
that diff erences and contrasts between SES forms appearing at lower 
levels of abstraction can be integrated at higher levels of theoretical 
abstraction and generalisation (Olsson et al.  2006 ). Th eoretical codi-
fi cation becomes more diffi  cult when concepts and knowledge from 
other disciplines than ecology are used, for which little methodologi-
cal support is provided from epistemology or theories of science. In 
the present forms of applying the term SES, theory construction and 
theoretical refl ection is bypassed through shifting the refl ection from 
theory or epistemology to paradigms or ontology. Knowledge produc-
tion is directed through normative assumptions and guiding ideas, in 
form of views of nature and society, values, norms, assumptions, 
premises, and postulates. For SES analyses that require knowledge 
from the social and natural sciences other rules would be needed that 
develop in interdisciplinary research and knowledge syntheses. 
Interdisciplinary theories work with several perspectives, theories, and 
explanations in knowledge syntheses from diff erent fi elds of research. 
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Complex theories as that of nature–society interaction can use various 
forms and levels of explanation in open and pluralistic theoretical con-
fi gurations where diff erent explanations emerge at various stages of 
knowledge generation, in empirical research, theory  formulation, and 
interdisciplinary knowledge syntheses. Interdisciplinary theories of 
this kind require, furthermore, critical refl ection of the possibilities of 
connecting strong universally valid explanations from deductive rea-
soning and weak, historically and culturally relative explanations 
achieved through induction or historical and intercultural 
comparison. 

 With an interdisciplinary social-ecological theory develops—
beyond the two prominent forms from twentieth century, systems 
theory and critical theory in sociology—a new form that is more bal-
anced in the use of knowledge from diff erent disciplines than these 
prior examples that remained either within a natural-scientifi c or a 
social-scientifi c logic and form of explanation. Systems theory illus-
trates variants of natural-science-based thinking and knowledge syn-
thesis ex ante, where theoretical explanations are generated with the 
general concepts of the theory applied for the description and analysis 
of special types of systems. In sociology, this resulted in theories as that 
of Parsons and Luhmann where empirical research is rather neglected 
for theory construction. Critical theory provides examples of knowl-
edge synthesis ex post, based on social-scientifi c knowledge, where 
explanation emerges successively with theory construction, in several 
steps of combining and refl ecting empirical and theoretical knowledge 
from earlier and new research.   

   4.     Th e main conclusion from the discussion of methodological and epistemo-
logical problems of theory construction is for the social-ecological theory of 
nature and society the model of a general, universally valid theory is inad-
equate.  More adequate seems the idea of a historically situated and 
specifi ed theory reconstructing nature–society relations specifi cally for 
each form of society and mode of production in human history. Th is 
theory of nature and society is not identical with a theory of society, 
but requires such a theory to reconstruct societal relations with nature 
for modern society. Th e levels and forms of abstraction of this theory 
depend on the historical specifi city of society and its three social- 
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ecological determinants of societal relations with nature, societal 
metabolism, and colonisation of nature. Th ese determinants generate 
descriptions of the societal system structures and the state of nature 
modifi ed through humans at a given historical time.     

  For modern society 

 –     the state of society  is that of a global system according to its dominant 
mode of production and the modern world system;  

 –    the state of interaction of social and ecological systems  is that of man- 
made global environmental change, described with the hypothesis 
of “mankind as geological force”;  

 –    the state of nature  is one of disturbed global material cycles and over-
shoot of carrying capacity as consequences of the quantity and 
intensity of human resource use.    

 Th ese general descriptions need to be detailed and deepened in the 
integrated theory of nature and society. Analyses of the transformation to 
sustainability cannot be done with such general and inexact diagnoses of 
non-sustainable states. Th is deepening requires also further epistemologi-
cal discussion and interdisciplinary knowledge synthesis. Epistemologies 
and methodologies that developed throughout the past century, mainly 
from disciplinary perspectives or abstract philosophical approaches 
(Schneider 1999), neglect the cognitive problems of border crossing and 
interdisciplinary knowledge synthesis. 

 In ecological research, limited theorising is found within the new 
research on vulnerability, resilience, and sustainability. Only in rudi-
mentary forms are the diffi  culties and problems of interdisciplinary con-
ceptual integration and knowledge synthesis refl ected for analyses of the 
interfaces of nature and society, for example, by Young et al. ( 2006 ), end-
ing without theoretical clarifi cation of the connections and interactions 
between social and ecological systems. Although the relations between 
man, nature, and society are the main topic of interdisciplinary social, 
cultural, and human ecology, a systematic theory of nature–society inter-
action has not yet developed from these interdisciplinary approaches. Th e 
elements of theory developing in social ecology include theories of societal 
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relations with nature, of societal metabolism, of colonisation of nature, 
and—more recently—the theory of socio-ecological transformation. 

 Th e work with heuristic devices and pre-analytical assumptions of 
the kind that social and ecological systems are always interrelated and 
co-evolving seems to become a dead end for the term SES. Th e argu-
ments and justifi cations for new areas of specialised empirical research 
need to be revised when the term SES is theoretically refl ected and used 
in interdisciplinary theory. Th e emerging social-ecological theory needs 
to develop the argument that the construction of interdisciplinary theory 
happens in several steps of knowledge integration. Th e construction of the 
theory of society and nature develops through analyses of interrelations, 
forms of coupling, and of co-evolution of social and ecological systems 
in diff erent perspectives: in theoretical triangulation, keeping possibilities 
open for further integration and synthesis, creation of new concepts, and 
further explanations. A plurality of system perspectives helps to explain 
society–nature interaction through progressing knowledge generation 
and synthesis. Such a synthesis is predetermined by knowledge about the 
historical specifi city of modern society and needs to deal with competing 
theories of that society (described in Chap.   2    ). 

 Th ere are several epistemological and methodological problems to 
solve in this synthesis. Social and natural-scientifi c knowledge from 
several disciplines, such as sociology, biology, ecology, physics, is gener-
ated with heterogeneous ontologies, epistemologies, and methodologies. 
Th ese knowledge forms do not add in a continuum of knowledge and 
cannot be made coherent. Interdisciplinary theories require methods to 
deal with or to bridge epistemological ruptures and gaps between diff er-
ent knowledge systems. In advance, there are no safe criteria to fi nd out 
which knowledge is relevant and can be synthesised, which not. Th erefore, 
interdisciplinary knowledge synthesis progresses through a series of steps 
that are not yet methodologically safe and include trial-and-error, require 
further refl ections on the way of theory construction. Only the beginning 
of a theoretical synthesis is possible with the three steps discussed here:

 –    Identifying diff erent theories potentially relevant for the theoretical 
codifi cation of SES (Table  5.1 )  
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 –   Specifying diff erent types of social and ecological systems for which 
the interaction can be described in a broader typology of SES 
(Table  5.2 )  

 –   Specifying the systems interaction further by classifying the con-
crete forms of coupling of specifi c social and ecological systems 
(Table  5.3 )    

 Th e last step marks the interim target for the operationalisation of an 
interdisciplinary social-ecological theory of nature–society interaction in 
the present stage of elaboration. 

  A typology of forms of coupling of social and ecological systems (Table   5.3  ) 
is not fully visible from the typology of SES (Table   5.2  ), and not suffi  ciently 
elaborated in ecological research. With such typologies, the reductionist view 
of SES as “geo-bio-physical systems with actors and institutions connected to 
them” can be broadened and connected with theoretical analyses of societal 
systems and their interaction with nature.  

 To specify the concept of coupling for SES and to diff erentiate it from 
further concepts to describe intersystemic relations, several criteria from 
the classifi cation in Table  5.3  can be combined. Two forms of coupling that 
seem dominant in SES are those of material and spatio-temporal coupling:

 –     Material coupling  can be described in social-scientifi c terms through 
socio-economic links, based on human labour, production, extrac-
tion, appropriation, and processing of natural resources; or in eco-
logical terms through biophysical links, based on fl ows of 
information, material, and energy between the systems and through 
the biological and social metabolism. Th e forms of material cou-
pling connect knowledge on the production and reproduction of 
social and ecological systems and the interaction of society and 
nature through biological and social metabolism.  

 –    Spatio-temporal coupling  refers to the interrelations between social 
and ecosystems that can also be described, in social-scientifi c and 
ecological terms: time and space as constituents of social reality; as 
constituting the forms of human perception of the world, nature, 
and society; as social structuring of time and space are forms of 
socially transformed time and space to frame social action. Spatio- 
temporal relations in ecosystems, based on physical concepts of 

210  Social-Ecological Transformation



time and space are of another kind, assumed to be objective quali-
ties of nature, not constructions of the human mind. Both forms of 
spatio-temporal coupling can be connected to material coupling, to 
system structures and processes, and to social action.    

 Material and spatio-temporal coupling include informational and 
symbolic coupling, but this is less specifi c for social-ecological cou-
pling, exists in all types of systems, ecological, technical, cybernetic, 
symbolic, and social systems. Societies as complex social systems 
include further forms of informational coupling: communicative cou-
pling through power relations, organisational coupling, and knowl-
edge use which are also relevant for SES. Th e term coupling is not 
exclusively applied to analyse interrelations between social and eco-
logical systems, but this term should not be overburdened with theo-
retical meaning: Forms of coupling of systems can be diff erentiated 
from other forms of interrelations to which they can be connected: 
functional interdependence, interaction, feedback, exchange, net-
working, and further, more specifi c forms of intersystemic relations. 
Lack, disturbance, or loss of coupling can be conceived, for example, 
with the concepts of “noise” or “resonances” used in some forms of 
systems theory and ecological research, or in forms of violent and 
non-violent confl icts. 

 With these steps of reflection of SES, the concept seems sufficiently 
prepared for theoretical use and for connection to an interdisciplin-
ary theory of nature and society. The heuristic construction of SES 
can be transformed in theoretically reflected concepts that specify 
nature–society interaction, which are no longer dependent on doubt-
ful assumptions, for example, that social and ecosystems are always 
interconnected and co- evolving. The interconnections can be inves-
tigated in their different and historically varying forms and with the 
problems they generate. In this way can be described the cognitive 
programme for the further elaboration of a theory of the interaction 
of nature and society in modern society. Furthermore, with that dif-
ferentiation of SES types it should become possible to discuss more 
critically and theoretically the concept of ESSs and its significance for 
a theory of society–nature interaction.  
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    ESSs 

 ESSs are the benefi ts people obtain from ecosystems. Th is defi nition 
from the Millennium Ecosystem Assessment ( 2005 ) shows an unclear 
blending of terms with multiple meanings. ESSs require a more detailed 
analysis than with the functional terminology of ecosystem functions and 
services.

 –    An anthropocentric perspective appears in the statement that 
humans benefi t from nature—not necessarily, but with the practical 
purpose of maintaining human well-being and quality of life with 
this idea. Th at human beings benefi t from ESSs does not exclude 
that other living beings, animals and plants, also benefi t from them, 
but this is practically irrelevant. It is only a side eff ect of ecosystem 
governance that aims primarily to support human well-being and 
implies to protect ecosystems from disturbance or destruction 
through humans. Th is perspective diff ers from the conventional 
anthropocentric argument of human supremacy that makes nature 
an object of human use, modifi cation, or improvement, but both 
views do not exclude each other.  

 –   An ecocentric perspective appears in the assumption that the bene-
fi ts are obtained from nature or ecosystems, not co-produced by 
humans and nature, and should help to maintain the functions and 
processes of ecosystems. Th e unclear point in both anthropocentric 
and ecocentric interpretations is, how humans are integrated in eco-
systems and how in society.    

 Without analysing further, more systematically and critically, the inter-
action of social and ecological systems and the contribution of humans 
or society to service production, the term remains unclear in its scientifi c 
and practical applications.  From the four kinds of ESSs — supporting, provi-
sioning, regulating, and cultural services (Table   5.4  )—it is not clear, whether 
this classifi cation is meant to be exhaustive and universally valid, how it is 
derived from the theoretical construction of ecosystems or empirical research, 
how far it needs specifi cation for diff erent types of ecosystems, and how far 
ecosystems include social components . Th ese defi cits can be seen as indicat-
ing insuffi  cient elaboration of ESSs as a theoretical concept. Th eoretical 
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elaboration and refl ection includes the more principal question, whether 
the concept of ESS is useful or necessary in ecological research and for 
purposes of nature protection. Th is question is controversially discussed 
and answered since the terms are used, but it did not develop to the point 
to discuss services systematically in relation to theories of society, ecosys-
tem theories, and theories of nature and society.

   Th e classifi cation from the Millennium Ecosystem Assessment shows 
eff orts to connect ESSs to humans, their well-being, and to human soci-
ety without investigating the interaction of social and ecological systems 
discussed above for the concept of SES. Th is classifi cation avoids a social- 
scientifi c terminology, with ad hoc descriptors of social, economic, and 
health eff ects, based on some ethical assumptions. Such assumptions are 
explicitly formulated for cultural services and the constituents of human 
well-being, of good social relations, and freedom of choice. Ethical 
refl ections and discourses are usually ascribed to social systems, societ-
ies, culture, or civilisations and as exclusive capacity of moral judgement 
to humans. In the construction of ESSs, important points are unclear 

   Table 5.4    Classifi cation of ecosystem services: Millennium Ecosystem Assessment   

 The Millennium Ecosystem Assessment differentiated between the following 
types of ecosystem services: 

 1.  Supporting services (nutrient cycling, soil formation, primary production, 
and others) 

 2.  Provisioning services (food, fresh water, wood and fi bre, fuel, and others) 
 3.  Regulating services (climate regulation, fl ood regulation, disease 

regulation, water purifi cation, and others) 
 4. Cultural services (aesthetic, spiritual, educational, recreational, and others) 

 The ecosystem services are assumed to affect important constituents of human 
well-being: 

 1. Security (personal safety, secure resource access, security from disasters) 
 2.  Basic material for good life (adequate livelihood, suffi cient nutritious food, 

shelter, access to goods) 
 3. Health (strength, feeling well, access to clean air and water) 
 4. Good social relations (social cohesion, mutual respect, ability to help others) 
 5.  Freedom of choice and action (opportunity to achieve what an individual 

values doing and being) 
 Mediation and linkages between the natural/ecosystem components and the 

human/socio-economic components are assumed to differ between the types 
of services 

   Source : Millennium Ecosystem Assessment ( 2005 )  
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and insuffi  ciently refl ected: the constituents of human well-being, the 
generation of services, and the interaction of social and ecological sys-
tems. Sometimes the services refer to political principles as visible in the 
description of human well-being, sometimes they refer to prior debates 
as that of basic human needs (well-being components one to three); only 
in some examples it is intuitively clear how they refer to ecosystem func-
tions (services one to three). Th e connections between ESSs and human 
well-being, expected to specify and clarify the benefi ts for humans, are 
arbitrary in the attribution of services to ecosystems. Furthermore, ESSs 
have little explanatory value, but imply normative assumptions that 
require further justifi cation in a critical debate of the ecosystem concept. 
Obviously, the description in the Millennium Ecosystem Assessment is 
for political use and communication of the idea of benefi ts from nature 
to many environmental actors in the policy process and the environmen-
tal discourse. Th e description does not clarify ESSs as scientifi c concept 
and the epistemological and methodological diffi  culties surging with the 
application of the term for the formulation of environmental policies.  To 
go beyond a value-based ascription of services to nature, the concepts of ESSs 
and well-being need to be connected, discussed, and assessed with scientifi c 
knowledge from ecological and social research: at this point, the concept of 
SES and the theory of society–nature interaction become important.  

 Th e notion of ESSs has rapidly spread in the past decade, but does not 
develop from an epistemological “point zero”; it refers in manifold ways 
to prior analyses of ecosystems. Nevertheless, the notion of ESSs used in 
science and policy bears the burdens of unclear, diff use, and contradicting 
attempts to reformulate ecosystem functions and processes for purposes 
of policy formulation and resource management, with epistemologically 
and methodologically doubtful assumptions. Descriptions of ESSs use 
the older terminology of functionalist systems theory, but this does not 
help to dissolve the controversy whether systems theory creates a unifying 
framework for the natural and social sciences and in doing that creates 
unifying theoretical explanations of processes of intersystemic interaction 
and social-ecological change. Th e nature of ESSs needs to be discussed 
further with theoretical concepts and perspectives that are part of the 
emerging theory of nature and society. 
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    ESSs in Theoretical Perspectives 

 ESSs in the forms they are defi ned in recent ecological research and 
debates, paradigmatically in the Millennium Ecosystem Assessment, are 
designed for a new research programme in applied ecology, not for a the-
oretical clarifi cation in a social-ecological theory. Th ere may be implicit 
theoretical arguments and explanations built in the ESSs concept: how 
such services are produced, transferred between ecosystems and social sys-
tems, and used by humans. But these date back to ecological research and 
the established concepts in ecology, do not require a theory of interaction 
of nature and society. Similar as the concept and research on resilience 
was criticised as supporting the neoliberal mainstreaming of the sustain-
ability discourse (see Chap.   3    ), ESSs can be criticised for the support of a 
monetarisation and commercialisation of ecosystems through payments 
for the services. As in the resilience debate, it needs to be asked whether 
payments are the unexpressed goal, or rather a political, power-based 
misuse of an ecological idea, pretending that monetary values and pay-
ments help decision-makers to use the idea.  In the social-ecological theory 
of nature and society, it seems important to distinguish between ecological and 
economic logics of ESSs to be able to separate ecological ends from economic 
means, and to fi nd alternatives to use the term without economic valuation.  

 A fi rst step of clarifying the nature of ESSs theoretically is, as above 
with the concept of SES, the identifi cation of ecological and interdisci-
plinary theories that can provide theoretical framing of ESSs (Table  5.5 ). 
Th ese are partly the same theories used to clarify the SES concept.

   Most of the theories and approaches in Table   5.5  are broader than 
ESSs that appear only as specifi c forms of interaction of society and 
nature, as part of the processes analysed with the broader concept of 
SES. In this broader perspective, the construction of ESSs needs to be 
clarifi ed: whether the services are produced by nature or ecological sys-
tems and only consumed by humans, or whether human society, labour, 
and knowledge are involved in their production as productive forces that 
are throughout human history transforming nature through the appro-
priation and use of natural resources. Th e theories described above help 
to discuss ESSs in the broader context of interacting and coupled social 
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and ecological systems. Th e notion ESSs came into wider use through 
the Millennium Ecosystem Assessment, although the idea originated ear-
lier (see Table  5.5 ). Th e term bears connotations of older concepts and 
debates in- and outside ecology, for example, that of ecosystem functions, 
or in the philosophy of nature that of the concepts of generating and 
generated nature. Th e ascription of productive forces to nature may be 
the most general idea from which the specifi c meanings of ESSs can be 
derived. 

 Ascribing to nature capacities of generation or production implies 
various alternatives to conceptualise ESSs:

 –    Th e idea of ecosystem functions and services as specifying  produc-
tive or subject capacities of nature  dates back to older philosophical 
ideas of nature as supreme order.  

 –   Th e idea of ESSs as being  part of the broader processes of interaction 
between social and ecological systems  requires explanations of the 
forms of co-production through humans, society, and nature.  

 –   Th e interpretation of ESSs through the elements and processes of 
ecosystems and their life-maintaining processes connects the con-
cepts of ecosystems and autopoietic or living systems in the sense of 
the biological theory of autopoiesis (Maturana and Varela), as the 
capacity of self-production of systems.  

 –   Th e interpretation of ESSs with the concepts of biological and soci-
etal metabolism, described in social-ecological theory, is based on 
the analysis of material and energy fl ows and use of resources in 
ecosystems that are important for the understanding of ecosystems 
and of ESSs.    

 Th e theoretical interpretations and connections of ESSs to broader 
theoretical concepts show already: it is not a fi xed concept, but open 
for diff erent, sometimes complementary, sometimes competing inter-
pretations. ESSs resembles the idea of sustainable development in sev-
eral regards: being a controversial concept, catalysed through a political 
discourse and practical necessities of environmental policy and natural 
resource management, but insuffi  ciently clarifi ed through research and 
theoretical refl ection. Also following the scientifi c history of the concept 
does not clarify all disputed interpretations. As for other  interdisciplinary 
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concepts in environmental research, the impression is that ESSs are cre-
ated through analogies, concept transfer, and metaphorical use of notions, 
in empirical and model-dependent research. In the following discussion, 
ESSs are elaborated in the framework of the social-ecological theory with 
typologies of the forms of interaction and coupling between social and 
ecological systems. 

 Since the fi rst publication by Ehrlich and Mooney ( 1983 ) explicitly 
using the term develops the fi eld of ESSs-research rapidly. Costanza and 
Kubiszewski ( 2012 ) describe it vaguely as multi-, inter- and transdisci-
plinary crossing of knowledge boundaries (Costanza and Kubiszewski 
 2012 : 21), echoing ideas from broader discourses as sustainability sci-
ence, SES, and resilience research. Showing the interdisciplinary nature 
of ESSs does not create theoretical explanations, expresses more the 
expectation that interdisciplinary research may clarify the concept and 
the forms of ESSs.  

    Critical Discussion of ESSs 

 Th e following debate of ESSs starts from two critical reviews, that of Lele 
et al. ( 2013 ) arguing for a broadening of the knowledge base and that of 
Farley ( 2012 ) arguing for a shifting of the normative perspective.

    1.     A critique of the concept of ESSs, regarding its conceptual inconsistencies, 
its instrumentalisation for specifi c political purposes, and the non-intended 
social consequences of its application refers to its economic use . Lele et al. 
( 2013 ) ask whether the concept is useful for framing research on the 
relationship between society and nature with its focus on biotic nature 
and the use of economic valuation for neoliberal policy programmes 
(Lele et al.  2013 : 30). Th e authors do not seek for a social-ecological 
theory of nature and society to improve the concept, stop with the 
diagnosis of a narrow understanding of environmental problems and 
their causes given in ESSs. Beyond the normative and policy-related 
critique, their arguments can be summarised as follows: 

      (a)      Th e progress with the term of ESSs in ecological research is threefold : 
Firstly, it provides a better understanding of regulating services, 
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whereas provisioning services have since long been studied in applied 
research about forestry, fi shery, land use, focusing on the goods har-
vested form ecosystems. Secondly, the scale of analysis expands from 
single ESSs to regional models including all ESSs. Th irdly, a better 
collaboration of ecologists and economists resulted in more careful 
elaboration of socially relevant variables. Th ese advances seem some-
what vague and outweighed by the critical arguments.   

    (b)      Th e critique of the term refers to its economic bias:  ESSs become in 
practice monetary valuation of ESSs through the dominance of 
economists and policy-determined managerial interests in apply-
ing the  concept. Th e economic valuation results in a simplifi ed 
view of causes of degradation of ecosystems, based on the tauto-
logical reasoning, the benefi ts and their value are not known with-
out pricing the services. Furthermore, an ecosystem process (e.g. 
soil erosion by streams) can generate dis-service (e.g. siltation of 
dams) or service (e.g. fertilisation of the fl oodplain). In this inter-
pretation, the concept ignores that the benefi ts require investing 
human labour and capital and the fl ow of energy and material in 
the economy. Since the valuation of services cannot be separated 
from the social or socio-technical contexts of obtaining benefi ts, 
the mapping of ESSs and the transfer of benefi ts becomes doubtful 
with regard to the social consequences of ESSs. An incoherence of 
ESSs is seen in the anthropocentric utilitarian ethic connected 
with a biocentric perspective attributing services to nature, which 
implies a simplifi cation of the analysis of human well-being 
through the choice of an economic valuation framework. Th ese 
critical arguments converge to the point that ESSs are co-produced 
by nature, human capital, labour, and ecosystem processes, can 
only been valued within specifi c social contexts, including human 
agency in the production and consumption of ESSs (Lele et  al. 
 2013 : 7, 9ff , 24f ).   

    (c)      In the economic valuation of ESSs, widespread misapplications can be 
found:  estimation of absolute value rather than marginal value 
changes, deriving global scale estimates from local studies, and 
double-counting of supporting and fi nal services. More funda-
mental is, however, the critique of economic valuation of benefi ts 
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with the argument: it becomes impossible and ethically doubtful 
to put monetary value on things that have intrinsic value. Th e con-
ventional approach of estimating changes in economic welfare 
adds up benefi ts and costs across all individuals, regardless of the 
diff erence in their wealth. Carbon sequestration, for example, cre-
ates benefi ts from tree planting for the whole world, but the poor 
who need to collect fi rewood in the forests have to bear the nega-
tive consequences. Also the well-being of future generations is not 
suffi  ciently accounted for. Th e economic valuation of ESSs neglects 
the diff erence between choices made by individual consumers and 
public goods that have common-pool quality and specifi c ethical 
attributes. Altogether the authors see two major misapplications of 
ESSs: supporting human well-being through valuation of ESSs, 
but neglecting the maintenance of biodiversity; and insuffi  cient 
analysis of the causes and consequences of ecosystem degradation 
that require other and more critical analyses of power relations and 
power diff erences.  With these arguments, economic valuation meth-
ods are discarded in favour of deliberative decision-making and criti-
cal approaches with more complex reasoning regarding the production, 
consumption, and unequal distribution of benefi ts and disadvantages 
from ESSs  (Lele et al.  2013 : 25ff ).     
 Th e critical review of the concept of ESSs by Lele et al. is devalued 

by their incoherent reasoning. Th ey argue for a plurality of analytical 
perspectives to strengthen the concept and its coherence, but without 
a theoretical basis, only referring to the lack of engagement of more 
critical approaches as political economy, political ecology, environ-
mental sociology, ecological anthropology, and human geography in 
the debate. With knowledge from these social-scientifi c subjects, it 
should become possible to show more clearly the defi cits of the con-
cept. Th ese refer to the limits of ecological specialisation and applica-
tion without epistemological, theoretical, and methodological 
considerations that show a much more complex reality. But the 
authors do not show how to reformulate ESSs or to correct the incon-
sistent applications resulting from the neoliberal mainstreaming of the 
idea. Th eir critique is limited to the basic points that the cooperation 
of conservation biologists and environmental economists is  insuffi  cient, 
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not showing the co-production of ESSs through nature, human 
labour, technology, and capital. It can be assumed that broader inter-
disciplinary discussion will result rather in discarding of the concept 
than in its theoretical elaboration that would, according to the reason-
ing of Lele et  al., become too complicated to achieve a theoretical 
consolidation of ESSs.   

   2.     An alternative interdisciplinary broadening is to connect the debate of 
ESSs with the sustainability discourse in search of a critical compass for its 
application and for shifting from effi  ciency- to justice-related assessment.  
Although sustainability is a controversial concept and the discourse 
similarly disjointed as that of ESSs, it has advantages in comparison to 
the critique of Lele et al. Th e intensive critical debate of sustainable 
development helps to clarify and improve the concept of ESSs; and a 
justice-oriented perspective seems necessary to break the hegemony of 
environmental economics in nature conservation. Th e critical debate 
of ESSs begins with social inequalities generated and neglected with 
the application of ESSs in neoliberal policy programmes. Farley 
( 2012 ) analyses critically the economic premises of ESSs, showing the 
inappropriateness of marginal analysis and monetary valuation for an 
ecologically oriented practice of managing ESSs. Such a practice 
requires similar things as in the sustainability discourse, diffi  cult until 
today: to integrate social, economic, and ecological perspectives and 
contradicting goals. 

      (a)     Farley sees the advantage of an ecological debate by ecological 
economists and others in the goal of improved quality of life com-
patible with the conservation of ecosystems. For that purpose, eco-
nomic institutions need to be adapted to deal with the physical 
qualities of ESSs and the qualities of ecosystems as adaptive and 
resilient systems. ESSs are not necessarily aiming at this goal which 
requires normative reasoning and choice among alternatives. But 
the logic of decision-making applied for ecosystem management 
opens possibilities of conscious choices between alternative objec-
tives as monetary valuation, human quality of life, or conservation 
of nature because of its intrinsic values (Farley  2012 : 40, 48). Th is 
view considers explicitly the relevance of ESSs for human welfare, 
taking into account the limits to economic growth and the limited 
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possibilities to substitute natural resources through other natural 
or non-natural resources. Furthermore, the idea of resilience comes 
to the foreground, highlighting the possibility that ecosystems can 
change into alternative states which are less supporting human 
welfare than undisturbed ecosystems.   

    (b)     In unfolding his critique, Farley argues that commodifi cation of 
ESSs is not a consequence of the ecological concept, but of con-
ventional economic ideas used in its application. A market-based 
monetary allocation fails in two decisive points: to achieve ecologi-
cal sustainability and just distribution of natural resources between 
diff erent social groups, countries and national economies, or gen-
erations. Farley is aware that this reasoning violates the conven-
tional economic logic of allocation, assuming that markets always 
provide for effi  cient allocation of scarce goods between alternative 
forms of use and alternative user groups. Consequently, he asks 
whether an economy taking into account the physical and ecologi-
cal qualities of resources can be market effi  cient (Farley  2012 : 48). 
 With the unfolding of these ideas it becomes possible to connect several 
critical discourses, that of limits to economic growth, of degrowth, and 
of de-commodifi cation of ESSs, for purposes of achieving sustainability 
in natural resource management.  Farley’s arguments converge with 
the integration of analyses of vulnerability, resilience, and sustain-
ability, discussed in Chap.   4    , and it supports a more theoretical 
analysis of social and environmental limits to natural resource use 
that unfolds in social-ecological theory.     
 Similar as Lele et al., Farley discusses the economic perspective in 

the application of ESSs and its defi cits, but goes a step further in con-
necting the discourses of ESSs and sustainability by showing the impli-
cations of ESSs for ecological sustainability.  Both critical reviews are 
compatible with the theoretical considerations in this chapter  , although 
they do not elaborate a theoretical perspective of social-ecological analysis. 
Th is can also be said for the further debate of ESSs, where three questions 
are in focus : which methodologies can be used for the valuation of 
services, how ESSs support conservation of nature and ecosystems, 
and how ESSs can be applied in practices of natural resource 
management?   
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   3.     Th e further debates of ESSs are restricted to specialised ecological and 
applied research, less relevant for a theoretical elaboration of ESSs, but 
showing various methodological problems of managerial application of the 
term. 

     (a)      Methodologies for the analysis and valuation of ESSs , especially the 
use of geographical information systems (GIS) and the mapping of 
services, show some potential strengths of the concept, supporting 
the use of ESSs in policies aiming at new forms of protecting nature 
and ecosystems. Methodological improvements of data collection 
and use would require theoretical discussion of ESSs and appropri-
ate conceptual construction of services. But the methodological 
debate is limited to practices of conservation, assuming that ESSs 
is primarily for application in environmental policies and resource 
management. Th is purpose justifi es methodological scrutiny, 
ignoring principal doubts about the use of the concept. For poli-
cies of conservation, no critical assessment of non-intended conse-
quences is delivered with this methodological debate. Policies seem 
to be perceived in technocratic views of expert knowledge, sup-
ported by the terminology of policy analysis that focuses on for-
mulating and implementing policy programmes and measures. 
Th ese views ignore the controversial and power-related nature of 
politics and political decision-making, reducing it to the delivery 
of alternative options for policy decisions and fi nding adequate 
areas for protection of nature, biodiversity or ecosystems. Th e fol-
lowing arguments show the shortcomings in discussions of meth-
odological questions of analyses of the value of ESSs. 

 Schägner et  al. ( 2013 ) develop a GIS-based matrix to classify 
studies according to the methodologies applied for mapping the 
value of ESSs. Th e advantage of GIS technology is seen in improv-
ing spatial valuation of ESSs, in improving information about trade-
off s and synergies of alternative policy scenarios, and in identifying 
suitable locations for policy measures. However, practices of ESSs 
valuation diff er widely in terms of spatial scope, purpose, disciplines, 
methodologies used to show how ESSs are supplied, and in their 
accounting for variation of values across space (Schägner et al.  2013 : 
44). For the diff erent methods in value mapping, supply mapping of 
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services, and spatial distribution of services, no consensus is avail-
able on which method is best for which purpose. Operationalisation 
and development of specifi c measurement procedures are discussed 
under the premise that the only relevant issue for the practice of 
biodiversity management is how to assess the value of ESSs. Still 
more limited is the discussion of possibilities of mapping ESSs as, 
for example, referred to in the EU biodiversity strategy 2020 (Hauck 
et  al.  2013 ). Th ere the critical question is that of the amount of 
information that can be used in the decision- making process, a rea-
soning that does not advance to the clarifi cation of valuation meth-
ods. Hauck et al., being aware of the limits of valuation methods, 
conclude only that maps can be helpful but should be used carefully, 
whatever this implies. At the end, the discussion of policy instru-
ments for measuring the value of ESSs falls back to scientists who 
need to clarify for the decision-makers which instruments to use. 
 More critical questions of methodology in the analysis and valuation of 
ESSs that are missing in both studies are that how methodologies con-
nect to theoretical framing, refl ection, and synthesis of knowledge on 
services . With such questions, the discussion goes beyond the valua-
tion of services which dominates in the methodological debate, 
reducing the use of scientifi c knowledge to that what can be mea-
sured with diff erent methods of research and valuation.   

    (b)      Th e debate of ESSs and conservation of nature and ecosystems  comes 
closer to the core of the problem of constructing and classifying 
ESSs as water purifi cation, recreational opportunities, erosion pro-
tection, soil regeneration, and so on. Simpson ( 2011 : 16ff ) dis-
cusses this point referring to the economic applications and the 
assumptions underpinning these, also mentioning dis-amenities 
that ecosystems generate for humans .  Among the assumptions that 
enter in strategies to improve, conservation through economic 
valuation of ESSs and payments for these is one, which Simpson 
doubts: that about the incapability of local and poor communities 
to maintain these services. His point is that their welfare may not 
be improved when conservation is for the benefi t of an interna-
tional conservation community interested in the maintenance of 
biodiversity, loading the burdens of that on the shoulders of these 
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communities. Also Simpson’s critical assessment of the ESSs term 
does not show an alternative to the concept, nor a way out of the 
contested and doubtful assumptions in its application for improv-
ing conservation strategies. Rather this discussion allows for the 
conclusion that the perplexities of the concept in economic reason-
ing, and the simple solution mechanism of payments for ESSs, 
cause its problematic quality and practice. Th is has, with more 
detailed arguments, been formulated in the critique of Lele et al. 
and Farley discussed above. 

 A recent attempt to summarise the critical arguments against 
and for the use of the concept of ESSs by Schröter et al. ( 2014 ) 
evoked more attention. Th e authors show a series of contradicting 
interpretations of ESSs between which choices are required:

 –    Being anthropocentric or going beyond instrumental values  
 –   Promoting an exploitative human–nature relationship or recon-

necting society to ecosystems  
 –   Confl icting with biodiversity conservation objectives or being 

complementary to these  
 –   Focussing on economic valuation or accepting other values  
 –   Promoting commodifi cation of nature or rejecting market-

based instruments  
 –   Vagueness of defi nitions and classifi cations seen as defi cit or as 

requiring transdisciplinary collaboration  
 –   Th e controversy about the normative nature of the concept, 

whether all outcomes of ecosystem processes are desirable or not    

 Having driven the debate to the point of normative assump-
tions, a major weakness of the concept is laid open that cannot be 
removed with the help of valuation methods or the formulation of 
contrasting interpretations. Th e question emerges  whether the con-
cept should be given up because no consensus can be found between 
incompatible values and interests guiding the interpretation. 
Alternatively, it may be helpful to transfer the normative debate into a 
theoretical one, showing the implicit or explicit views in connection to 
diff erent theoretical arguments and lifting the debate to a theoretical 
one that can connect more theoretical and disciplinary perspectives.    
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    (c)      Th e concept of ESSs in the practice of political decision-making  is dis-
cussed by McAfee ( 2012 ) regarding the commercialisation and 
trading of services. Th ese practices gave rise to controversies in the 
ecological discourse and in international policies, whether the idea 
of payments for ESSs or selling nature to save it has the intended 
eff ects. Th e author concludes that  ten years of experience with pay-
ments of ESSs shows, market- effi  ciency criteria are in confl ict with 
poverty-reduction priorities, reinforcing a confl ict between develop-
ment and conservation goals in projects framed by the “asocial logic” of 
neoclassical economics.  Application of the market model in interna-
tional conservation policy shows a redistribution of wealth from 
poorer to wealthier classes and from rural regions to centres of 
capital accumulation in the Global North (McAfee  2012 : 105). 
Th is critique was implicit in several of the analyses and reviews 
discussed above, but it may not become eff ective unless it is elabo-
rated in theoretical perspectives and arguments that show ESSs in 
the broader context of interacting social and ecosystems. Without 
unfolding such contextual perspectives and synthesising the argu-
ments in the social-ecological theory of nature and society, the cri-
tique of commercialisation and commodifi cation of ESSs by the 
World Bank and the United Nations may remain weak: an ethical 
reasoning against commercial misuse of payments for ESSs that 
refrains from a more consequent critique of the policy- and deci-
sion-making processes. Critical reasoning can be stronger when the 
implications of market- based strategies of conservation are shown 
empirically and through coherent theoretical arguments about the 
non-intended, power-based, socially and environmentally destruc-
tive consequences of commodifi cation of nature. 

 To launch this critical perspective, arguments found in the criti-
cal debate need to be systematically discussed and assessed, as some 
of the reviews attempted. McAfee also refers to a variety of debates 
that showed attempts to operationalise ESSs. Th ese attempts 
include elaboration of methods, construction of indicators, and 
quantifi cation of ESSs, in knowledge practices of classifying, mod-
elling, mapping, assessing, and valuing services, using GIS-based 
information. Such practices turn fi nally out to be attempts of 
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methodological standardisation, of opening a fi eld of applied 
research by a discourse community with vested interests, closed off  
against more critical interdisciplinary discussion, as McAfee 
described. After all discussion of ESSs, it remains still to be done 
what the social-ecological theory of nature and society requires: to 
reinterpret the technocratic concepts and to integrate them in an 
interdisciplinary theory, not only in explanatory functions, also for 
supporting the theory-based critique of environmental policies and 
managerial practices. 

  Th e main theoretical argument to be developed in the emerging 
social- ecological theory  is beyond the critical review of manifold 
shortcomings and inconsistent applications of ESSs: a coherent 
ecological perspective requires a theoretical formulation of the con-
cept and a classifi cation of ESSs that is free of arbitrary ascriptions 
of services to ecosystems and shows how ESSs can be maintained 
without economic distortions and privileging of powerful actors, 
for the benefi t of all, including disadvantaged groups. Th is would 
require a description of benefi ts of ESSs in ecological and social 
terms, renouncing to monetary valuation and resisting commodi-
fi cation of nature. Further knowledge from diff erent disciplinary 
and interdisciplinary sources can help to achieve the ecologically 
justifi ed targets of conservation by using ESSs, targets that are 
missed with “quick and dirty” methods, and strategies that support 
political and economic misuse of the idea.    

           Conclusion: Theoretical Elaboration of SES 
and ESSs 

 Th e discussion of SES and ESSs shows that empirical research has not 
brought a clarifi cation and validation of new concepts, rather continuing 
disputes about their application and how to achieve the widely accepted 
goal of protection of nature or maintaining of functions of ecosystems. 
In the practice of environmental policy and resource management, it 
is more the power of institutional actors than the quality of scientifi c 
arguments that counts. Th e more complex goal of transformation to 
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 sustainability needs to be rethought with the help of more elaborate con-
cepts and theories. For this transformation, the knowledge and research 
on risks, vulnerability, resilience, and governance of SES or ESSs, deliv-
ers only preliminary, often confusing, and contradicting results. Th e 
knowledge dilemmas cannot be dissolved through more and new empiri-
cal research which implies more research in the same forms, disciplinary 
specialisations, established institutions, and academic power relations 
that demonstrated their ineffi  ciency already in earlier environmental 
research and policy making. Also in the new research areas, as research 
on resilience and ESSs, such scientifi c power structures are recreated 
rather than changed. An alternative seems more systematic use, criti-
cal review, combination, and synthesis of available knowledge and the 
development of inter- and transdisciplinary knowledge cultures. Some 
possibilities to advance in that direction became visible with the discus-
sion of SES and ESSs.

    1.    Th e establishment of a new term of SES in ecological research was not 
thought as a traditional form of concept development: it signalled in 
ecology the eff ort to develop a more interdisciplinary research culture, 
which did not happen so far. New schools and epistemic communities 
with practices of specialisation-based knowledge enclosure and cita-
tion networks developed in competition with others. Attempts to 
integrate SES analysis in the theory of nature and society showed at 
least what would be necessary to transform the notion from a heuristic 
to a theoretical concept that can help to integrate knowledge from 
diff erent disciplines and research areas and refl ect critically empirical 
research and knowledge production.  Th e contours of the SES concept 
develop with the combination of social-scientifi c and ecological concepts 
and theories, and their reinterpretation in interdisciplinary knowledge 
syntheses:  

 –     In social-ecological theory, SES include not only geo-biophysical 
systems with actors and institutions connected, but varying forms 
of coupled social and ecological systems that show how in modern 
industrial society nature and society interact and create successful 
forms of sustainable development or maladaptive change.  

230  Social-Ecological Transformation



 –   SES cannot be conceived of in general and standardised forms, but 
as historically and spatially specifi c systems that develop with inter- 
and transdisciplinary research and knowledge integration and strat-
egies that support in practice the networking of institutions and 
policies across several spatial and temporal scales.  

 –   SES can, with the help of classifi cations discussed in this chapter, be 
integrated in the framework of a social-ecological theory of interact-
ing nature and society which includes further knowledge than that 
produced in ecological research.  

 –   Th e relevance of theoretically based SES analysis for practices of 
natural resource use and conservation is to develop alternatives to 
commercialisation of nature or ESSs, strategies supporting fair shar-
ing of benefi ts from ESSs. Th is requires complicated and confl ict- 
rich debates, negotiations, and deliberations to transform powerful 
vested interests of privileged groups and actors, nationally and 
internationally, combatting of unequal appropriation of benefi ts 
from ESSs and conservation, criticising powerful international con-
servation communities that presume to act in the global common 
interest but reinforce established power structures in the economic 
world system.      

   2.     Th e integration of the term of ESSs in the social-ecological theory does not 
develop through a new theory emerging from empirical research. Its theo-
retical contours develop through the elaboration and critique of the con-
cepts and assumptions with which ESSs are constructed . Th e classifi cation 
of services and their connection to human well-being show incoher-
ent, contradicting, and insuffi  ciently refl ected knowledge use that is 
hardly corrected through empirical research and require explanatory 
purposes to specify the forms of interaction and coupling between 
social and ecological systems. Th e new fi elds of applied research on 
SES and ESSs did not develop towards interdisciplinary and theoreti-
cal knowledge integration, rather as new specialised fi elds of research. 
Alternative concepts, improved classifi cations of services, and changed 
practices of resource management remain to be done in the further 
elaboration of the theory of nature–society interaction discussed here, 
or other forms of such theories. Main requirements in the clarifi cation 
of ESSs are 
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 –     to show the co-production of services through “cooperation” of 
nature and society, and the transformation of ESSs through their 
use by humans;  

 –   to deal with the disjointed practices of empirical research and post-
poned critical review of ESSs strategies that work with economic 
valuation and pricing of services;  

 –   to develop alternatives to the commercialisation of nature by 
strengthening ecological perspectives of conservation and ecosys-
tem protection.      

   3.    Th e social-ecological theory to develop off ers possibilities to construct 
ESSs in other theoretical perspectives than that of self-regulation of 
ecosystems that is a weak theoretical basis to understand the co- 
production of ESSs through nature, human labour, knowledge, and 
technologies in coupled and interacting SES. In the analysis of ESSs, 
economic and ecological forms of theorising are prevailing that 
resulted in contrasting interpretations. Further perspectives and theo-
retically refl ected concepts can help to change the blocked discussion 
and the practice of mainstreaming and commercialising the services 
through payments for them. When the critique of economic valuation 
of ESSs is connected with theoretically developed critiques of growth 
and limits of resource use, and ideas for de-commodifi cation of 
nature—it directs towards new strategies for social-ecological transfor-
mation that go beyond public policies and environmental governance. 
Critically refl ecting the analyses of nature–society interaction in vari-
ous social and ecological theories is a way to identify counterproduc-
tive ideas appearing in the ecological discourse and in practices of 
natural resource use and management, thus supporting the creation of 
capacities and agency for the global transition to sustainability.         
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    6   
 Knowledge Transfer Through Adaptive 

Management and Environmental 
Governance                     

      Th is chapter discusses two managerial approaches, adaptive management 
and environmental governance. Th e forms of exchange and transfer of 
knowledge between ecology, policy, and practices of natural resource 
management are analysed and reformulated in the context of the inter-
disciplinary theory of nature–society interaction. Both frameworks are 
critically reviewed in similar perspective as the concepts of SES and ESSs 
in the preceding chapter:

 –    To show how they can be modifi ed and used in the social-ecological 
theory that works with various knowledge practices for synthesis, 
assessment, transfer, and application of scientifi c knowledge  

 –   To show how transfer and sharing of knowledge between diff erent 
knowledge spheres and practices become possible    

 Adaptive management develops from ecosystem research whereas 
environmental governance is a more diff use set of ideas discussed in 
the social sciences, in political ecology, and in environmental policy. 
Th e knowledge practices found in both approaches show the changes 



of  conventional forms of knowledge transfer in environmental research. 
Th e practices include interdisciplinary frontier research, blending of basic 
and applied research, and the governance of ignorance, insecurity, and 
risk, connecting with the research on vulnerability, resilience, and sus-
tainability. In the perspective of the social-ecological theory of nature and 
society, both frameworks are interesting for their use in integration and 
transfer of knowledge for sustainable resource management: which forms 
of societal transformation to sustainability through local and multi-scale 
governance approaches do they support? 

  Adaptive management  exemplifi es the diffi  culties with interdisciplinary 
strategies of knowledge transfer. Th e approach is formulated with few and 
simple principles for ecosystem development in situations of ignorance, 
where new knowledge cannot be provided through research. Practical 
experiments in resource management and variation of management rules, 
trial-and-error-based procedures, steps of joint learning, and continuous 
improvement of governance systems are seen as ways to navigate towards 
sustainable resource management. 

  Environmental governance  has some vague principles: focusing all pol-
icy, management, and action processes on the environment; organising 
economic processes according to ecological principles of a circular econ-
omy; and connecting people to ecosystems. Environmental governance 
aims at embedding communities and societies in the environment or in 
nature (Speth and Haas  2006 ; Delmas and Young  2009 ; Evans 2012). 
Global environmental governance is oriented to global resource fl ows and 
possibilities of managing global environmental change. 

 Th e following discussion shows that adaptive management and envi-
ronmental governance are not standardised approaches and develop 
slowly through application, refl ection, and methodological and theoreti-
cal refi nement for which social-ecological theory provides critical reviews 
and some framing and bridging concepts. For both practices, empirical 
research on management and governance helped to formulate them, but 
simultaneously the limits of research as knowledge practice for gover-
nance became visible. 
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    Knowledge Integration and Application 
in Public Policy and Resource Management 

 Duit et  al. ( 2010 : 363) describe a new dilemma of resource manage-
ment as increasing interconnection of the world through information, 
trade, and technology and fragmentation and lack of coordination of 
decision-making and institution building. Decentralisation, growth of 
public–private partnerships, and growing infl uence of NGOs are seen as 
signs of fragmentation of policies and decision-making. It is, however, 
unclear, whether the consequences of the processes seen as fragmentation 
are only such of reduced coordination and integration of policies and 
resource management. Decentralisation, networking, and nesting of local 
management systems can also be seen as broadening of the repertoire 
of collective action, creating new possibilities for knowledge integration 
that support the transformation to sustainability. In both interpretations, 
knowledge problems come to the foreground that are so far neglected in 
the management and governance debates. Th ese problems are discussed 
in the following sections to prepare the more detailed analysis of adaptive 
management and environmental governance in the perspective of social- 
ecological theory. Th e following fi ve arguments describe  major problems 
of knowledge integration for purposes of natural resource management: 

    1.     Methodological diffi  culties of knowledge integration and synthesis:  A 
renewal of resource management requires methodologies of inter- and 
transdisciplinary knowledge integration. Methods for combining, 
integrating, and synthesising knowledge from empirical research and 
theoretical analyses across disciplinary boundaries are poorly devel-
oped. Th e communication and knowledge transfer in applied research 
and resource management practices happen often in oral forms of dis-
cussion and synthesis, working with heuristic principles from manage-
ment science. Although interdisciplinary knowledge use is practised in 
environmental research since many decades, rules and criteria for 
combination, integration, and transfer of social- and natural-scientifi c 
knowledge are not systematically investigated and discussed. As a con-
sequence of these methodological defi cits, the knowledge synthesis 
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and application for environmental management and governance suf-
fer from the selectivity, the casualty, and the limits of knowledge 
exchange in the cooperation between scientists and practitioners. Th e 
practice of knowledge synthesis in environmental research focusses on 
knowledge from empirical studies; in the practices of natural resource 
management, diff erent forms and sources of knowledge are used, but 
methodological guidance and structuring of knowledge application is 
low. 

 Tengö et al. ( 2014 : 1) describe for the governance of ecosystems the 
knowledge integration and synthesis as creating synergies across 
knowledge systems and assume that the use of diff erent knowledge 
forms can create new insights through complementarities, enriched 
understanding, and joint assessment of knowledge. Synergies between 
knowledge systems are discussed in terms of integration, cross- 
fertilisation, and co-production of knowledge. Th e knowledge pro-
cesses studied are limited in scope and purpose: integration of local 
and indigenous knowledge in local case studies. Th e purpose of knowl-
edge integration is seen as creating a richer picture and understanding 
of problems. With these vague ideas, the principles and problems of 
inter- and transdisciplinary knowledge syntheses cannot be described 
in methodological or epistemological terms. Th e example shows a 
form of knowledge integration discussed with insuffi  cient epistemo-
logical concepts, more as a side aspect of empirical research and not 
with regard to interdisciplinary theory as part of knowledge 
integration.   

   2.     Th e practices of “muddling through” in natural resource management:  In 
applied research, the progressing specialisation of disciplinary research 
results in preliminary and incomplete syntheses and knowledge prac-
tices in forms of enclosures when scientifi c and epistemic communi-
ties protect their competing knowledge claims and domains. McAfee 
( 2012 ) describes such practices of selective and competitive knowl-
edge use with the proliferation of preliminary models, heuristics and 
inexact methods, insuffi  cient analysis of intersystemic relations in 
SES, and ignoring of theoretical knowledge. Ways towards interdisci-
plinary concepts and frameworks and to improved conceptual models 
and knowledge integration in natural resource management are not 
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opened from the natural- and social-scientifi c disciplinary knowledge 
practices. A vague idea of scientifi c management strategies for conser-
vation and natural resource use guides the integration of empirical 
knowledge in adaptive management. Th is idea is more misleading 
than developing the approach through interdisciplinary knowledge 
synthesis. Th e social-scientifi c knowledge that is used to reformulate 
adaptive management under the name adaptive co-management and 
as governance is limited to some forms of cooperation, power sharing, 
and adaptation to the institutional context. 

 Th e insuffi  ciently developed concepts of SES and ESS and the lim-
ited approaches to knowledge transfer indicate the necessity to develop 
methods along the  knowledge chain of generation, integration, diff usion,  
and  transfer and application of knowledge . In all these phases of knowl-
edge generation and application, the complexity of systems and pro-
cesses in SES creates main epistemological and methodological 
problems. Th e development of theory-based knowledge synthesis 
requires more investigation and refl ection than in interdisciplinary 
research and practice, where synthesis is often intuitively done in heu-
ristic practices without epistemological guidance. Multi- and interdis-
ciplinary knowledge integration is especially important in 
environmental research. New areas of research such as climate change 
and new approaches and frameworks in ecological research and natu-
ral resource management as adaptive management and environmental 
governance are confronted with many forms of interaction and cou-
pling between social and ecological systems.   

   3.     Th e institutional crisis of natural resource management:  Knowledge 
strategies to deal with insecurity, risks, and future resource use prob-
lems are not advanced in management research that needs to deal con-
tinually with the cognitive problem that knowledge is about the past 
whereas the future can only be dealt with in the form of decisions that 
infl uence possible paths of development. Approaches discussed in this 
chapter and further ones as that of Ostrom’s ( 2009 ) multi-tier frame-
work show that complexity and insecurity in resource management 
research and practice are approached in simple methods of knowledge 
integration, mainly using knowledge from empirical research, case 
studies, and conceptual frameworks. Such methods may be suffi  cient 
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for limited purposes, integrating data from local case studies or in local 
management. Further forms develop in inter- and transdisciplinary 
knowledge integration: more systematic knowledge syntheses for 
research, and for the practice of resource management forms of net-
worked, nested, or multi-scale management systems. 

 Insuffi  cient knowledge and data, insecurity, and ignorance are 
known problems in environmental research. Th e approaches discussed 
here get rid of the methodological problems through the shifting of 
knowledge synthesis from science to practice, from research to resource 
management and policies. Th ere the syntheses are often done in man-
agerial deliberations and in attempts to negotiate and match the inter-
ests and knowledge of the actors pragmatically in management 
processes that are continuously under time and decision pressure, 
work without formalised methods, in oral forms, insuffi  ciently docu-
mented, and evaluated. Such syntheses reduce the aspirations of 
knowledge integration, dictated by the constraints of the management 
situation and the practical purposes of knowledge application. Th e 
situation is similar to that described as postnormal science (Funtowicz 
and Ravetz  1993 ). Th e practice can be justifi ed with the necessities of 
achieving consensus and joint decisions, therefore reducing method-
ological validation and quality control. In the cooperative and partici-
patory resource management developed approaches, mainly in 
agricultural policies and international development cooperation, such 
imperfection is methodologically justifi ed, for example, in the 
approaches of the rapid and participatory rural appraisal (Chambers 
and Conway  1991 ; Chambers 1994). Th e risks of managerial deci-
sions are, in these practices, minimised through the local limits of 
management, the limited complexity of SES to manage, and the rela-
tively transparent situation, that make corrections of management 
practices easier. It is, however, doubtful whether the toolbox of partici-
patory methodologies off ers suffi  cient methods for the complexity of 
problems to deal within multi-scale and sustainable resource manage-
ment with its complex webs of research and management.   

   4.     Th e complexity crisis in social-ecological research—limits of knowledge 
synthesis from local case studies:  In the research of Ostrom et al., only 
preliminary forms of knowledge synthesis are developed, based on the 
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building of databases from local studies and the comparison of cases. 
Integration of knowledge from comparative empirical research, cogni-
tive bridging strategies in form of heuristic frameworks, and some 
principles for guiding resource management with scientifi cally backed 
ideas are the main ideas guiding knowledge synthesis (see Chap.   4    , the 
Appendix). More and other knowledge than from local studies is 
required for dealing with complex systems, resource use dilemmas, 
and wicked problems. Th e empirical and case-study-based research 
supports inductive generalisation, rather codifi cation of knowledge, 
and helps to build gradually large databases for empirical research on 
resource management. But it is much less discussed how to codify this 
knowledge in overarching theoretical frameworks and to apply it in 
the practices of resource management. Ostrom ( 2007 ), asking for a 
science of complexity to deal with the much more complex multi- 
scale resource use problems, formulates only the necessity, with argu-
ments that much more knowledge is required to deal with the 
complexity of global problems. She does not yet show how this com-
plexity science can be realised by epistemologically and theoretically 
elaborated interdisciplinary perspectives of knowledge generation and 
application. Adaptive management and environmental governance are 
approaches that require for their further development such enriched 
and systematic empirical and theoretical synthesis. Th ey are con-
structed as overarching approaches, which develop through bridging 
concepts mediating between research and policy or governance, inso-
far similar to the interdisciplinary and applied research on vulnerabil-
ity, resilience, and sustainability (see Chap.   4    ) that is connected to 
these approaches; they can be applied in many fi elds of environmental 
policy and natural resource management, for example, for conserva-
tion of nature and natural resources, for ecosystem-based manage-
ment, for renewal of energy regimes, and for searching local ways to 
adapt to global climate change.   

   5.     Th e challenges of transdisciplinary knowledge integration:  Knowledge 
integration becomes more diffi  cult when scientifi c knowledge is con-
nected with local, practical, and indigenous knowledge for which 
methodological and epistemological criteria diff er from established 
scientifi c methodologies. Knowledge is usually classifi ed in broad and 
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inexact forms as scientifi c, managerial, local, or practical and tacit 
knowledge. When non-scientifi c knowledge is adopted in environ-
mental research, it is in exceptional cases and for “privileged” forms of 
knowledge that are directly relevant for processes of natural resource 
use. A paradigmatic example is local ecological knowledge, for exam-
ple, in fi sheries management Maes 2008. Th e utility of local ecological 
knowledge as complementary to scientifi c knowledge is evident, but 
its use is limited, complementing the dominant forms of scientifi c 
knowledge; it seems practically impossible to establish new knowledge 
cultures outside the dominant scientifi c knowledge and without con-
trol scientists. To be applied in research and resource management, 
non-scientifi c forms of knowledge need to be renewed as part of scien-
tifi c knowledge production, not in their original forms as local or 
practical knowledge. Th e practices of new knowledge production 
called “mode 2” and “transdisciplinarity” are diff use with regard to 
formulating criteria for knowledge integration. It seems that the devel-
opment of these and other forms of knowledge integration need to 
work with more diff erentiated concepts of knowledge than the abstract 
forms mentioned above.    

   Th ese refl ections of diffi  culties in inter- and transdisciplinary syntheses of 
knowledge for purposes of natural resource management indicate a cognitive 
crisis in environmental research and management.  Th e diffi  culties to deal 
with complex intersystemic processes in SES management evoked a crisis 
to which adaptive governance is a fi rst reaction, similar to the approach 
of frontier research with combinations of interdisciplinary, basic, and 
applied research (European Commission 2005). Ideas of frontier and 
participatory research, stakeholder involvement, and transdisciplinar-
ity do not yet show solutions where diff erent forms of knowledge can 
be integrated with effi  cient and scientifi cally validated methods. Rather, 
they institutionalise the cognitive crisis of environmental research and 
resource management as a permanent crisis by way of continued use 
of preliminary concepts, models, frameworks, and inexact methods of 
knowledge search in situations where suffi  cient and suffi  ciently exact 
knowledge cannot be found.  
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    Adaptive Management and Governance 

 Th e scientifi c knowledge and principles developed from management and 
planning research have since long supported lower ambitions in man-
agement because of the limited availability of knowledge or the limited 
capacity of humans to process knowledge in decision-making processes. 
Th is is articulated in diff erent forms, for example, by Simon (1991) in 
the theorem of bounded rationality, in the insights that complexity of 
problems, time pressure for decision-making, and limits of applicable 
knowledge set limits to the practices of knowledge use. Th is was known 
long before ideas of postnormal science or adaptive management were 
formulated. For natural resource management, the limits and constraints 
were refl ected again by Ludwig ( 2001 ) in the conclusion that adaptive 
management is management for the era when management is over. Th e 
formulation describes a situation where limits of knowledge, uncertainty, 
and ignorance enlarge the diffi  culties in natural resource and ecosystem 
management. 

 Principles of adaptive management and the later version of adaptive 
governance are derived from ecological knowledge and research. With 
adaptive management begins a critical refl ection of the application of 
ecological knowledge, although not explicitly discussed in epistemologi-
cal and methodological terms. Th e debate indicates growing awareness 
of the necessity of social-scientifi c and practical knowledge in natural 
resource management. It results in the support of cooperation of sci-
entists, resource managers, and resource user groups. Th e awareness of 
knowledge limits and of the necessity of cooperation of diff erent actor 
groups can be interpreted diff erently

 –    as a high ambition of integrating and synthesising diff erent interests 
and knowledge forms to meet the diffi  culties of sustainable resource 
management, or, to the contrary,  

 –   as a low ambition, describing an emergency solution in the sense 
that participation, cooperation, negotiation, and knowledge inte-
gration arrangements are required, because no form of knowledge, 
including scientifi c knowledge, is suffi  cient to deal with the com-
plexity and uncertainty prevailing.    
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 Arguments for both interpretations can be found; further clarifi cation 
of the new management strategies and their application is necessary. 

 In the following discussion, adaptive management is described in its 
development and as a preliminary solution of to the continuous manage-
ment problems of dealing with lack of knowledge, risks, and unforesee-
able events in decision-making about the use of natural resources. With 
the critical discussion of the approach in the context of social- ecological 
theory, the intention is not to adopt or reject the ideas of adaptive man-
agement but to fi nd out  how adaptive management can be developed, 
modifi ed, and complemented through ideas from other knowledge sources 
and theories  that are relevant for interdisciplinary knowledge syntheses in 
environmental research and natural resource management. 

    Development and Critique of Adaptive Management 
and Co-management 

 Adaptive management starts from a conventional understanding of man-
agement requirements with the assumption that natural resource man-
agement is a form of scientifi c management. Th is assumption implies that 
knowledge can be transferred from ecological research to natural resource 
management. Resource managers are defi ned in similar ways to research-
ers in their practices of seeking information, reviewing knowledge, and 
dealing with questions of insecurity, risk, and ignorance. Adaptive man-
agement, seen in the context of sustainable development, refl ects the 
social and environmental change in past decades and the complexity of 
problems that limits the formulation of “sound” methodological prin-
ciples for resource management. Resource or ecosystem management 
cannot be improved further through scientifi c knowledge or research, 
but through controlled policy and management experiments, variation of 
management rules, iterative decision-making, monitoring and improv-
ing management systems through learning, and opening the manage-
ment process for involvement of practitioners and other stakeholders in 
decision- making. Th ese forms of seeking new knowledge sources and 
knowledge generation processes diff er from the ideas discussed in cyber-
netics about dissolving uncertainty, Ashby’s “law of requisite  variety” or 
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good regulator theorem, and Beer’s “variety absorbs variety” (Beer  1979 : 
286). Adaptive management develops from ecological research and 
adopts more recent ideas of augmentation of managerial knowledge and 
improving management practice through social processes of cooperation. 

 In deriving management ideas from knowledge about ecosystem 
development, adaptive management faces diffi  culties when dealing with 
dynamics of social systems and social-scientifi c knowledge. Th is shows 
the discussion by Stringer et  al. ( 2006 : 1) with the discussion of dis-
solving uncertainty by use of knowledge from stakeholders, approaching 
sustainable resource management through cooperation, multi- directional 
information fl ows, collective learning, and fl exible ways of managing 
the environment and natural resources — methodologically vague ideas 
of knowledge generation and integration. Adaptive management is 
stuck in diffi  culties of dealing with the complexity of interacting SES 
and system processes, reacting with reductive knowledge strategies and 
simplifi cations, leaving science. Other forms of seeking new knowledge 
for adaptive management would be possible: for example, ideas formu-
lated with Ostrom’s ( 2009 ) multi-tier framework, or ideas developing 
with the social-ecological theory of nature–society interaction that show 
other forms of dealing with complexity. Looking for new ways to develop 
adaptive management may be necessary: the knowledge from ecological 
research is limited and insuffi  cient for dealing with complexity of social 
systems that infl uence natural resource management. 

 Th e stakeholders in natural resource management — political decision- 
makers, natural resource managers, governmental organisations, resource 
uses groups, enterprises, and environmental movements or NGOs — are 
directed in their practices more through their interests, goals, political and 
social attitudes, trust and mistrust, world views and relations of competi-
tion, confl ict, and power asymmetries, not primarily through knowledge 
search and use. It can be asked, what is expected from new relationships, 
multi-directional information fl ows, joint learning, and new knowledge 
creation in complex situations of resource use? Th e answer by Stringer 
et al. ( 2006 ) is, to develop fl exible ways of managing the environment 
and reformulate the dilemma without advancing the generation of solu-
tions. In the debate of adaptive management, although opening the man-
agement process socially, not much is said about a major problem in 
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 collective resource management: the social and confl ict dynamics that 
appear with the involvement of stakeholders. It is assumed that these 
dynamics can be managed with ecological knowledge and some heuris-
tics and rules of communication and cooperation. Th e rules that Ostrom 
formulated for sustainable resource management (see Chap.   4    , the 
Appendix) are more targeted and concrete; they include collective learn-
ing in diffi  cult situations, situations described in the debate of postnor-
mal science by a continuous lack of knowledge, existence of confl icting 
values and interests, and time pressure and defi cits of coordinating and 
integrating processes and institutions. Continuous disputes, controversies 
and confl icts, and distrust and power struggles are consequences of these 
constraints. Moreover, the role of scientists in the management process is 
unclear when they can no longer take their conventional role as research-
ers who produce knowledge but refrain from decision-making. Th rough 
involvement in knowledge transfer, negotiation, and cooperation, scien-
tists become stakeholders in resource management; this situation is not 
suffi  ciently refl ected in the new resource management strategies. 

 Th e development and improvement of adaptive management shows 
three overlapping variants aiming at resource management in complex 
ecosystems under conditions of insecurity and lack of knowledge:

    Adaptive management  includes two schools, diff erentiated by McFadden 
et al. ( 2011 ) as ecological resilience-experimentalist school (discussed 
in the following) and decision-theoretic school with simpler models 
aiming at identifi cation of management objectives through stake-
holder involvement.  

   Adaptive co-management  is a variant of adaptive management where the 
procedures of power sharing and cooperation are more explicit and 
dealt with in the management process.  

   Adaptive governance  is a renewal of the ideas of adaptive management, 
according to Folke et al. ( 2005 ), addressing the broader social contexts 
of ecosystem-based management, including rules, conditions for col-
lective action, and coordination.    

 Th e debate of adaptive management brought advances in ecological 
management thinking in several aspects:
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    1.     Th e basic ideas of adaptive management  as summarised by Allen et al. 
( 2011 : 1340) originated in a variety of disciplinary and interdisciplin-
ary sources that are merged in an approach to natural resource man-
agement. Th e sources include practical experiences from business 
management, experimental science, systems theory, industrial ecology, 
and fi sheries management. Holling ( 1978 ) created the new idea of 
adaptive management in the context of his resilience thinking. 
Adaptive management as part of strategies for building resilience 
requires from resource managers to observe thresholds that can change 
the state of the managed system. It seems diffi  cult to maintain ecologi-
cal systems in a favourable state for all potential resource users — but 
the exclusion of certain users creates problems as well.  Dynamic man-
agement of resilience through management experiments, enhancing collec-
tive learning and reducing uncertainty, became the guiding ideas of 
adaptive management . Walters developed the approach further through 
mathematical modelling; he tried to bridge the gap between science 
and practice with designed experiments to reduce uncertainty. Th us, 
adaptive management appeared as the process of defi ning and bound-
ing the resource management problems, using models of system 
dynamics, supporting joint learning and identifying possible sources 
of uncertainty. Policies should be designed to continue resource man-
agement while improving it through experience and learning. Th ese 
ideas show a combination of abstract principles and heuristics to cre-
ate pragmatic solutions and to dissolve uncertainty in natural resource 
management.   

   2.     Th e development of adaptive management and its changing ideas  
described by Allen et al. gives the impression of a broadening of the 
interdisciplinary perspective with knowledge from several disciplines 
and research areas. Th is is not always confi rmed through the debates 
in adaptive management. Th e ecological knowledge and thinking that 
characterises the approach shows that adaptive management cannot 
deal with all complexity problems (see below, Table  6.1 ) with its lim-
ited and selective set of management principles. Folke et al. ( 2005 ) 
show that adaptive management and governance emerged in the con-
text of ecosystem-based management that brought also the concept of 
resilience;  adaptive management appears as a way to manage resilience.  
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        Table 6.1    Success and failure of adaptive management   

 1.  Strengths of adaptive management  
 Allen and Gunderson ( 2011 : 1384) describe the situations where adaptive 
management is applicable: scientifi c uncertainty, availability of resources 
for experimentation with multiple treatments, competing hypotheses that 
are fi nite and testable, and leadership being able to overcome vested 
interests of self-serving stakeholders blocking experimentation. 
 Allen et al. ( 2011 : 1344) summarise the strength of adaptive management 
as recognition and confrontation of uncertainty while continuing, not 
precluding managerial actions, thus fostering resilience and fl exibility to 
cope with an uncertain future, developing management approaches to deal 
with inevitable changes and surprises. 

 2.  Factors causing failure of adaptive management  
 (a) Allen and Gunderson ( 2011 : 1381 f) describe the lack of stakeholder 
engagement, diffi culty of experiments, inadequate reactions to surprises, 
too complex situations where adaptive management may fall back to 
following the original process rules, obstruction of action so that learning 
and discussion remain the only ingredients, learning not being used to 
modify policy and management, avoiding hard truths by conducting small 
experiments circumventing critical but controversial management 
challenges, lack of leadership and direction in the process, and focus on 
planning, not action. 
 (b) Allen et al. ( 2011 : 1341f) summarise additional causes of failure that 
converge to imperfect practices of adaptive management for natural 
resource management decisions: a lack of clarity in defi nition and 
approach; a paucity of success stories on which to build; management, 
policy, and funding that favour reactive rather than proactive approaches 
to natural resource management; failure to recognise the potential for 
shifting objectives; and failure to acknowledge the social source of 
uncertainty. 

 3.  Lack of conceptual and theoretical clarity  
 With the points above, Allen et al. ( 2011 : 1341) touch theoretical defi cits of 
the approach that oscillates between learning from the failure of prior 
management approaches and learning through feedback mechanisms (for 
continuous improvement of management practices with scientifi c 
principles). Adaptive management needs to address simultaneously the 
needs, interests, and the knowledge of scientists, managers, and other 
stakeholders that require further theoretical elaboration through 
interdisciplinary knowledge syntheses. 

(continued)
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Th e social dimensions of adaptive management, co-management, and 
governance come more to the forefront in later discussions. Tyre and 
Michaels ( 2012 ) discuss forms of social and natural uncertainty that 
aff ect the management situation. In this critical analysis, the method-
ological profi le of adaptive management and the view of complexity 
are still limited: reduced to illustrative examples from some case stud-
ies, showing that addressing uncertainty associated with the natural 
world is necessary but not suffi  cient to avoid surprise. Case studies of 
wildlife management show the indeterminism of management sys-
tems as non-stationary systems, systems that cannot be reduced to 
single and simple principles, where no probabilities of change can be 
formulated. Th e authors underline that uncertainty originates in eco-
logical systems  and  in the perceptions, interaction, and decisions of 
human actors. Social complexity regarding the resource users; their 
ideas and interests; and their social, community, and group structures 
seem, however, diffi  cult to apply in adaptive management.

       3.     Reviews of the literature on adaptive management  show the limits of the 
uncertainty-based management philosophy. Th e question, how to deal 
with uncertainty, is answered through the management principle of 
gradually removing uncertainty by experiments and variation of rules. 

Table 6.1 (continued)

 4.  Defi cits of application and implementation  
 Allen et al. ( 2011 : 1344): The approach is not a panacea for dealing with 
many “wicked problems” that are on the agenda of global environmental 
policies now. Adaptive management does not produce easy answers, and is 
only appropriate for specifi c natural resource management problems where 
both uncertainty and controllability are high. In situations of high 
uncertainty and low controllability scenarios seem more appropriate. 
Furthermore, adaptive management is not applicable when natural 
resources cannot be suffi ciently controlled through management or the 
system to manage is too complex as, for example, the climate system and 
global climate change: here, adaptive management can only help to 
mitigate some impacts such as shifting distributions of plants and animals, 
or changes in local availability of resources. 

   Sources : Quoted in the text  
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Although it became obvious in the discourse that more knowledge 
about the interconnecting social and ecological systems is required to 
deal with uncertainty, social dynamics are widely neglected. Recent 
debates take up social aspects, reducing them to factors aff ecting coop-
eration and the management process; nothing from systems analyses 
of society, economy and politics appears in the discourse . Th e main 
change of resource management principles that seems to be initiated 
through adaptive management is that “from maximum economic yield 
through maximum sustainable yield to management of ecosystem pro-
cesses”.  Th is change of principles implies a strengthening ecological sus-
tainability in decision-making by way of learning from success and 
failure in ecosystem management. Th e later development of adaptive 
management can be described as broadening decision-making by tak-
ing into account more processes in ecosystems, still neglecting many 
processes in social systems that can aff ect resource management. Th is 
practice matches with the reductionist defi nition of SES as a geo-bio- 
physical system with connected actors and institutions which excludes 
large parts of social-scientifi c knowledge from research and, as a con-
sequence, from resource management. Folke et al. ( 2005 : 443) describe 
this knowledge practice in their reconstruction of the development of 
ecosystem research that advances from single species management to 
management of ecosystems with diff erent species in multiple-scale 
perspectives. With this broadening of the perspective, certain prob-
lems of biodiversity maintenance and of adaptation to climate change 
can be taken up in the analysis of resilience of ecosystems as complex 
adaptive systems. Th e human dimensions in shaping ecosystem pro-
cesses and dynamics, the diversity of institutions and resource use 
practices, local interactions between actors, and selective knowledge 
use that shapes future social structures and processes are seen by the 
authors, but does not seem to be relevant for ecosystem-based or natu-
ral resource management. A more systematic use and integration of 
knowledge from social research is not recommended.   

   4.     In recent years, the critical discussion about success, failure, and limits of 
adaptive management intensifi ed . All improvements can be understood 
as applying the principles of adaptive management for the reformula-
tion of the approach and its conceptual framework. However, such 
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refl exive knowledge practice has its limits: some defi cits are connected 
to institutional structures of resource management, based on social 
norms, laws, and policy programmes that cannot be understood 
through refl ection of ecological principles. At this point, it would be 
necessary to discuss policy reforms and management practices of 
organisational development (Bradford and Burke  2005 ). Th e institu-
tional rules cannot be ignored in adaptive management, but they are 
not suffi  ciently refl ected in the approach and its basic concepts rooted 
in ecological research. Institutional change and development requires 
social-scientifi c knowledge and changes of rules that cannot always be 
done by the cooperating scientists, managers, and resource users. With 
the multi-scale connections of resource management systems that 
develop in global environmental governance, these institutional con-
straints become more important in the management practice where 
institutional and governmental actors are dominant. Th e long history 
and development of co-management in European fi sheries (Linke and 
Bruckmeier  2015 ) gives an example of the problem of slow and tough 
institutional change that impedes the development of new managerial 
approaches as participatory or adaptive management. It seems that the 
lacking success of adaptive management projects that is shown in 
many cases (see Table  6.1 ) is caused through the underestimation of 
the complexity of social systems in which adaptive management has to 
operate.     

 Th e literature on adaptive management (reviewed by McFadden 
et al.  2011 : 1354) shows that it falls apart in the two diff erent schools 
of thought mentioned above, a resilience-experimentalist school with 
emphasis on stakeholder involvement, resilience, and highly complex 
models, and a decision-theoretic school with relatively simple models 
through emphasising stakeholder involvement for identifying manage-
ment objectives. Th is shows another dilemma with the use of adaptive 
management. According to the authors, acknowledgement of the sim-
pler decision theory approach is growing, not that of the more complex 
experimentalist approach: the complex approach that is under continu-
ous improvement fi nds less practical acceptance. Th e review does not 
show possibilities of improving adaptive management further to deal 
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with the knowledge about interacting social and ecological systems. Th e 
main defi cits and problems of adaptive management (summarised in 
Table  6.1 ) are still to be solved. 

 Factors and examples of success in adaptive management are few, fac-
tors of failure many, as Table  6.1  shows. Adaptive management appears 
as an early ecological approach, based on limited and selective ecological 
knowledge, and insuffi  ciently elaborated as interdisciplinary and theoreti-
cal approach. Its design shows the intention to produce quickly applicable 
managerial rules and simple heuristics in situations where scientifi c knowl-
edge is insuffi  cient. A rapid and easy implementation of the approach 
did, however, not happen, and the newer improvements do not support 
a quick spreading. According to its epistemological characteristics, adap-
tive management is, as resilience, a reaction to environmental and natural 
resource use problems that cannot be dealt with by planning and tech-
nology. During the twentieth century, ecology advanced to the leading 
science producing knowledge to reduce or solve increasing environmental 
and resource use problems. As in other environmental research, the limits 
of knowledge and of inter- and transdisciplinary knowledge integration 
have been experienced. Adaptive management is an example for the lim-
ited possibilities of science to solve complex environmental problems. Th e 
search for possibilities to lift knowledge barriers where further empirical 
research is not helpful shows a new situation where policy experiments 
and variations of management rules advanced to principles of a heuristic 
approach to deal with ignorance. But if the limits of knowledge experi-
enced are still the ones of ecology as a specialised discipline with a limited 
repertoire of methods, and knowledge from other disciplines, other dis-
ciplinary perspectives and interdisciplinary knowledge synthesis could be 
considered as further possibilities and ways out of the cognitive crisis. 

 Th e emphasis on continuous learning and improvements of the 
approach, especially in the variant called active adaptive management 
that aims at the improvement of the learning process, give the impres-
sion of a fl exible and adaptable approach that has chances to develop into 
successful practices. In contrast to this impression, the conclusions by 
Allen and Gunderson ( 2011 ): 1383) give the impression of clear and fi nal 
limits of adaptive management: that it is impossible when stakehold-
ers have diff erent understandings of the approach, when the  managed 
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resources  continue to degrade while there is only discussion, and when 
no management experiments can be made. Th ese conditions are often 
and  temporarily given in environmental policy, as also for sustainable 
resource management, but such situations can change. As important as the 
diffi  culties met in the implementation practice seems the lacking refl ec-
tion of the scientifi c experts and proponents of adaptive management 
with regard to their own roles, knowledge practices, limits, and selective 
knowledge use when they design, discuss, and assess the approach. 

 Both reviews summarised in Table  6.1  support the impression of lim-
ited utility of adaptive management for wicked problems and overused 
natural resources; they show conditions under which the approach works, 
where the ecological context factors are rather well described. Th e authors 
diff erentiate between two types of factors causing failure of the approach:

 –    Factors resulting from a lack of conceptual clarity of the basic ideas  
 –   Factors referring to a lack of possibilities to apply and implement 

the approach which result from the institutional unwillingness and 
lack of interest of practitioners    

 Th e insuffi  cient theoretical refl ection of adaptive management that 
could be corrected with the help of several theories is not explicitly 
mentioned among the lack of conceptual clarity. It may become more 
important in the future development of adaptive management, when it 
is no longer seen as an ecological approach with few and limited ideas. 
Th e development of adaptive management can happen through adopt-
ing systematic knowledge about the complexity of resource management 
in coupled social and ecological systems and through interdisciplinary 
knowledge integration. Th e second group of factors referring to the con-
texts of application can include, as the fi rst group, knowledge about social 
and ecological factors that block the implementation. Ecological factors 
are refl ected better; social and institutional factors that block adaptive 
management are sometimes summarised in the simple reasons of insti-
tutional inertia and unwillingness of actors, but more factors infl uence 
the success (as Table  6.1  shows) and should be considered for improving 
adaptive management. 

 In spite of attempts of the authors cited to describe relevant social factors 
and conditions of adaptive management, it is obvious that a main weakness 
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of adaptive management is connected with the selective knowledge use 
of the — mainly ecological — authors. Social conditions are described to a 
limited degree, often in simplifi ed forms, in non- sociological terminology 
and a kind of everyday language. A detailed analysis of the structures and 
processes in social systems that infl uence or restrict management systems 
is widely missing. Social factors seen as relevant for success or failure or 
adaptive management are mainly economic conditions directly infl uencing 
management or such that describe institutional conditions of the man-
agement process. Th e wider social contexts of the political and economic 
systems are considered less. It seems that the specialisation and expertise 
of the scientists investigating adaptive management is responsible for the 
selectivity of knowledge used. Th e dominance of ecologists can help to 
explain to some degree the limited success of the approach. Adaptive man-
agement seems mainly limited through the impossibility to create suffi  -
cient knowledge through empirical research about ecosystems. Assuming 
that ecosystems are coupled with social systems, knowledge and analyses of 
social systems, their structures and dynamics that keep SES and resource 
use processes in the self-destructive processes of economic growth, maxi-
misation of yields, and overuse of the natural resource base at a global scale 
could also be considered as blocking adaptive management and similar 
attempts of resource management based on ecological knowledge. Such 
socio-economic constraints are not adequately addressed in the discus-
sion of the approach, and simplifi ed explanations as “institutional inertia” 
can also become inadequate and misleading when the institutional power 
relations are not misjudged or ignored. Th e approach is so far based on 
ecological knowledge and works with few management principles. What 
would be required more seems

 –    to improve the practices of joint learning, adaptation, and experi-
menting formulated in this approach (self-correcting mechanisms 
that are already discussed to some degree);  

 –   to improve interdisciplinary cooperation and joint learning for the 
further elaboration and refi nement of the approach with empirical 
and theoretical knowledge about system dynamics of SES in which 
adaptive management happens.    
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  Adaptive co-management  is a variant of adaptive management that 
does not add many new ideas to the approach. Plummer ( 2009 : 1) sum-
marised the debate with regard to conceptual models and infl uential 
 variables, confi rming that this debate is not advanced: most experience 
with adaptive co-management is from recent cases. Plummer’s defi ni-
tion of co-management is simple, implying the basic idea that rights and 
responsibilities should be shared among those with a claim to the environ-
ment or a natural resource. Th is is not specifi c for adaptive management. 
Plummer refers to the defi nition of Armitage that highlights conditions 
of change, uncertainty, and complexity. For Folke et  al. ( 2005 : 448), 
adaptive co-management includes fl exible community-based systems of 
resource management in approaches tailored for specifi c places and situ-
ations. Th ese systems work with various organisations at diff erent levels 
by way of learning and controlled change, in processes of testing and 
revising institutional arrangements and ecological knowledge in continu-
ous self-organised processes of learning by doing. Adaptive co-manage-
ment combines the learning components of adaptive management with 
that of collaboration and sharing of management power at various levels 
of decision- making, which is a step further in dealing with social fac-
tors in the implementation process. Th ere is not much more to fi nd out 
than that what the term says: adaptive co-management is a strengthen-
ing of principles of cooperation in adaptive management. Both variants 
are characterised by the search for controlled changes of resource man-
agement practices, and both can be assessed in similar ways: the main 
question becomes that of clarifying the limits of adaptive approaches in 
ecological and social, spatial and temporal perspectives. 

 In the reviews referred to above, adaptive management is not seen as an 
approach applicable in all situations where complexity and uncertainty 
prevail in natural resource management. Adaptive co-management shows 
similar limits; it aims at improved cooperation in managerial practices, 
but does not clarify the possibilities of inter- and transdisciplinarity, of 
diff erent forms of empirical and theoretical knowledge in the manage-
ment of SES.  Th e conditions of application specifi ed by Allen et  al. 
( 2011 ) restrict the application of the approach severely. Rist et al. ( 2013 : 
1) discuss this question further and critically, doubting whether many of 
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the assumed limitations found in the discussion are adequately assessed, 
arguing that uncertainty prevails in all natural resource management. 
Adaptive management helps in identifying and reducing critical uncer-
tainties in environmental management, but the conditions of  application 
of the approach are disputed. A review of the arguments for the appli-
cability of adaptive management that is only based on case studies can 
be criticised for ignoring important knowledge and context factors that 
infl uence the implementation processes. In the renewal of the ideas of 
adaptive management, it can turn out that there are no defi nite limits 
and the diffi  culties of application result rather from the specifi c views or 
the resources available to managers. Not all failures attributed to adaptive 
management are specifi c for this approach; failure can also result from 
the complex policy, social, and institutional environment that creates dif-
fi culties for all approaches in environmental policy. 

 Th e critical discussion of adaptive management and co-management 
in science and practice supports a broadening of the knowledge per-
spectives, but continues to argue in the tradition and within the limits 
of ecological knowledge from which the approach develops. Rist et al. 
see adaptive management as an ecological approach that has chances to 
become successful in resource management practices. Th e factors of fail-
ure are not seen as related to the management principles of the approach, 
but as external and independent factors in the social, political, and insti-
tutional environment of the approach. Th e framework constructed by 
the authors is thought to evaluate adaptive management and to clarify its 
applicability (Rist et al.  2013 : 6f ). In evaluating the implementation of 
the approach, there is a need to diff erentiate clearly between two causali-
ties, one where the approach was not appropriate to the specifi c manage-
ment goals and another where it was not feasible or unlikely to work 
given the wider management context (e.g. failure to improve manage-
ment outcomes by reducing ecological uncertainty). Th e approach with 
its experimental strategy can also be applied for large and complex areas 
and problems. By defi ning the number or type of uncertainties to be 
reduced, it can be found how to deal with them, for example, more com-
plex natural resource use problems can be managed by reducing the num-
ber of uncertainties targeted and by increasing the managerial resources 
for solving the problems. 
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 Th e discussion by Rist et al. seems determined through the felt neces-
sity to develop the approach further — or to renew it — because the 
authors see it as a rational, sound and scientifi cally backed approach. 
Th eir guiding ideas for renewing adaptive management are insuffi  cient 
for dealing with the social complexity of natural resource management, 
unrealistically narrowing down principles of a management approach, 
separating from it decisive context factors, selecting factors for analysis 
that are thought to make it successful. Th is is done by drawing artifi cial 
boundaries between the management approach and its external context, 
ignoring the discourse of “situationally specifi c management” of change 
(Baumöl 2008) and other management theories that helped to deal with 
context factors. Th ese theories learnt from various social-scientifi c dis-
ciplines, since the early research on administrative behaviour by Simon 
(1945), are that management is the “art” of dealing with factual and value 
premises and constraints of diff erent kind in decision-making that need 
to be considered simultaneously. Management theory cannot ignore facts 
and factors in the wider social, political, economic, and ecological con-
texts that aff ect the achievement of managerial goals positively or nega-
tively. Th e ascription of failure to external factors by Rist et al. seems a 
methodological trick with the — wanted or unwanted — consequence of 
ignoring knowledge about the contexts in the implementation of adap-
tive management.  

    Adaptive Governance: Theory-Guided Reformulation 

 Governance, a new term that emerged in recent years in the “grey zone” 
between science and policy, has been critically reviewed in the social sci-
ences. Governance seems a conceptual candidate for an “empty signi-
fi er” (Off e  2009 ), void of meaning and interpretable in many diff erent 
ways. In spite of the controversial scientifi c discussion, governance has 
quickly made its way into disciplinary and interdisciplinary fi elds of 
applied research in the policy and management sciences. Also the ecolog-
ical authors in resilience research and adaptive management have taken 
up the term to update their terminology. Th e expectations connected 
with the new term are unclear, varying, and so does its interpretation. 
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In the discourse of adaptive management, the new term governance was 
understood in a simple way, bypassing a diffi  cult theoretical clarifi ca-
tion. Th is gives an example of the knowledge strategy already critically 
assessed above: of simplifying the adoption of social-scientifi c terms, 
defi ning them in ways that fi t in the prior adaptive management debate, 
and ignoring further and theoretical knowledge from the social sciences. 
Application of the governance terminology helped address some neglected 
social context factors of adaptive management, as explicitly formulated 
by Folke et al. Th is can be seen as the cognitive gain with a new concept: 
to address questions of participatory and cooperative resource manage-
ment and broadening the scope of collective action. Folke et al. restricted 
the accounting for social factors to help deal with ecosystem complexity: 
creating conditions for ordered rule, collective action, and institutions of 
social coordination. Th is is done with the broadening of the management 
perspectives in the terminology of adaptive co-management and adaptive 
governance. Th e few arguments which Folke et al. develop for this pur-
pose are characterised by a parallelising of the ideas for managing social 
and ecological components of SES, as the following description shows. 

 Adapting and managing change are components of resilience of SES that 
require from the actors the capacity to reorganise the systems to maintain 
desired states in response to changing ecological conditions and disturbances. 
Approaches as adaptive management, more fl exible and with more criteria 
than optimal use and control of resources, have been developed to deal with 
ecosystem complexity. Some authors used the concept of adaptive gover-
nance to broaden adaptive management, including the wider social contexts 
supporting ecosystem-based management. Governance in that sense means 
creating conditions for ordered rule and collective action and for institutions 
of social coordination in eff orts to make collective decisions and to share 
power. Adaptive ecosystem- based approaches include activities of

 –    governance for resolving trade-off s and providing a vision and direc-
tion for sustainability;  

 –   management as the operationalisation of this vision;  
 –   monitoring, providing feedback, and synthesising the observations 

to a narrative of the situation and its potential future unfolding 
(Folke et al.  2005 : 444).    
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 Reconstructing the concept of adaptive governance in this ecological 
perspective continues with the shortcomings and selectivity of an eco-
logical reductionism where social system components and knowledge 
from social-scientifi c research are fi ltered in a naturalistic perspective. In 
ecological research, the knowledge generated is reduced to managerially 
applicable knowledge and governance as the form of action to gener-
ate adaptation and change of SES. Th e management perspective is only 
broadened to a limited degree with the governance term: to catch the 
social factors and processes required for a better functioning of ecosys-
tem management. To make this perspective of adaptive governance more 
coherent, the authors of the resilience alliance, including Folke, “ontol-
ogised” the view that social and ecological systems are always coupled 
and cannot be separated. Th at implies a statement of the dominance of 
ecological over social processes without having investigated further the 
social-scientifi c knowledge about the forms of coupling between social 
and ecosystems and their relevance for the management of ecosystem 
processes. In this limited interdisciplinary perspective of resource man-
agement, theory-guided analyses of nature-society interaction are not 
considered as relevant. It seems necessary to elaborate the governance 
concept further by connecting it to the social-scientifi c research on envi-
ronmental governance and formulating its theoretical implications in 
terms of an interdisciplinary theory of nature–society interaction. 

 Adaptive governance is sometimes only used as another name for adap-
tive management, but the choice of the concept of governance indicates 
more systematic and more critical refl ection of the ideas unfolding with 
adaptive management. Th e governance term may help to overcome some 
of the limits of the management concept, which was already criticised by 
Ludwig with the basic ideas of adaptive management as “management for 
the time when management is over”. Furthermore, in the adaptive gov-
ernance debate, the perspective is broadened to show its connections to 
analyses of resilience and sustainability and to develop a more systematic 
analysis of SES as the context of adaptive management. Ideas and results 
from Ostrom’s late social-ecological research become eff ective. Folke et al. 
( 2005 : 44) consider these ideas in their concept of adaptive governance. 
Th is seems to show the progress towards an interdisciplinary approach 
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for the analysis of SES in this managerial-, policy-, and practice-oriented 
perspective. 

 Adaptive governance in an ecosystem-based management perspective 
involves polycentric institutional arrangements of nested decision- making 
units operating at local and higher organisational and spatial levels. In 
this governance perspective, the aim is to fi nd a balance between decen-
tralised and centralised control through multi-scale governance. Th e ver-
tical connections of local, regional, national, and global institutions can 
strengthen adaptive governance in creating a larger diversity of response 
options to deal with uncertainty and match local and global governance. 
But adaptation can also be blocked when, for instance, national land- 
use regulations contradict or undermine informal local systems of land 
tenure and limit the possibilities of practitioners to collaborate in interor-
ganisational networks. Th e advantage of polycentric arrangements is, by 
the authors, only seen in responding to ecosystem dynamics at diff erent 
scales, as scale matching or “institutional fi t” appropriate to the ecological 
systems without asking how far ecological adaptations support improved 
functioning of social systems. In this management perspective, the pos-
sibilities of developing adaptive governance in a theoretically informed 
social-ecological perspective are not yet adopted. Th e four components of 
adaptive governance of complex SES from Folke et al. include

 –    developing knowledge of ecosystem dynamics;  
 –   applying ecological knowledge for adaptive management practices;  
 –   fl exible institutions and multi-level governance;  
 –   dealing with external perturbations and uncertainty.    

 All these principles are formulated as such by developing ecological 
knowledge and managing ecosystem dynamics:

 –    Ecological knowledge of ecosystem processes and functions 
strengthens resilience, whereas knowledge about social systems is 
important only to better manage ecosystem dynamics.  

 –   Ecological knowledge in adaptive management practices supports 
continuous testing, monitoring, and evaluation, thus enhancing 
adaptive responses in managing complex systems; also for that pur-
pose social capacities of learning and leadership and changes of 
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social norms in management organisations are only valuable insofar 
they allow for better responses to ecosystem dynamics.  

 –   Adaptive co-management is a further step towards changing social 
institutions, developing fl exible institutions, multi-level  governance, 
and multi-scale linkages of management; the purpose of cross-level 
interactions in social networks is to generate and transfer knowl-
edge and develop social capital and support for ecosystem 
management.  

 –   Multi-level governance systems require the capacity to deal with 
disturbance in many forms, with climate change, diseases, hurri-
canes, global market demands, subsidies, and governmental poli-
cies; resilient SES may even use disturbance as opportunity to 
transform into more desired states.    

 Th e main critical argument to support adaptive governance — beyond 
the limits of ecosystem-based management — seems to break the domi-
nance of economic maximisation strategies in natural resource man-
agement. Th is remains a weak component of the governance approach 
insofar as it is not supported by stronger arguments for transformation 
of societal systems, derived from social-scientifi c knowledge and social- 
ecological theory. For adaptive governance, the postulates for building 
adaptive capacity and resilience and responding to ecological system 
dynamics could be reformulated to strengthen the ecological perspective 
of resource management in coherence with principles of sustainability. 
Th e imperatives of adaptation, resilience, and disaster management are 
rather undermining than supporting social-ecological transformations of 
societal systems. 

 Th e critique of weaknesses and selective knowledge use in the formula-
tion of adaptive management and governance directs to the search of alter-
natives for improving these strategies, in line with long-term perspectives 
of transformation to sustainability and sustainable resource management. 
Th e social conditions under which adaptive management needs to be 
applied can be formulated more systematically with the social-ecological 
theory as creating conditions for changes of modes of production and soci-
etal metabolism. It seems unrealistic to expect such knowledge improve-
ments from the procedures that make the core of adaptive management 
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and governance: that of policy experiments and joint learning through 
collaboration of resource users for purposes of dealing with uncertainties, 
management dilemmas, resource use confl icts, building experience-based 
knowledge bridges into the future. Necessary as these procedures are to 
become aware of the limits of scientifi c knowledge, they cannot replace 
the use of further theoretical and social-scientifi c knowledge and more 
critical analyses of the “systemic contexts” of natural resource manage-
ment in modern society. Conditions of adaptation, institutional contexts, 
participatory approaches, multi-scale management, and sharing of power 
and responsibilities require further social-scientifi c and interdisciplinary 
knowledge and knowledge synthesis.  Th e following arguments from the 
broader discourse of adaptive management support theoretical syntheses and 
improvements of resource management through adaptive governance: 

    1.     Conditions of adaptation in adaptive governance:  Adaptation of SES 
requires institutions that need to endure throughout processes of 
adjustment and change, coping simultaneously with changes in eco-
systems and social systems. Asking for possibilities to improve envi-
ronmental governance, combinations of traditional market-, state-, or 
civil society-based strategies have been discussed. Berkes concludes 
that neither purely local-level management nor purely higher-level 
management works well, but lower-level management and community- 
based self-organisation tend to support sustainable resource manage-
ment more eff ectively. Th ese local approaches combine knowledge 
improvements and the normative message from resilience research 
that shared rights and responsibility for resource management and 
decentralisation are best suited to achieve resilience (Nelson et  al. 
 2007 : 9). It should be added that the local approaches support — with 
their success — also breakthroughs in transitions towards sustainable 
resource management at higher levels, in networked, nested, and inte-
grated multi-scale approaches.   

   2.     Th e institutional context of adaptive management : Administrative and 
governmental institutions change incrementally, in small changes of 
policies. Independent from the availability of scientifi c knowledge, 
there is no practically available knowledge to make large organisa-
tional changes, and standard operating procedures contribute to 
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organisational inertia, slowing the bureaucratic processes of manage-
ment (Allen et al.  2011 : 1343). It should be added that the interaction 
of knowledge and power that are intertwined in this argument need to 
be more clearly reconstructed. Th e analysis needs to show the 
 possibilities of changes achieved through organisational development 
and changes that require further policy reforms, governance, and 
transformation of national economic systems and their accumulation 
regimes.   

   3.     Management of scale and rescaling:  Institutions matched to several 
scales of managing natural resources and ecosystems are ever more 
important for adaptive governance that helps to match diff erent scales 
of management through the collaboration of stakeholders (including 
formal institutions, informal groups and networks, and individuals). 
To support this extension bridging organisations, enabling legislation 
and government policies that allow for the creation of long-term per-
spectives and visions in resource management can be useful (Allen 
et al.  2011 ). It should be added: the long-term perspectives and visions 
have two purposes that tend to be undervalued in the adaptive gover-
nance discourse. At fi rst, institutions need to be created that can break 
the monopolistic rule of economic growth with the principle of maxi-
misation of yields that turned out to be disastrous for the environ-
ment, causing a large part of the environmental problems to be dealt 
with today. Th ereafter, institutions need to be created that can support 
the continued transformation of resource use systems towards sustain-
ability — for that purpose, multi-scale governance is only a fi rst step, 
not the complete change required.   

   4.     Multifunctionality of sharing of management power and responsibilities:  
Adaptive governance and its collaborative and participatory practices 
require further processes of creating change and transformation 
(beyond leadership, legislation, and funding). Th ese change-creating 
processes include the institutionalised procedures of public policy and 
management; the monitoring of ecological systems; information fl ow 
to build cross-scale linkages of concerted action; utilisation of a variety 
of sources and forms of knowledge; and venues or platforms for col-
laboration. All these procedures and processes are building resilience 
and sustainability in SES, reducing failures of management decisions 
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under uncertainty and with imperfect information. Furthermore, 
adaptive governance is dependent on social networks with the capacity 
for innovation, communication, and fl exibility to mediate the interac-
tion of dynamic ecological systems and rigid institutions or social sys-
tems as the globalising economy and governmental policies. Social 
networks can generate political, fi nancial, and legal support for new 
forms of environmental management, but depend upon collaboration, 
joint learning, leadership and leaders for environmental management 
with the capacities of integrating local and other forms of knowledge 
from diff erent sources (Allen et al.  2011 : 1343). It should be added: 
multifunctional institutions and power sharing need to be based on 
theoretical systems analyses to identify the blocking factors, the require-
ments, and the possible paths of transformation to sustainability.   

   5.     Supplementary perspectives of adaptive governance:  From a review of the 
literature on adaptive governance, network management, and institu-
tional analysis, some blocking factors of adaptive governance can be 
identifi ed. Th ese factors include the inability of practitioners and poli-
cymakers and cooperating actors to cope with complexity and various 
uncertainties. Furthermore, the objectives that can be achieved 
through governance should be reviewed more critically. Th is requires 
a clarifi cation of the contextual conditions of resource use systems in 
which governance operates. Th e uncertainty that can be dealt with 
and the eff ectiveness of diff erent governance strategies should be com-
pared and assessed. Th e concept of fi t-for-purpose governance can be 
used to analyse the eff ectiveness of governance structures and pro-
cesses at a certain point in time. Adaptive governance focuses on 
responses to potential change, whereas fi t-for-purpose governance 
considers future functions that the SES have to fulfi l — thus providing 
possibilities to evaluate the eff ectiveness of governance arrangements 
and to predict the likelihood of success of institutional change (Rijke 
et al.  2012 : 73). It should be added that more than predicting success 
of adaptions to meet future challenges of sustainability, adaptive gov-
ernance requires awareness of the non-managed and not manageable 
forms of social-ecological change and transformation to counteract 
the illusion that societal transformation can be achieved through pol-
icy and governance only.    
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  With all the weaknesses and selectivity of adaptive management 
thinking formulated in the critical reviews, this approach has coherent 
principles and shows consequent eff orts to improve its eff ectiveness and 
applicability as an ecological approach. With the reframing in terms of 
adaptive governance, the coherence and continuity can be seen in

 –    anchoring the approach in ecosystem analysis;  
 –   dealing with uncertainty and surprise;  
 –   specifying the cooperative nature of the management process;  
 –   requirements of change of rules in the political and institutional 

context of resource management;  
 –   showing new capacities required from resource managers and 

decision- makers to cope with complexity and uncertainty.    

 From these points, the questions can be taken up that direct further 
discussion of adaptive approaches in the theoretical debate of the regula-
tion of interfaces of society and nature. All fi ve critical arguments found in 
the discourse of adaptive governance need to be connected with systems 
analyses of SES that show the constraints of transformation management. 

 Questions to deal with include the following:

 –    How are the knowledge transfer and the cooperation of scientists 
and practitioners with diff erent forms of knowledge developed in 
the context of resource management?  

 –   How are the practices of knowledge use in resource management 
improved methodologically?  

 –   How is theoretical knowledge about society and nature in resource 
management used?    

 Deriving principles of knowledge use directly from ecosystem 
research, in the ecological discourse already done before adaptive gov-
ernance, appears as insuffi  cient in a social-ecological perspective of 
SES-governance. It should be refl ected as to how it is possible to fol-
low “nature’s lead” without naturalistic fallacies in the sense of deriving 
that what ought to be (with ethical principles that confi rm that nature is 
good) from statements about that what is. 

 To shift the limits of adaptive management and governance requires the 
discussion of multi-scale environmental governance by asking whether 
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new models for natural resource management replacing present mod-
els need to be sought, or complementary models added to conventional 
management practices. Adaptive governance is thought primarily for 
environmental and natural resource management and should be devel-
oped with this perspective, not as a new and generally applicable manage-
ment approach. Th e discussion of the governance concept in the context 
of environmental governance is useful for the further development of 
adaptive governance: for both concepts, the conditions of interdisciplin-
ary broadening and use of social-scientifi c knowledge should be clarifi ed.   

    Environmental Governance: Problems of Multi- 
Scale Governance 

 Governance is discussed at fi rst in a general way, in the perspective of 
political science to specify its scientifi c meanings. Th ereafter, the vari-
ants of environmental governance are discussed to specify a perspective of 
social-ecological regulation of nature–society interaction. 

 Th e debates on environmental governance are broad and include man-
ifold ideas and approaches from various disciplines. Although most forms 
of environmental governance refer to sustainability as the guiding idea or 
goal of all environmental action and governance, the connection of the 
two terms is not necessary. Sustainability is in the policy-related discourse 
reduced to the normative goal of political action. Usually, this goal is 
referred to in the international policy discourse as a problem of policy 
integration, taking into account simultaneously the social, economic, 
and environmental dimension of sustainable development in integrated 
forms of decision-making, in public policy, and in private-sector organ-
isations (Kanie and Haas  2004 : 1). Reduced to a question of political 
action and policy integration, the term sustainability does hardly show 
connections to the interdisciplinary debate of sustainability as societal 
transformation discussed here. An interdisciplinary and social-ecological 
debate seems, moreover, necessary in a situation where sustainability is 
more critically discussed in the search for alternative concepts that can 
replace it (see Chap.   4    ). 
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 Th e development of forms and mechanisms of environmental gover-
nance at various policy levels and in various countries is not reviewed 
here. Th is is the work of political science and empirical research that 
can be followed in specialised policy research (Kanie and Haas  2004 ; 
Newig and Fritsch  2009 , Biermann 2011; empirical research and reviews: 
Biermann and Pattberg  2012 ; Hogl et  al.  2012 ; Martin et  al.  2012 ; 
Wurzel et al.  2013 ). In exemplary form, Tacconi ( 2011 : 234) describes 
the requirements of developing environmental governance research: the 
limited interdisciplinarity in relevant subjects as ecological economics, 
political ecology, sustainability science, and Earth system governance; 
the postulate to develop transdisciplinary approaches; the necessity to 
integrate economic, political, social, and environmental aspects in gover-
nance research; and the lack of an encompassing theory and the improb-
ability that such a theory develops. Th is broadening of the perspectives of 
environmental governance shows the growing infl uence of interdisciplin-
ary thinking in environmental research and in the management sciences. 
Environmental governance appears as part of various governance forms, 
interwoven with the debates about transition management — transitions 
to sustainability and social-ecological transformation at various levels of 
society. 

 Th e concepts of adaptive and environmental management or gov-
ernance require beyond defi nitions of management principles further 
refl ections of their forms of knowledge application and practice. Th is is, 
as the review above showed, easier for adaptive governance that is more 
coherently applied in ecological debates, whereas environmental gover-
nance falls apart in heterogeneous interpretations and approaches. Two 
criteria are used to limit the discussion of environmental governance and 
to connect it to social-ecological theory:

 –    To follow the use the governance term in social-scientifi c research 
(which is often not oriented to environmental themes)  

 –   To specify the governance term through additional descriptors of 
environmental governance (in specifi c approaches of local or global 
environmental governance, climate change governance, or biodiver-
sity governance)    
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  Th e discussion of governance in political science brought the following 
results:  

 Governance research includes many specialised themes and fi elds, 
without common theories, frameworks, and results. To clarify the use 
of the amorphous term Off e ( 2009 : 552 f ) suggests that the following 
social spheres should be excluded from it: (a) the sphere of private and 
civil society of citizen where coordination happens in spontaneous forms, 
(b) the sphere of market transactions, and (c) the state and governmental 
institutions for which the concept of government should be retained. Th e 
remaining phenomena to be described as governance are still broad, but 
can be specifi ed further as

 –     regulation of publicly relevant issues through non-state actors  (corpora-
tions, employer associations, labour unions, chambers of com-
merce, churches, mass media, and others), and  

 –    cooperation of governmental and private actors in the implementation 
of state policy : co-optation of private actors may increase effi  ciency 
and eff ectiveness of policies through coordination of responsibili-
ties. Th is cooperation implies the forms of participation and coor-
dination under which large parts of environmental governance, 
including adaptive management and governance, can be 
subsumed.    

 Co-optation is a multifaceted phenomenon, including informal coop-
eration that may not only result in intended improvements of effi  ciency 
and eff ectiveness of policies; it can create dependencies that are diffi  cult 
to separate from lobbyism and clientelism. From these specifi cations 
of social-scientifi c meanings follows: governance develops in spheres of 
action where governments cannot act or their action is ineffi  cient. Th at 
is the main problem addressed with the term, diff ering from that which 
has been discussed above as the limits of management in the forms of 
ecosystem- based management.  Global governance  is a paradigmatic exam-
ple described by Weiss and Th akur as

 –    the formal and informal institutions, mechanisms, relationships, 
and processes between and among states, markets, citizens, and 
inter- and non-governmental organisations;  
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 –   through which interests at the global level are articulated, rights and 
responsibilities ascribed, and diff erences of interests are mediated 
(Off e  2009 : 553).    

 Th e general meaning of the term is in the political and managerial 
practices of its application watered down through diff use normative con-
notations that appear under the valuing notion of good governance. 

 Although not specifi ed for environmental policy and natural resource 
management, the clarifi cation of governance by Off e seems useful for 
the discussion of environmental governance. His analysis of governance 
in the context of political science brings governance back to its origins 
in spheres of public policy and action where hierarchy and control-based 
forms of governmental action do not work and broader forms of public 
and political are required. Th is includes action within and between coun-
tries and collective action for the common interest of citizens or in the 
public interest. To understand governance as a more general and abstract 
phenomenon than governmental action is the popular interpretation 
that ignores the historical situation and modern world order where the 
term emerged. Governance develops in specifi c forms of broadening the 
organisational form of policy processes beyond states and their political 
authority. Yet, governance is not a new form of organisation of public 
action that shows a future order independent from states. It implies dif-
ferent ephemeral and residual forms of action that can be understood as 
related to and complementing governmental action. 

 In the context of a social-ecological theory of nature and society, envi-
ronmental governance is no more than a specifi c form of public political 
action dependent on states; environmental governance is not explainable 
without referring to the governmental action to which it is connected, 
and governmental action is the dominant form that will not vanish. 
 Governmental environmental policies  and e nvironmental governance do not 
show new forms of social agency that could make transformation of societal 
systems as demanded in the sustainability discourse more easy or abbreviate 
them. Th ey are only developing into more complex forms of collective action 
that can take up more knowledge, and deal with more complex problems as 
the climate changes. For that purpose, they need to take up knowledge from 
system analyses of society, economy, and interacting SES.  Governance has 
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no greater explanatory function than to understand how public policies 
broaden, especially as multi-scale governance. Governmental action and 
governance are subordinate functions in the societal processes of socio- 
economic reproduction and in the social metabolism of modern society. 
Also for the societal transformation to sustainability, governance is not 
the only form of action and change. Th e relevant capacity of governance 
is that of power-dependent coordination of collective action in manifold 
forms, necessary in societal transformation towards sustainability, but not 
providing all capacity and knowledge required for that. 

  Th e discourse of environmental governance includes various components: 

    1.    Th e publications of Kanie and Haas ( 2004 ) and Kanie et al. ( 2014 ) 
show the infl uence of ideas of multi-scale environmental governance. 
Improvements of institutional structures and processes in manage-
ment are sought with ideas of network management and best prac-
tices. Governance defi cits and problems managing environmental 
problems internationally and in the perspective of sustainable devel-
opment guide the refl ections towards policy reforms and alternatives 
of global governance similar to ideas articulated by Ostrom and in 
broader debates of civil society action: network-based management, 
inclusion of new actors and stakeholders, and multiple and overlap-
ping functions of management. Th e discussion of the necessity and 
role of a global environmental organisation remains controversial.   

   2.    Like the research on adaptive governance, that on environmental gov-
ernance is insuffi  cient to formulate the knowledge components of an 
interdisciplinary theory of nature and society. Th is conclusion is sup-
ported by an early review of environmental governance research since 
the second half of the twentieth century by Davidson and Frickel 
(2004). Th e governance research is structured in methodological terms 
and fragmented along substantive or topical lines. Methodologically, 
the research on environmental states is based on case studies in specifi c 
nation states, especially industrialised states in North America and 
Western Europe. Th e insights from these case studies are of limited 
utility in other contexts, neglecting diff erences in environmental poli-
cies. Th e preponderance of cases representing a few economically and 
politically powerful states does not allow for generalisation. Broadening 
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the knowledge base analyses of developing and newly industrialising 
countries is required. Such analyses provide a better understanding of 
the potentials of global environmental governance. Th e conditions for 
continued dependence of the countries in the Global South on extrac-
tive industries and their dependence on international institutions for 
fi nancial support need to be analysed. Furthermore, levels of democra-
tisation, variation in institutional capacity, and presence of alternative 
ideological conceptions of the society–nature relationship are impor-
tant variables for the reconstruction of capacities for environmental 
governance. Research and cross-national comparisons of various polit-
ical, cultural, and economic contexts can enhance theory building for 
global governance (Scott and Frickel  2004 : 485). 

 According to the review of Scott and Frickel and other reviews dis-
cussed above, the theoretical refl ection of governance studies ends 
before problems and question of a theory of society or nature–society 
interaction are taken up. Such a theory would require a connection of 
governance analyses with that of the complex system-maintaining 
structures and processes in societal systems of SES and investigation of 
the possibilities of transformation of these systems. Adaptive manage-
ment and environmental governance have only limited signifi cance 
for these theoretical components of social-ecological theory; they are 
more relevant for the knowledge transfer and application of the theory 
in policies and practices of environmental policies and natural resource 
management.   

   3.     Various frameworks for analyses of local and global environmental gover-
nance  are described by several authors as multi-scale governance (Görg 
and Rauschmayer  2009 ), global governance (Biermann  2011 ), and 
adaptive governance (Williams  2011 ). Th ese frameworks specify the 
salient meanings of environmental governance in theoretical terms. Each 
framework exemplifi es a dilemma of environmental governance that 
requires the reconstruction of the governance term in theory- guided per-
spectives: the diffi  culties of rescaling environmental governance as multi-
scale governance, of matching and integration in global governance, and 
of dealing with ignorance in managing ecosystem dynamics.   

   4.     A green economy is a dominant neoliberal form of policy in the discourse 
of global environmental governance.  In the global policy process after 
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the Rio conference in 1992, three variants of bio-economy, green 
economy and eco-economy developed (see Chap.   4    ) varying between 
incompatible approaches of neoliberal globalisation and a great 
 transformation towards global sustainability. Th e fi rst two forms build 
on institutional reform within the established power structures; the 
third one is more critical, but lacks the theoretical perspective of trans-
formation of the global economy. All three forms are, in spite of their 
diff erences, part of the practices of environmental governance sup-
ported by the United Nations Environmental Programme with the 
expectation of improved human well‐being and social equity, of sig-
nifi cant reduction of environmental risks and ecological scarcities 
through a low-carbon and resource-effi  cient economy (Never  2013 : 
4f ). Th e debate of another great transformation to sustainability 
begins in the social-ecological and related discourses and is better con-
nected to critical theories of modern society that show the limits of 
policy reforms.   

   5.     Mechanisms of “greening the economy” and transforming the national 
economies focus on the notion of “green power”  to create a potential for 
transforming established political and economic power structures 
towards multi-actor, multi-level, and global environmental gover-
nance. Never ( 2013 ) assumes that countries with the capacity to 
develop green power will be those who manage and shape change by 
combining ideas of sustainability, innovation capacities, and trans-
forming power structures in a competitive process. Th is concept of 
green power is not theoretically rooted; it shows in the version of 
Never and her illustration for climate change and clean technology the 
weak theoretical and analytical capacity of the governance concept 
applied in the policy discourse of sustainable development. System 
transformation is reduced to policy processes that can be managed by 
governments and cooperating actors.    

   Th e debate of environmental governance shows similarities with the situ-
ation in other fi elds of the environmental discourse  that are discussed in 
this book, in various chapters: the discourses about sustainable devel-
opment, about climate change adaptation, and about transformation of 
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the industrial energy systems to more environmentally sound energy use. 
In the more theoretical and in the more practical discourses, a plurality 
of diff ering and competing approaches and interpretations needs to be 
dealt with, in research and in the policy discourses about social-ecologi-
cal  transformation. In further research on environmental governance, it 
seems necessary to separate the analytical components of governance stud-
ies from diff use normative notions of governance which are widespread 
in the ecological discourse. A prominent example is that of International 
Union for Conservation of Nature (IUCN 2014) where multi-level envi-
ronmental governance appears in formal and informal interactions of 
state, market, civil society, and further institutions. Th e purpose of such 
concerted action is to formulate and implement policies in response to 
environment-related demands and inputs from the society. Th is process 
should be guided by widely accepted rules, procedures, processes, and 
behaviour, showing the characteristics of good governance and support-
ing the achievement of environmentally sustainable development. Such 
“wishing list” forms of defi ning environmental governance correspond to 
similar normative principles in defi ning sustainable development as only 
ethically refl ected approaches (Chen  2012 ) that ignore the analyses of 
social and ecological systems. More than directly seeking explanations of 
societal transformation to sustainability through new or improved forms 
of governance, it seems promising

 –    to develop in social-ecological theory of nature and society a step-
wise improved concept of governance through comparison and 
classifi cation of the variants and forms of governance in diff erent 
countries and cultures;  

 –   to connect the debate of global environmental governance with that 
of sustainability;  

 –   to develop further concepts to describe the complex processes of 
societal and systems transformation with a variety of action- and 
agency-related concepts.    

 With such theoretical concepts and their combination, it becomes pos-
sible to shift the limits of governance and to deal with non-manageable 
change of social and ecological systems:
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    1.     From the various concepts and approaches to governance, the following 
examples seem relevant as conceptual elements for the analysis of environ-
mental governance in theoretical perspectives: 

 –     Multi-scale governance  (Görg and Rauschmayer  2009 ) and multi- 
actor governance can help to analyse horizontal and vertical 
cooperation and to improve concerted action in global policies.  

 –    Global governance  tends to become a theoretical term to guide 
the integration of knowledge about international policies and 
earth system governance, as described by Biermann ( 2011 ). 
Critical reviews of global governance studies as that of Hakovirta 
et al. ( 2002 ) brought insights on types of rationality of global 
policy processes, but not on the connections between policy pro-
cesses and transformations of SES.  

 –    Adaptive governance  is one of the few theoretical concepts to for-
mulate policies from an ecological knowledge base, for decision- 
making and policies in situations of uncertainty and lack of 
knowledge for management action, using knowledge from the 
monitoring of policy experiments and from iterative learning of 
the actors (Williams  2011 : 1348). Adaptive governance con-
nects the ecological research and debates of vulnerability, resil-
ience, and sustainability to the environmental governance 
debate.    

 Further theoretical refl ection of environmental governance should be 
part of epistemologically and methodologically guided forms of knowl-
edge synthesis. Comparison and combination of further concepts or 
typologies of governance, as that of Leach et al. ( 2007 : 32), diff erenti-
ating adaptive, dynamic, and deliberative governance, seem of limited 
value for a social-ecological theory; they show thin and formal descrip-
tions of governance processes that can be relevant in empirical research.   

   2.     With regard to the transformation of societal or social and ecological sys-
tems, governance requires connections to further, system-maintaining pro-
cesses.  Th ese processes include reproduction, maintenance of stability, 
boundary maintenance of social and ecological systems, and growth 
processes — all important to fi nd possibilities of infl uencing, changing, 
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and transforming complex SES.  For social-ecological research, the 
building of knowledge bridges from theory to practice includes the 
development of  the concept of social-ecological regulation that broadens 
the environmental governance debate by connecting it to a theory of nature 
and society and supporting knowledge transfer from this theory.  Th is is 
not self-evident, rather an exceptional form of ecological research. 
Th eories are, conventionally seen, not constructed for enabling knowl-
edge transfer and practical application of scientifi c knowledge, but for 
guiding, systematising, and explaining scientifi c knowledge produc-
tion. To illustrate the diff erence between theories of environmental 
governance and social-ecological theory, the analysis of regulation in 
social ecology can be used. Social-ecological analysis of regulation of 
nature–society interaction shows that frameworks of adaptive gover-
nance and environmental governance cannot be directly connected to 
the broader social-ecological theory. Th ese frameworks need to be 
reformulated in other terms by taking into account the diff erences 
between regulation as managed processes of resource use and self- 
regulation of ecosystems. Self-regulation is, in another perspective and 
independent from the management and governance debate, discussed 
in the analysis of ecosystem services. How social-ecological analyses of 
regulation processes diff er from the policy-centred studies of adaptive 
governance and other forms of environmental governance can be 
shown in the discussions about the development of interdisciplinary 
social-ecological research in Germany and Austria.     

 Th e methodological and theoretical considerations to conceptual-
ise social-ecological regulations can be summarised as follows, follow-
ing the analysis by Hummel and Kluge ( 2004 : 45ff ; further discussion: 
Brunnengräber et al.  2008 ; Brunnengräber  2009 ):

 –    Social-ecological analysis of regulation needs to connect regulation 
to a theoretically refl ected conceptualisation of SES where societal, 
natural, and technical components are analysed in their 
interactions.  

 –   To deal with the intersystemic interaction processes requires, meth-
odologically seen, several steps of analysis: system analyses of social 
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and ecological systems, causal analyses of the interrelations in the 
networks of intersystemic processes (fl ows of information, energy, 
matter), and analysis of regulation processes. Such combined 
 analyses can adopt a theoretical concept of regulation for the recon-
struction of the complexity of interaction processes — for example, 
in a cybernetic model with positive and negative feedback loops and 
feedbacks between governance processes and self-regulation of 
ecosystems.  

 –   Finally, a regulatory type for specifi c SES and interaction processes 
needs to be chosen: this requires knowledge about the specifi c sys-
tem qualities of social and ecological system components and 
knowledge about the specifi c forms of coupling. At this level of 
analysis, it can be decided whether simpler types (e.g. hierarchical 
or linear), or more complex types of regulation (e.g. second-order 
cybernetics, negative feedback ,and mechanisms to prevent collapse 
of the system) are required for a specifi c resource use problem.    

 Th e social-ecological regulation as “regulation of regulations” in the 
sense of second-order cybernetics implies a further broadening of regula-
tion processes beyond the scope of policies. Th e methodology is connected 
to the analyses of SES and the theory of nature and society that develops in 
social ecology. Th e theoretical methodology of regulation analysis implies 
the specifi cation of the social forms of regulation of societal processes and 
of processes of interaction between nature and society — for example, as 
political, legal, economic, cultural regulation, and connections of these 
human forms of regulation and the self-regulation of ecosystems. For all 
forms of regulation, the knowledge components of scientifi c and other 
knowledge need to be specifi ed. Th is form of cybernetic analysis of social- 
ecological regulation types for improving environmental agency requires 
further theoretical refl ection of the concepts of self-regulation and context 
regulation, developed in the social-scientifi c discussion of the theory of 
autopoietic systems. Furthermore, according to the ideas of a critical the-
ory of society to which the social-ecological discourse connects, the forms 
of social-ecological regulation cannot be applied in the political practice of 
governance with some simple criteria and rules as suggested in the debate 
of adaptive management. Social-ecological regulation implies knowledge 
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from systems analyses, whereas adaptive management tries to get rid of the 
complications of using and transferring scientifi c knowledge into manage-
rial action with the suggestion to train decision-makers, resource manag-
ers, and politicians in the use of ecological knowledge. In diff erence to 
such shortcut ideas of knowledge transfer from science to practice,  social-
ecological regulation requires the formulation of specifi c forms of knowledge 
transfer (including knowledge sharing, collective learning, and learning to 
change learning principles) to anchor the regulation processes in society and in 
diff erent contexts of social action . Th ese contexts include the social systems 
involved in natural resource use, the lifeworld contexts of social actors 
involved, and the diff erent fi elds of collective action, political, and other 
ones that enable transformative agency. Such agency as the capacity to 
transform the systemic structures of complex systems as the modern soci-
ety and the economic world system through multi-scale regulation is not 
possible without theoretical knowledge about the functioning and inter-
action of social and ecological systems. A part of the transformation of 
societal systems happens with managerial and regulatory approaches, but 
the whole process of adaptation and transformation is more complicated, 
and requires the conceptualisation of these processes in theoretical terms, 
as discussed in the following chapter for the adaptation to climate change.  

    Conclusions: Environmental Governance 
and Social-Ecological Regulation 

 In this chapter, the interconnecting ideas and approaches of adaptive 
management and environmental governance were discussed with regard 
to empirical research and reviews of these approaches. It is not necessary 
for the purposes of developing an interdisciplinary social-ecological the-
ory and the integration of these approaches in that theory, to give a more 
detailed, country- or case-study-based account of the practices, successes, 
and failures of adaptive management and environmental governance. Th e 
reviews summarise the state of the debates suffi  ciently and provide more 
systematic arguments than a patchwork of case studies, supporting the 
following conclusions:
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    1.     With the ideas of adaptive management and environmental governance, 
earlier principles of environmental research and resource management are 
abandoned.  Th ese principles to abandon include that 

 –     of economic maximisation of yields;  
 –   of research guided by single theories that should be verifi ed or 

falsifi ed through empirical research;  
 –   of working with linear models and single causes, with theoreti-

cally derived hypotheses, with quantitative data and with exact 
knowledge;  

 –   of knowledge transfer for resource use planning as the guiding 
idea of transfer.    

 New principles of interdisciplinary research and management are 
discussed in preliminary forms, for example, in sustainability sci-
ence and as postnormal science (Funtowics and Ravetz) — in eff orts 
to turn the lack of positive knowledge, of adequate concepts, of exact 
methods and epistemological foundations of knowledge synthesis into 
practices of working with limited knowledge. Th e debates on limits 
of knowledge support often inexact methods and creation of robust 
knowledge to deal with complex and wicked environmental problems. 
With the epistemological formulation of these approaches, conven-
tional principles of disciplinary science and research are given up. Yet, 
the consequences remain unclear: how can further theories, theoreti-
cal concepts, methodological procedures and claims of verifi cation, 
validity, and reliability be maintained in environmental research? Th e 
reduction of cognitive aspirations was seen as a consequence of the 
complexity of problems and processes in SES that exceed the capacity 
of available theories, methods, and explanations. Non-predictability 
of development and change in SES (with manifold interactions of 
system components and processes, feedback loops, insecurity, and sur-
prise) create new problems of production, transfer, and application of 
scientifi c knowledge.   

   2.     For adaptive management, knowledge transfer and application is organised 
in a simple form:  It is assumed that the principles derived from ecologi-
cal research can be directly applied as management principles: no trans-
lation or methodological transformation of scientifi c knowledge is 
required to formulate managerial knowledge. Th e formulation of some 
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normative principles or heuristics that characterise the management 
approach is suffi  cient; for specifi c situations, for example, in the use of 
ecological knowledge for managerial decisions, the advice of researchers 
may be required, but this is a practical question, not one of method-
ological quality.  For the knowledge on environmental governance  resulting 
from social-scientifi c research, the knowledge transfer is less clear; it can 
be assumed that it is mainly done in the conventional forms of scientifi c 
advice to decision-makers. In some cases, it may be done by training of 
decision-makers and in the newly emerging forms of participatory 
research. For both approaches, it seems self-evident that knowledge 
transfer comprises empirical knowledge; management principles; and 
information from monitoring, evaluation, and implementation 
research. Only in exceptional cases are theories used in knowledge trans-
fer; although theoretical concepts are used in resource management, 
their application happens mainly through defi nitions of concepts.   

   3.     Adaptive management and environmental governance are not core com-
ponents of the social-ecological theory; they are only useful for operational-
ising this theory and transferring knowledge from it for purposes of 
sustainable resource management.  Th is application does not require 
aggregation and synthesis of data from empirical studies; such synthe-
sis is, however, required for theory construction, especially for the use 
of empirical knowledge in the overarching social-ecological theory. 
For this purpose, the reviews of adaptive management and environ-
mental governance have shown the principal diffi  culties to make use 
of the frameworks for theoretical purposes of SES analysis. Most 
empirical studies use the concepts and frameworks in exemplary ways 
and without discussing the vagueness, inexactness, and the multiple 
meanings of the terms; the terms are applied in case-specifi c form. Th e 
systematisation and synthesis of knowledge from the empirical 
research end at the level of constructing conceptual models for their 
integration, or with the construction of diff erent types of governance 
as by Leach et al. ( 2007 : 32): adaptive, dynamic, and deliberative gov-
ernance. Also Davidson and Frickel ( 2004 ), asking for sociological 
research and theories of governance, do not connect their analysis to 
the discourses of theory of society or nature–society interaction, but 
ask for specifi c governance theories in a more limited sense. In a social-
ecological review and discussion of the governance debate, Scheer 
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( 2006 ) describes the process of development of more decentralised, 
eff ect-, and result-oriented processes of policy and management, dif-
fering from older bureaucratised and centralised approaches that still 
prevail in managerial practice. His conclusion is that the involvement 
of always more actors in governance makes this process more compli-
cated, with the unforeseeable results, including unexpected ones and 
surprise (Scheer  2006 : 71). Th is confi rms in another perspective than 
that of Davidson and Frickel that the theoretical refl ection of gover-
nance does not include theories of society or nature and society, or 
reduces these to normative views, world views, or paradigms.   

   4.     Th e two main questions that remain for further discussion of adaptive 
management and governance in the context of social-ecological research 
and a theory of nature and society  are: How can adaptive management 
and governance be developed further and connected to such a theory? 
How can the process of reconnecting theory and practice of resource 
management be developed beyond the simple transfer in the form of 
reformulating ideas for ecological research as principles of resource 
management? Th ese questions can be answered in preliminary forms 
with regard to cooperation in resource management and the emerging 
debate about social-ecological regulation.     

  Th e cooperation of researchers and practitioners in resource management  
is intensively discussed to make policies and resource management more 
eff ective and sustainable. Th is discussion gives possibilities to develop 
forms of social-ecological regulation that connect management of 
resource use with the self-regulation of ecosystems. But the approaches of 
resource management suff er from under-refl ection of the cognitive and 
knowledge problems that need to be dealt with in connecting science and 
practice in SES management. Th e knowledge problems include knowl-
edge synthesis and transfer, applied research, knowledge sharing, joint 
learning, systems analysis of social and ecological systems, and theoreti-
cal conceptualisation of forms of governance and regulation. Knowledge 
transfer practices require the epistemological analysis and refl ection of the 
signifi cance of theory and theoretical knowledge in governance processes. 

  Th e concept of social-ecological regulation  requires further analysis and 
theoretical refl ection to become a bridging concept between the theories 
and approaches of environmental governance and the theory of nature–
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society interaction. For the debate summarised above, this implies the 
inclusion of cybernetic ideas in regulation processes. Interdisciplinary 
knowledge synthesis requires elaborate theoretical frameworks for analy-
ses of SES, of functions, structures, and processes in social and ecological 
systems. Such analyses may require one or several theoretical languages 
and ontological and epistemological refl ection (e.g. how to deal with 
diff erent epistemologies as constructivism and realism, with norma-
tive assumptions in knowledge syntheses). Controversial is whether the 
synthesis process can be carried out as a synthesis “ex ante”, where the 
integration is done by choice of an interdisciplinary terminology and 
frameworks as in systems theory, or whether synthesis requires more 
complex processes of knowledge integration that can be described as syn-
thesis “ex post”, which advances in iterative steps of integrating empirical 
and theoretical knowledge where the synthesis is achieved at the end of 
the processes of research and knowledge integration.     
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    7   
 Climate Change and Development 

of Coastal Areas in Social-Ecological 
Perspective                     

      Climate change and its infl uence on development of coastal areas are dis-
cussed in this chapter in the perspectives of adaptive and transformative 
governance. Seven competing constructions of climate change and adap-
tation strategies are compared and analysed in their consequences for 
coastal development strategies. Th e failure of earlier policies of integrated 
resource management in coastal zones is described and refl ected using 
concepts and knowledge from the social-ecological theory described in 
preceding chapters for various purposes: to integrate various perspectives 
in coastal management, to support knowledge transfer between science 
and resource management, and to build transformative agency and gov-
ernance under conditions of global social and environmental change. 

 European countries are not expected to suff er most from the nega-
tive consequences of climate change. In countries in the tropical climate 
zone eff ects of global warming, sea level rise, and extreme weather situ-
ations are more dramatic; the problems are aggravated through the bad 
socio-economic conditions of large parts of the populations. Th e poorest 
people in the tropical zone contribute least to emission of greenhouse 
gases, have to suff er most from climate change, and have least possibilities 
to protect; this is discussed more critically in the social-ecological climate 



discourse (Brunnengräber et al.  2008 , see below). A paradigmatic case is 
the Bay of Bengal in South Asia, the largest bay of the world, where the 
densely populated coasts are the home of about 40 % of the global popu-
lation, mainly poor. Th is coast and the inhabitants are highly vulner-
able to climate change (Samarakoon 2004). As a consequence of climate 
change, the management of coastal resources need to be rethought; this 
requires the integration of the perspectives of resilience and sustainability. 
Weinstein et al. ( 2007 : 43) describe the challenges of sustainable coastal 
management in the twenty-fi rst century as sharing of space and resources 
between humans and other species, as confl ict mitigation, consensus 
building, sacrifi ce, and compromise. 

 In some regards, the situation in coastal areas is similar in all countries. 
Coastal landscapes are the preferred human habitats; two-thirds of all 
megacities are located at the coast. Th e global economy, global transport, 
and communication are strongly dependent on coastal cities and ports. 
In all continents, the population in coastal areas increases. Duxbury and 
Dickinson ( 2007 : 319) describe the situation demographically: approxi-
mately 41 % of the world’s population is living not more than 100 kilo-
metres away from the coast: in 1990, 2 billion people and in 2000, 2.3 
billion people. In 2025, the number is expected to be 3.1 billion people 
(Duxbury and Dickinson  2007 : 319). Because of the concentration of 
natural resources in coastal waters, the coastal ecosystems are important 
as life-supporting systems. Ecologically seen, coastal areas are vulnerable 
to climate change and sea level rise, storms, fl oods, earthquakes, and 
tsunamis. 

 People continue to move to the coasts, although disasters increase and 
the impacts of climate change and sea level rise can already be experi-
enced. After the devastation of New Orleans through Hurricane Katrina 
in August 2005, people moved back in the city and continued to live 
as usual. Inhabitants of coastal areas have always lived with fl oods and 
storms, but the problems are increasing with global climate change, espe-
cially in cities at the coast. Th e fl ood protection technologies of dams 
and dykes situations are necessary more than ever, but they become less 
eff ective with continuing sea level rise and more extreme weather situ-
ations. Technically and economically, it is not possible to build always 
more, stronger, and higher dams. Flood protection walls as the Th ames 
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Gateway in London and the storm gates in Rotterdam show more the 
limits of protection through physical engineering than the successful 
adaptation to climate change. In future, coastal areas may be confronted 
with necessities of resettlement and with confl icts because of that. 

    Adaptation to Climate Change: Problems 
of Adaptation Strategies 

 Adaptation to environmental change and social-ecological regulation 
require diff erentiated forms of reacting to the development of local 
social and ecological systems and their specifi cities. From the economic 
development, of coastal areas, whether they are industrialised or not, 
developing through tourism or revitalising local cultural and economic 
traditions, result diff erent conditions for adaptation to global change. 
Local adaptation cannot avoid social confl icts, disputes, and dilemmas 
that come through reactions to global change and sustainable develop-
ment. Four kinds of cognitive problems need to be dealt with in adapta-
tion to climate change and other forms of environmental governance.

    1.     Th e possibilities of governance of global environmental change cannot be 
suffi  ciently described with the abstract term of adaptation that includes 
limited and passive forms of reaction . More proactive, change- and 
development-oriented, and diff erentiated forms of adaptation to cli-
mate change would require perspectives and strategies of sustainable 
development. Th e process of adaptation is generally described as an 
activity of a system that generates change in its environment with the 
consequence that this change feeds back to the system and causes a 
change in the system that matches with the change in the environ-
ment. In this form, adaptation can be conceived as a continuous inter-
action between system and environment, based on feedback 
mechanisms, and as a mechanism to maintain stability of a system. 
Adaptation does not require the human capacities of refl ection, 
 anticipation, and action; the term can also be applied for mechanical 
and physical systems. 
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 Living systems, ecosystems, social systems, and SES as systems 
developing and changing over time have complex forms of adaptation, 
boundary maintenance, and reproduction; they maintain continuous 
exchange of energy, matter, or information with the environment. 
Human action as constituent of social systems is based on anticipation 
and refl ection, language and learning: capacities that diff erentiate the 
forms of adaptation to the environment. Humans are the most adapt-
able biological species (Crosby  1986 ; Moran  2000 ); they colonised all 
continents and adapted to diff erent natural and climatic conditions. 

 In the analysis of SES and their adaptation, diff erent epistemolo-
gies, concepts, and terminologies of social- and natural-scientifi c ori-
gin need to be integrated in interdisciplinary knowledge syntheses. 
Th e conventional form of diff erentiating human action from other 
forms of reaction is to use the term “behaviour” to describe biological 
and ecosystem-based processes with simplifi ed mechanisms of stimu-
lus, response, and feedback. Human action, more complex, knowl-
edge-, and refl ection-based, generates further possibilities and 
improved adaptation, but also maladaptation. Maladaptation is part of 
explanations of environmental problems. Forms of adaptation that 
may have been successful in earlier phases of development can turn out 
as a maladaptive change when the environmental problems and risks 
change or become more severe. Social reactions of humans to climate 
change in coastal areas include technical or physical protection and 
diff erent forms of mobility and resettlement. Dams and dykes give 
examples of adaptation that became maladaptation, keeping coastal 
cities in a trap at high levels of development and modernisation. Th ese 
cities are no longer stable and safe habitats; they need to be protected 
against sea level rise and fl oods, mainly because of the high invest-
ments in urban land.    

    2.     Climate change governance exemplifi es wicked problems  that are diffi  cult 
to solve and require complicated forms of environmental action. For 
such problems, it is assumed that only clumsy solutions can be found. 
Th rough social-ecological transformation develop more possibilities of 
problems solving, in a series of interconnecting steps and processes of 
managed and non-managed change. Adaptation to climate change and 
development of new energy systems cannot be reduced to problems 
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that require technical solutions, engineering, and geoengineering. In 
coupled and interacting technical, social, and ecological systems, the 
processes of adaptation and transformation follow the complex dynam-
ics of nature–society interaction. Climate change adaptation and 
transformation of energy systems, closely connected, need to be anal-
ysed as specifi c problems of modern society and economy. Historical 
knowledge about former societies that did not use the modern energy 
sources of coal, oil, gas, nuclear energy may be useful only to some 
degree. Th e insecurity and the risks in the governance of energy sys-
tems (see Chap.   8    ) are caused through intervention of humans in nat-
ural process and their modifi cation.   

   3.     Integrating adaptation with ideas of sustainable development in environ-
mental governance  brings a controversy about the interrelations between 
resilience and sustainability. Th is controversy can be formulated with 
the question whether adaptation in the sense of building resilience is 
all what can be done in environmental governance; or whether sustain-
able development can provide further changes in the sense of transfor-
mation of society and the mode of production and practices of natural 
resource use. In the practice of environmental policy, this becomes a 
dispute whether sustainable development should be given up (Benson 
and Craig  2014 ). In coastal governance, the race against time may be 
lost and large parts of coastal areas will be left to the fl ood before sus-
tainable development becomes eff ective. Th is would imply that the 
future to anticipate for coasts and coastal cities is not transition and 
management for change but management of decline, coping with 
disasters, and retreat. Th is does not seem to cover the possibilities of 
adaptation, change, and transformation in environmental governance 
adequately. System dynamics can vary in the course of time; economic 
decline and transition are possible in varying degrees and in diff erent 
phases. Adaptation to climate change is not a fi nal solution, only 
meaningful as a step in the transition to sustainability and 
 climate- neutral energy systems and economies that require reduction 
of CO 2  emissions in the atmosphere.   

   4.     Adaptation strategies in forms of adaptive management and environmen-
tal governance  are complex forms of collective action. Th is action is 
infl uenced and constrained more through the structures and processes 
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in modern society than through the limited possibilities of interven-
tion in ecosystem processes. Regarding adaptation to climate change, 
other forms of reaction can be diff erentiated from technical forms of 
engineering climate change: a series of social and ecological processes 
of transformation of SES. Climate change adaptation in coastal areas 
has logically seen a limited repertoire of alternatives (protection, adap-
tation or accommodation, and retreat), but these can happen in many 
diff erent forms of action, of socially diff erentiated practices.

 –     Protection  is mainly done in technical forms as physical protection 
through dams, dykes, and fl ood protection measures.  

 –    Accommodation  includes more fl exible forms of reaction, where the 
term  adaptation  changes its meaning: it becomes an interactive 
social process of attempts to live with the negative eff ects of climate 
change and adapt fl exibly, for example, in temporary retreat or 
through mobility.  

 –    Retreat  as the fi nal form of adaptation in the worst case of perma-
nent fl ooding implies resettlement. But also in that case the process 
can be more socially and temporally diff erentiated, with several 
options and phases.       

  Th ere are no historical examples where cities of the size of modern mega-
cities have been left and drowned in the sea. Cities in earthquake zones 
have rarely been left, but rebuilt after each catastrophe. How long this can 
be done in coastal cities under infl uence of climate change is unclear. What 
will be done when cities like New Orleans can no longer be eff ectively pro-
tected against fl oods? Will the buildings and the technical infrastructures 
drown or be left, with all consequences of pollution and loss of material for 
human use? Or will there be planned and phased retreat and resettlement, 
removing buildings and infrastructures? What are the personal, social, cul-
tural, and economic consequences for the people moving? How will they 
be prepared for the changes? Improving adaptation strategies beyond tech-
nical and engineering solutions implies analysing the dialectics of adapta-
tion and maladaptation, the manifold interactions between processes in 
social, technical, and ecological systems, and the consequences of climate 
change and climate change adaptation, especially social consequences. 
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 Th e following section discusses diff erences of understanding and 
assessing adaptation to climate change in seven scientifi c approaches and 
theories. Comparing these approaches provides ideas for discussing adap-
tation and transformation problems more concretely—in the context of 
strategies for integrated and sustainable development of coastal areas.  

    Adaptation to Climate Change in Different 
Scientifi c Perspectives 

 Research on climate change developed in international cooperation 
and coordination. Th e IPCC is the institution for reviewing research 
and assessing policy options for climate change adaptation and mitiga-
tion. Th e IPCC reports are detailed assessment reports that synthesise 
new results from climate research and make the knowledge available for 
decision- makers. Th e process is transparent and the material published, 
but scientifi c as well as political controversies continue: about the rea-
sons and causes, consequences and impacts of global climate change, the 
knowledge transfer, the formulation of climate policies, and the elabora-
tion of policy instruments to adapt to global climate change. Critical 
debates about climate research were initiated by several environmental 
movements and scientifi c groups (see Table  7.1 ). Sceptical environmen-
talists see climate policy as useless, environmental technocrats see it in 
terms of engineering, management, and investments, and environmen-
talists argue for better protection of coastal habitats and their inhabit-
ants. Th ese disputes show more than the simple fact of sea level rise: 
climate change can be constructed diff erently and potential governance 
forms diff er signifi cantly. In international climate research and policy 
developed a climate technocracy with a managerial style of coordination 
and  control of climate policy that creates expertise and powerful knowl-
edge, but allows to bypass controversies and to neglect the seeking of 
socially diff erentiated solutions. In Great Britain where larger parts of the 
population are threatened by climate change, sea level rise, and fl ooding,  
began debates and experiments with diff erent forms of adaptive gover-
nance (Landström et al. 2013; Lane et al. 2011). Th e disputes can have 
consequences for climate policy; the forms of interdisciplinary climate 
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research, methods of knowledge syntheses, the mechanisms of knowledge 
sharing, transfer, policy advice, consensus building, policy formulation, 
and implementation can change.

   International climate policy works with an economic logic of cost–ben-
efi t thinking that is most explicitly articulated in the dominant positions 
of the IPCC and the  described below. Th ese two scientifi c institutions 
represent the interests of infl uential scientifi c actors and powerful global 
players in climate politics. Th e international climate policy connects 
with neoliberal “green economy” strategies through which countries and 
social groups may be aff ected diff erently by climate adaptation measures 
(Brunnengräber  2009 ). Th is gives rise to confl icts and disputes that can 
be seen from the contrasting constructions of climate change (Table  7.1 ). 

  Th e global climate policy based on the IPCC reports  works with the con-
struction of climate change as a phenomenon of global environmental 
change and as a problem that touches humankind in total, requiring 
global strategies and solutions. Th ese premises structure the knowledge 
transfer and the formulation of policies and strategies for climate change. 

     Table 7.1    Constructions of climate change   

  Mainstream variants  
 1.  IPCC ( 2013 )—adaptation and mitigation of climate change: climate change 

as a global environmental change that touches humankind in total and 
requires global solutions 

 2.  Economics of Climate Adaptation Working Group ( 2009 )—advantages of 
climate change adaptation in economic terms 

  Critical variants  
 3.  Social topology of climate change (Blok  2010b )—climate change in the 

perspective of actor-network theory: multiple globalities appearing in the 
construction of climate change 

 4.  Critique of ideology (Swyngedouw  2009 )—the post-political neoliberal 
consensus as neglecting the social differences and differences in 
vulnerability to climate change 

 5.  Social movement theory and climate change (Jamison  2010 )—different 
forms of knowledge infl uencing the construction of climate change 

 6.  Environmental sociology (York et al.  2003 ; Urry  2011 )—controversy between 
the theories of ecological modernisation and critical political-economic 
theories in describing climate change 

 7.  Climate change in social-ecological research (Brunnengräber  2009 )—social 
dilemmas of climate change 

   Sources : Own compilation; described in the text  
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Th e arguments from the Economics of Climate Adaptation Working 
Group are supporting and complementing the IPCC reports that present 
the scientifi c results systematically. A joint argument in several critical 
variants of climate change analysis is that the construction of a common 
global climate problem ignores manifold social diff erences in the threat-
ening of diff erent countries and social groups. Th e burdens of climate 
change adaptation are distributed unequally; they add up to already exist-
ing social, economic, and environmental problems and confl icts. Th e 
resulting new confl icts about unequal access to and distribution of natu-
ral and social resources are programmed through inadequate policies. Th e 
ignored interests and problems reappear as non-anticipated consequences 
in the further discourse and in policy implementation processes and need 
to be dealt with attempts to renegotiate, modify, ‘repair’, or correct earlier 
decisions. Two new approaches developed in the discussion of adaptation 
to climate change:

 –     Analyses of social vulnerability to climate change  (Adger et  al.). In 
these studies, the questions asked are which social groups in which 
societies are aff ected, who wins and who loses economically through 
climate change.  

 –    Analyses of contextual vulnerability to climate change  (O’Brien et al.). 
Th ese studies broaden the analysis of climate change and its eff ects 
for society in multi-dimensional and multi-scalar perspectives; they 
ask for the dynamics of interaction of climate change and other 
forms of change in society.    

 Both approaches can produce additional knowledge for climate change 
adaptation, in reaction to the infl exibility of mainstream climate policy; 
they support more open and critical discussion of alternative approaches 
and diff erentiation and combination of several approaches. 

 Th e controversies in climate policy can be described with the variants of 
constructing climate change and possibilities of reacting to it (Table  7.1 ).

    1.     IPCC — adaptation and mitigation of climate change:  Th e IPCC 
approach includes a global strategy for adaptation to and mitigation of 
climate change to avoid harmful climate impact (IPCC  2013 ) in 
which the perspectives of resilience and sustainability are blended in 
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unclear forms. Mitigation and adaptation are seen as complementary; 
increasing levels of mitigation to reduce global climate change imply 
less future need for adaptation. To stabilise greenhouse gas concentra-
tions, the literature reviewed points to a wide range of mitigation path-
ways. Choices between these pathways are required, for example, the 
possibilities to bring atmospheric CO 2  concentrations to a particular 
level; the technologies that are deployed to reduce emissions; the 
degree to which mitigation is coordinated across countries; the policy 
approaches used to achieve mitigation within and across countries; the 
choice between alternative forms of land use; and the manner in which 
mitigation is connected with the policy objectives of sustainable devel-
opment. Decisions about mitigation pathways can be made by weigh-
ing the requirements of diff erent pathways against each other. 
Mitigation pathways involve a range of synergies and trade-off s con-
nected with other policy objectives such as energy and food security, 
the distribution of economic impacts, local air quality, other environ-
mental factors associated with diff erent technological solutions, and 
economic competitiveness (IPCC  2013 : 22). Th ese issues require fur-
ther clarifi cation of the interrelations between adaptation and transfor-
mation, resilience and sustainability. 

 Economic eff ects play a dominant role in the internationally coordi-
nated climate change and adaptation research. Th e economic perspec-
tives in the IPCC and in the following example of the Economics of 
Climate Adaptation Working Group are strongly infl uenced from 
mainstream economics and the neoliberal discourse. A main form of 
arguing is in terms of income losses and gains through adaptation mea-
sures. Although in both approaches the situation of the  economically 
poor, especially in the tropical countries, is included in the discussion, 
the abstract economic reasoning does not show concrete social conse-
quences of adaptation measures. Th e question which parts of coastal 
lands to protect against climate change and which to give up can be 
answered diff erently. With the economic logic of decision- making and 
thinking in terms of return of investment, it is easy to argue for pro-
tecting land with high economic investments, as in cities, and to give 
up land with low investments, for example, agricultural land in rural 
areas. Taking into account all diffi  culties with multiple- criteria deci-
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sion-making, decisions about land use under the infl uence of climate 
change become much more diffi  cult.   

   2.     Economics of Climate Adaptation Working Group:  Th e working group 
formulated four key arguments:

 –    Knowledge for climate adaptation is available. Despite uncertainty 
about the possible eff ects of global warming on local weather pat-
terns, society knows enough to build plausible scenarios on which 
to base decision-making, even in developing countries, where his-
torical longitudinal climate data may be limited. Using scenarios 
helps decision-makers to fi nd decisions that take into account a 
series of consequences of climate change.  

 –   Signifi cant economic value is at risk. If current development trends 
continue to 2030, the locations studied will lose between 1 and 
12 % of gross domestic product as a result of existing climate pat-
terns, with low-income populations such as small-scale farmers in 
India and Mali losing an even greater proportion of their income. 
Within the next twenty years, climate change could worsen this 
picture of losses signifi cantly.  

 –   Adaptation measures can reduce the expected economic losses and 
economic benefi ts can outweigh the costs. Th ese measures include 
infrastructure improvements, such as strengthening buildings 
against storms or constructing reservoirs and wells to combat 
drought; technological measures, such as improved fertilizer use; 
systemic or behavioural initiatives, such as awareness campaigns; 
and disaster relief and emergency response programmes.  

 –   Adaptation measures can strengthen economic development: 
Measures with demonstrated net economic benefi t are also more 
likely to attract investment—and trigger valuable new innovations 
and partnerships. Early investment to improve climate resilience is 
likely to be cheaper and more eff ective for the world community 
than disaster relief eff orts after the event (Economics of Climate 
Adaptation Working Group  2009 : 10f )    
 Th e message from this economic analysis of climate change adapta-

tion is that the risks quantifi ed in income losses require adaptation 
measures to reduce income losses. Adaptation can strengthen eco-
nomic development. It can be assumed that adaptation measures are 
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cheaper than disaster relief. In economic risk assessment, some dif-
ferences in the exposure and aff ectedness by climate change are taken 
into account. For adaptation measures, income losses and investment 
protection are dominant arguments; social consequences of climate 
change are seen in this economic perspective.   

   3.     Social topology of climate change — climate change in the perspective of 
actor-network theory:  Actor-network theory (Blok  2010a ,  b ) shows cli-
mate change adaptation and its consequences in a social constructivist 
perspective. Th e main theoretical argument unfolds in the construc-
tion of the topography of networked locales connected through socio-
technical relations. Th e theory breaks with the idea of hierarchically 
nested scales from the local to the global, arguing that everything hap-
pens on the same topographical plane of networked locales. Th e scales 
are no natural phenomena but products of scaling of the actors. Th e 
notion of one global environment is abandoned with the notion of 
“oligoptica” as multiple coexisting globalities (Blok  2010a : 900). Th e 
theoretical reasoning is diffi  cult to translate into political options for 
climate change adaptation. Th e main value of the theory seems to be 
critique of the social consequences of dominant global climate policy 
that can be summarised in the following arguments (Blok  2010a : 
909):

 –    Th e construction of global climate change through the scientifi c 
networks of the IPCC resulted in contested forms of action in 
global climate policy.  

 –   Alternative constructions of climate change take into account polit-
ical, economic, and ethical concerns beyond technoscience, where 
shifting topologies of knowledges, symbols, commitments, and 
practices are found.  

 –   In the global climate policy, neoliberal forms of carbon accounting, 
diff erent forms of moral reasoning and moral ambiguities, and 
socio-natural concerns articulated on behalf of marginal communi-
ties in the Global South contrast with each other.    

 Although the climate discourse is described in diff erentiated forms, 
the “locked” theoretical reasoning with a hybrid terminology does not 
provide concrete arguments for diff erentiating adaptive and transfor-
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mative governance of climate change. Th e theoretical core argument 
comes close to the reasoning about circulation and fl ows in actor-net-
work theory, formulated by Latour ( 1999 : 17ff ): macrostructures and 
microinteractions, the local and the global are components of circulat-
ing entities. Th e constructivist reasoning in actor-network theory has 
two major disadvantages:

 –     Th is theory uses a complicated language for analyses of “relationality” 
and the reconstruction of diff erent views of the global with an often 
metaphoric vocabulary and new, hybrid terms that mask the arguments 
more than clarifying them.  Much of the reasoning is dependent on 
the use of a terminology that is diffi  cult to reproduce in other theo-
ries, approaches, and in the policy discourse. In Bloks’ description, 
the consequences of the constructions are unclear with regard to 
alternative approaches that could help to break the powerful neolib-
eral climate policy.  

 –    Th e theory and its “relational-scalar topology” is not underbuilt with 
stronger theoretical arguments from societal and economic systems anal-
ysis . Th e analysis of society–nature interaction is reduced to variants 
of communication about this interaction, showing the contingency 
of interpretation and knowledge creation: it is always possible in 
diff erent ways. Th e theory identifi es types and forms of networks 
and their spatial dynamics on the “communication surface” of SES, 
neglecting the analysis of systemic interaction. With the incompat-
ible constructions of climate change, it is no longer possible to 
achieve consensus and concerted action. Climate policy is becom-
ing politics, the continuous power- and knowledge-based struggle 
between heterogeneous interpretations and interests of the actors.    

 Blok mentions two points that are to be discussed methodologically 
for all attempts to inter- and transdisciplinary knowledge integration 
in environmental research:

 –     Actor-network theory has a normative message for social scientists:  
Th rough the power of their descriptions, they become part of scien-
tifi c and political projects of constructing the socio-spatial worlds of 
global environmental change (Blok  2010a : 910). Th is implies a 
transdisciplinary perspective for analysing knowledge practices, 
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where scientists appear no longer as neutral knowledge producers 
but to be participating in social and political practices—willingly or 
not, researchers become stakeholders with specifi c interests.  

 –    It is diffi  cult to integrate global environmental governance processes 
with the heterogeneous and competing knowledge of diff erent actors.  
Global scientifi c knowledge and local ecological knowledge build 
on diff erent ontologies, not on diff erences in scale but on phenom-
enological diff erences of understanding (Blok  2010a : 901). In 
transdisciplinary knowledge combination, more complicated meth-
ods are necessary to communicate and connect diff erent construc-
tions of the world. Knowledge practices need to be transferred from 
epistemically diff erent forms of reasoning to reasoning in forms of 
social action, negotiation, and decision-making.      

   4.     Critique of the ideology of post-political environmental consensus:  Actor- 
network theory in its attempt to critically deconstruct the knowledge 
regimes for climate change is in its cognitive aims similar to critique of 
ideology in the older forms of critical theory, although, as post- modern 
theory, it does not use the ideology term. Swyngedouw gives an exam-
ple for an approach connecting to older critique of ideology. He 
unfolds the argument that climate change was one of the discourses 
that brought signifi cant changes in science and politics: the emergence 
of technocratic-managerial forms of policies, where political contro-
versies and forms of democratic decision-making are replaced by 
 post- political and post-democratic populism. Th is is described by 
Swyngedouw ( 2009 : 11) in two points: 

  Post-political environmental consensus  includes a chain of 
arguments:

 –    Social and ecological problems caused by modern capitalism are 
external side eff ects, not integral part of the relations of liberal poli-
tics and capitalist economies.  

 –   A populist reasoning with the interest of an imaginary “the people”, 
nature, or “the environment” is lifted to the level of the universal 
rather than opening spaces that permit to universalise the claims of 
particular socio-natures, environments, or social groups or classes.  

 –   Th e side eff ects are constituted as global, universal, and threatening.  
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 –   Th e “enemy” or the target of concern becomes socially disembodied 
is always vague, ambiguous, unnamed and uncounted, and ulti-
mately empty.  

 –   Th e target of concern is managed through a consensual dialogical 
politics whereby demands become depoliticised and politics 
naturalised.    

  Th e harmonious view of nature  in the post-political environmental 
consensus is, according to Swyngedouw, “radically reactionary” and 
rejecting the articulation of divergent, confl icting, and alternative 
trajectories of future socio-environmental possibilities. Much of the 
climate change and sustainability thinking seems to build on such 
harmonious views that eliminate alternatives. Such thinking silences 
the antagonisms and confl icts that are constitutive of socio-natural 
orders in modern society. Th e current post-political condition consti-
tutes a particular fi ction that forecloses dissent and the possibility of 
a diff erent future. Th ere is a need for diff erent stories and fi ctions, for 
formulation of diff erent socio-environmental futures, for recognising 
confl icts and diff erences, and for struggle over the naming and trajec-
tories of these futures. 

 Swyngedouw’s arguments seem clearer than that of Blok at the point 
of reclaiming democratic politics to fi ght for alternative views and 
futures. For that purpose, his main argument is that  socio- environmental 
confl ict should be legitimised as constitutive of a democratic order, 
turning the climate question into a question of democracy and its 
meaning. Democracy requires the expression of confl icts, agonistic 
debate and disagreement, and naming of diff erent possible socio-envi-
ronmental futures. Th e reasoning is similar to the post-Marxist reason-
ing of Mouff e who uses Schmitt’s concept of politics in critical analyses 
to argue for a radicalisation of democracy as “agonistic pluralism” 
(Mouff e  2013 ). How the critique of post-political consensus and har-
monious views of nature, formulated in abstract terms, can be trans-
formed into new practices of climate change action, or in politics of 
resistance to technocratic- managerial climate policies, is rather unclear. 
Th is transformation would require more than critique of ideologies 
and diff erent climate stories: a reconstruction of political knowledge 
practices, formulation of strategies for transformative governance, 
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identifi cation of political subjects that can change the economic and 
political power structures in the present world system, and formulation 
of strategies of collective action. 

 Other critical research in the social and political sciences supported 
the critique of the policy-oriented climate research where coalitions of 
governmental, economic, and scientifi c power elites transformed the 
culture of research. Th is is described in the “triple- helix” hypothesis or 
in the theory of new knowledge production and “mode 2” (see below, 
Jamison).   

   5.     Social movement theory and climate change:  Jamison ( 2010 ) recon-
structs in a critical sociology of knowledge several contrasting dis-
courses on climate change with empirical and theoretical knowledge. 
His theory diff ers from the reasoning in actor-network theory and cri-
tique of ideology through its concrete analyses of knowledge practices 
connected with social movements. Jamison identifi es the producers of 
scientifi c and other knowledge, among these also social movements as 
knowledge producers in their own right (for further discussion, see 
Chesters  2012 ). Th is description of knowledge producers is useful in 
discussing the contrasting and competing forms of knowledge produc-
tion about climate change according to

 –     types of reasoning:  oppositional (climate scepticism), dominant 
(green business), and emerging (climate justice);  

 –    types of movements : neoconservative, neoliberal, and global justice;  
 –    scientifi c perspectives : academic/disciplinary, entrepreneurial/non- 

disciplinary, and cross-disciplinary;  
 –    knowledge forms:  traditional/personal, contextual/proprietary, and 

hybrid/public.    

 For Jamison, the dominant approach in knowledge production for 
climate change corresponds to the new “mode 2” of knowledge pro-
duction, where the traditional boundaries between science and politics 
and the borders between the academic and commercial spheres are 
transgressed. In the newly emerging knowledge practices, science is 
not carried out in a disinterested and impartial fashion; research is 
funded by non-scientifi c sources and interests in order to contribute 
to policymaking and technological development. Such policy-rele-
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vant research dominates in many climate research centres and in the 
IPCC. Th e research is often carried out in networks of academic, gov-
ernmental, and business organisations, in projects to provide policy 
advice as well as profi table “solutions” to climate change. “Mode 2” 
implies epistemic criteria diff ering from academic science, with dif-
ferent methods of investigation, diff erent forms of interpretation, 
and diff erent rationales of justifi cation and verifi cation of knowledge 
claims and practices (Jamison  2010 : 819f ). 

 Th is approach of social movement theory applied for climate 
research is concrete in its arguments about knowledge production and 
application. In diff erence to the two approaches of actor- network the-
ory and critique of the ideology of a post-political environmental con-
sensus, Jamison has no diffi  culties to translate arguments about 
knowledge production and changing knowledge practices in descrip-
tions of social and political action, as in the analysis of climate policy. 
In parallel to a broader typology of changing forms of knowledge pro-
duction that Jamison developed in earlier writings, three kinds of 
knowledge practices can be observed in the climate discourse:

 –    A variant of traditional academic science (also called “mode 1”) that 
is connected with the movement of environmental scepticism, 
questioning the existence of climate change.  

 –   A variant of “mode 2” or transdisciplinary knowledge production 
done in cooperation of academic researchers and private business, 
described in the “triple-helix” theory of new knowledge production 
as cooperation of science, government, and business. Th is is the 
mainstream of climate research that includes the IPCC, although it 
does not mean that research is done in direct cooperation of science 
and business. It is enough that the research takes into account eco-
nomic interests of certain actors as the ones that opt for the neolib-
eral “green economy”.  

 –   A third variant, one of critical “mode 2”-knowledge production, is 
connected with the newly emerging movement of environmental 
or climate justice as a critical movement. Th is seems to be a con-
crete form and example of a new critical practice in climate policy 
that takes into account the social inequalities that appeared in the 
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critical reasoning of Blok and Swyngedouw, although not concre-
tised in terms of strategies for collective action.    

 Th e three knowledge regimes appear in a temporal sequence: the 
traditional academic “mode 1” is the one developing in the fi rst half of 
the twentieth century as a dominant form, but less important although 
not vanishing with the new forms of knowledge production. Th e newly 
emerging movement for climate justice described by Jamison includes 
diff erent actors and interests. Th e question is whether environmental 
justice can become the guiding idea for formulating political strategies 
and knowledge practices and is able to generate new climate politics to 
deal with social inequalities in climate change mitigation and adapta-
tion. Political strategies require more than normative ideas of social 
and environmental justice and fair sharing of natural resources. Th e 
environmental justice movement seems to be locked in ethical think-
ing that needs to be reinforced through political or social strategies and 
fi nding of partners in the power struggles in environmental politics.   

   6.     Environmental sociology—the controversy between the theories of ecologi-
cal modernisation and critical political-economic theories:  Analysis of cli-
mate change requires use of sociological knowledge and theories for 
interpreting and reconstructing the natural-scientifi c knowledge on 
man-made global climate change. In the theories of ecological mod-
ernisation (Mol) and critical political-economic theories (“treadmill of 
production”, Schnaiberg; “ecological rift”, Marxist theory), climate 
change is interpreted on the basis of systems analyses of society and 
economy. York et  al. ( 2003, 2004 ) attempted to test the arguments 
from these theories with data available about greenhouse gas emis-
sions, methane, and carbon dioxide that cause climate change. Th ey 
use a modifi ed variant of the ecological IPAT model where the total 
environmental impact (I) is a multiplicative function of population 
(P), per capita consumption or affl  uence (A), and impact per unit of 
consumption or technology (T), transforming it in stochastic form 
(York et al.  2003 : 280f ). Th e results of their global analysis include 
that population size, affl  uence, industrialisation, and urbanisation 
increase emissions, and that tropical countries have lower emission 
than non-tropical countries. Th e largest part of emission is from indus-
trialised countries in the moderate climate zone, a result that is not 
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falsifi ed through the data of growing emissions from the newly indus-
trialising countries since the last decade. Th e authors interpret the 
results as not supporting

 –    the theory of ecological modernisation (Mol), where technological 
change is assumed to result in lower emissions, or  

 –   the hypothesis of a Kuznets curve, where it is assumed that in the 
course of economic modernisation emissions are reduced.  

 –   Both approaches are reasoning with technological improvements 
and institutional change. Arguments from other theories are sup-
ported by the data:  

 –   Th ose of the “treadmill of production” theory, arguing that the 
industrial-capitalist mode of production causes the environmental 
disturbance, including climate change.  

 –   Th e hypothesis of the “metabolic rift” dating back to Marx, arguing 
that modern capitalist production, agricultural and industrial, 
interrupted the natural cycles of nutrients and materials that are 
necessary for maintaining the functions of ecosystems.    

 York and Rosa argue that institutional and technological change, 
the factors on which ecological modernisation and the Kuznets curve 
hypothesis are built, cannot be neglected, but more fundamental 
changes are required for transitions to sustainability. Technological 
and institutional change cannot transform the systemic mechanisms 
of the capitalist mode of production in the industrial society as the 
main causes for emissions of greenhouse gases. Transitions to sustain-
ability require forms of production and consumption with lower envi-
ronmental impact, taking into account the variation in emissions at a 
given population size and level of development. More complex strate-
gies to reduce negative environmental impact can build on interdis-
ciplinary research of material and energy fl ows in industrial ecology 
(York et al.  2004 ). 

 Although the interpretation, the methodology, and the data used by 
York and Rosa are criticised by Mol, their main argument of system 
transformation is not dependent on these data or their interpretation 
alone; it is supported from further research, including the analyses of 
global resource fl ows in social ecology. Th e authors reject ideas and 
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strategies of technological and institutional adaptation that are part of 
continuing economic modernisation, but do not support social-eco-
logical transformation and signifi cant reduction of negative environ-
mental impacts. Some critical sociological analyses of climate change, 
neoliberal capitalism, and the dominance of economics in climate 
change adaptation (Urry  2011 : 119f ) do not suffi  ciently analyse 
requirements of social-ecological transformation of society. Urry seeks 
a solution through a renewed capitalism called “resource capitalism”, 
where nature would not be separated from economy—but he con-
cedes doubts, whether a solution of climate change problems is possi-
ble within capitalism. More critical analyses of social-ecological 
transformation include political-economic theory, world system the-
ory, and theories of societal metabolism in social ecology or their 
synthesis.   

   7.     Climate change in social-ecological research:  Brunnengräber ( 2009 : 62 
f, see also Brunnengräber et al.  2008 ) analyses the social dilemmas of 
climate change. Th is research argues that the present ecological crisis 
results from contradictory interactions between nature and society 
and contradictory forms of their regulation. Th e actors on the mar-
kets use natural resources without taking into account externalities, 
social inequality, and environmental degradation. Governmental reg-
ulation is adapted to neoliberal globalisation and global exchange of 
commodities. Many citizens demand nature protection and contrib-
ute simultaneously as consumers, through their forms of life to 
destruction of nature. Social inequality shows not only within coun-
tries but also between industrial and developing countries Th e poor 
countries in the tropical zone contribute least to emission of green-
house gases and have to suff er most from climate change; the indus-
trial countries can protect against negative consequences of climate 
change. But also in the Global North, the social diff erences between 
rich and poor imply diff erences in vulnerability. 

 Th e arguments from social-ecological research sum up to a diff eren-
tiated reconstruction of the climate change discourse:

 –    Climate change eff ects are not global in the sense of globally equal or 
common problems; they diff er strongly in the social classes of society 
and are infl uenced by “multiple inequalities”. Th e heterogeneous 
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consequences and vulnerabilities prevent a common diagnosis of the 
problem of climate change.  

 –   Climate change as part of complex structures, of socio-cultural and 
socio- ecological relations, is simplifi ed and subjected to socially 
selective (ideological) reasoning when it is seen as a global and com-
mon problem of humankind.  

 –   Th e natural-scientifi c reasoning of a “crisis of nature”, the discus-
sion of global catastrophes in the media, and the moral reasoning in 
terms of a global problem of humankind do not adequately describe 
the phenomena of crisis.  

 –   Th e question that needs to be asked is which interests and interpre-
tations of the problems and the political perspectives guide the 
political and economic reactions to climate change. Climate politics 
is a confl icting fi eld in which not necessarily protection of the cli-
mate is at stake, but the control of societal and economic crises and 
their regulation.       

   Th e social-ecological research about climate change and adaptation to it 
can be complemented through the elements of a new social-ecological theory 
of nature–society interaction . With this theory develops a framework for 
the analysis of social-ecological regulation of societal interaction with 
nature that includes the themes of climate change and sustainability. Th is 
operational framework derives from the theoretical concept of a social- 
ecological regime (Fischer-Kowalski et al.; see the detailed description in 
Chap.   4    ). 

 From the comparison of the seven approaches to climate change analy-
sis, two conclusions can be drawn:

    1.     Th e discourse of climate change and adaptation to it is trapped in a vicious 
circle of constructing competing scientifi c narratives and models for politi-
cal action.  In the transfer of knowledge less the quality of scientifi c 
arguments counts, more the power relations and vested interests in 
science and politics.

 –    Th e fi rst two approaches, the global strategy formulated by the 
IPCC and the adaptation strategy of the Economics of Climate 
Adaptation Working Group, represent the powerful positions that 
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inform the neoliberal, market-based climate policies, connecting 
natural-scientifi c with economic arguments. All other approaches 
broaden the knowledge perspectives to include more social- scientifi c 
knowledge and draw attention to the inconsistency and the ignored 
or non-anticipated social consequences in the dominant climate 
narratives.  

 –   Th e climate discourse is an arena where the dispute about adapting 
to climate change or transforming industrial society and economy is 
carried out. In the dominant positions, the transformation debate is 
avoided with the dominant terms of adaptation and mitigation of 
climate change. In the critical approaches, insofar they are not stuck 
in the knowledge construction debate; the connections between cli-
mate change adaptation, mitigation, and transformation to sustain-
ability are more clearly articulated. But also with—and 
between—them the controversies about possibilities, pathways, and 
methods of societal transformation to sustainability continue. 
Minimal consensus about a sustainable society is that it becomes 
climate- neutral through a decarbonised economy. Th e technical 
change in the form of “green technologies” and renewable energy 
sources to reduce CO 2  emissions does not cover the whole transfor-
mation process and its forms as societal change.  

 –   Th e description of the programme of industrial ecology by York and 
Rosa can help to analyse societal system dynamics with analyses of 
material and energy fl ows through industrial systems. With such 
analyses, the quantitative and qualitative dimensions of natural 
resource fl ows and consequences of their appropriation and trans-
formation in economic production can be assessed. Results include, 
for example, socially unequal exchange and “hidden fl ows” that 
make a large part of materials extracted that do not enter in the 
production process appear in the economic system as waste.  

 –   Industrial ecology has a limited knowledge perspective with the 
focus on technological innovation to improve the eco-effi  ciency of 
production and resource use. Th is limitation has been criticised, for 
example, regarding non-intended negative eff ects of technologies. 
In social-ecological analyses, it is necessary to describe and analyse 
resource fl ows not only empirically as fl ows of materials, energy, and 
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information, but the fl ows are constituents of the metabolism of 
industrial society and its economic structures that block the trans-
formation to sustainability and require further empirical and theo-
retical knowledge to identify possibilities of transformative 
governance.      

   2.     Social-ecological and other critical analyses of global environmental prob-
lems made, with the analysis of climate change, visible the diffi  culties and 
the necessity of including in environmental governance confl icting inter-
ests, contrasting arguments, and diff erent scientifi c narratives. 

 –    A critical point of scientifi c knowledge construction became visible 
in the discussion of climate change analyses and policies of adapta-
tion: the dominant neoliberal climate policy and its scientifi c under-
pinning through economic analyses of climate change adaptation 
ignore contrasting forms of knowledge use and contrasting inter-
ests. Large parts of social-scientifi c knowledge from societal systems 
analyses are neglected; concrete and contrasting interests of social 
groups are suppressed with the construction of “common interests”. 
Th e challenge of climate change analysis and climate policy has 
been formulated by Sayre ( 2012 : 67) as thinking, studying, and act-
ing across diff erent spatial and temporal scales of climate change 
and its complex web of causes and consequences. Th is is not yet 
concretised in knowledge practices that can support the coopera-
tion of diff erent groups of knowledge bearers with diff erent and 
confl icting interests and values. To fi nd such knowledge practices 
cannot be left to the political process where they need to be found 
somehow. Th e political process itself needs to be broadened and 
changed.  

 –   Climate research is infl uenced by diff erent worldviews or paradigms 
for the production of scientifi c knowledge and by diff erent interests 
articulated in the climate discourse. Th e separation of scientifi c 
knowledge from power relations in science, politics, and economy 
supports an idealist view of interest-neutral science. Th e diffi  culties 
of theoretical, epistemological, and methodological kind in knowl-
edge synthesis cannot justify such idealism that works with con-
structions of “our common future” and “common interests of 
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humankind”. Th e processes of transferring knowledge into prac-
tices of resource management and policy formulation seem to be 
contingent, depending on the selective knowledge use of epistemic 
communities. It seems necessary to fi nd additional and new forms 
of knowledge communication, integration, and cooperation 
between diff erent groups of knowledge producers, users, and appli-
ers. Confl icts and disputes need to be dealt with in other, more 
elaborate and practical forms than ethical reasoning.  

 –   In the debate of  transformative learning, literacy, and agency , the 
understanding and shaping of societal transformations is at stake 
(WBGU  2011 ; Scholz  2011 ; Schneidewind  2013 ), in eff orts to 
connect transformative research, transformative education, and 
transformative action. Other, more specifi c forms of building action 
capacity and transformative literacy are developing in the British 
research and practice of climate change adaptation (Landström 
et al. 2011; Lane et al.  2011 ), where futures are imagined and con-
stituted through knowledge practices that connect policy, manage-
ment, and science. In both forms of creating transformative agency, 
one can fi nd three components: involvement of the target groups 
(for example as resource users or as citizens who have to live with 
specifi c consequences of climate change such as fl ooding); inter- 
and transdisciplinary forms of knowledge integration; and knowl-
edge generation practices for anticipating and constructing the 
futures of a society that learns to change, adapt, and transform. 
Transformative learning and literacy is a broad research theme in 
pedagogics and other disciplines which can also be applied in the 
environmental governance debate. However, as the similar debate 
about transformative agency, it is often limited to individual learn-
ing and behaviour changes or to learning within a single organisa-
tion (Haapasaari et  al.  2014 ). In ecological research, a theory of 
transformative agency in SES has been discussed (Westley et  al. 
 2013 ); it suff ers from its limitation to ecological resilience research 
and the adoption of the adaptive cycle model. Application and 
combination of the concepts and theories of transformative learn-
ing, literacy, and agency in transdisciplinary environmental research 
can help to create new forms of transformative governance. For the 
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analysis and discussion of social-ecological transformation, these 
concepts are not yet suffi  ciently developed and synthesised.  

 –   At the end, the question of creating new knowledge practices 
becomes again one of social-ecological theory. How can the social- 
ecological transformation discourse deal with incompatible forms 
of knowledge production and construction, diff erent epistemolo-
gies and methodologies, heterogeneous interests of social actors, 
and contradicting worldviews and paradigms supporting a plurality 
of climate narratives? Th e diff erences cannot be dissolved through 
the construction of one theory or by way of explanation, but only 
through a theoretical discourse where cooperation between diff er-
ent knowledge forms and practices is discussed, beyond the analyses 
and explanations created through the theory. Th e social-ecological 
theory is in continuous development, it reconstructs global envi-
ronmental change, interconnections of social and environmental 
problems, and possibilities of societal transformation. A theory of 
this kind requires combinations of diff erent theories, interdisciplin-
ary knowledge syntheses, and a mapping of knowledge practices for 
social-ecological change and transformation. Th e aim of such a 
theory is not to integrate all competing theoretical variants of cli-
mate change analyses but to show their diff erences, their justifi ca-
tion, and relative validity.         

    Adaptation to Climate Change and Sustainable 
Development in Coastal Areas 

 Th e paradigm of a coastal society in European history was the Roman 
Empire. Th e coast was the nexus of the economy in this historical world 
system of political nature (empire). In the Roman society, provision of 
food resources, maintenance of the economic reproduction, and the devel-
opment of the society were dependent on maritime transport routes along 
the Mediterranean coasts. Th e continuous expansion of the societal system 
from a local society to a political world system became possible through 
coast-bound expansion. Roman society was studied in several scientifi c 
disciplines, also, by human ecologists (Tengström) and environmental 
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historians (Sieferle). Th e Empire seemed to show the archetype of the 
modern economic world system, also, with regard to its socially, economi-
cally, and environmentally unsustainable forms of development. At the 
end, the Roman Empire collapsed for diff erent reasons, among these eco-
logical ones (the overuse of natural resources and destruction of ecosystem 
in the colonies) and political ones (the Empire expanded to a size which 
exceeded the political and military possibilities to maintain and defend it). 

 In the Roman Empire, all important fl ows of material resources were 
dependent on the maritime transport system, the only form of mass trans-
port of goods in human history before the technical invention of the rail-
way in the nineteenth century. To protect the continuous resource fl ows 
through the Mediterranean Sea with a big commercial fl eet required a 
military fl eet for protection (mainly against pirates). Th e Roman Empire 
overcame the limited, land-based expansion of earlier empires through 
expansion across the sea, which increased the possibilities to grow and 
compensate the limited resource base in the centre through imports from 
the colonies in the periphery. Th e similarities with the modern capitalist 
world system do not help to explain the functions and problems of coasts 
in the modern society with its capitalist economy and mode of industrial 
production. Coastal development problems in modern society can be 
described in three main aspects:

    1.     Coasts in the modern society are still important for maritime transport and 
natural resource use, but their dynamics as SES have changed  with the 
social-ecological change of coastal SES in later history, the high popu-
lation density in coastal areas and their cultural and economic impor-
tance for recreation and tourism. As a concomitant of socio-cultural 
modernisation in Europe these changes are, for example, studied in 
the social sciences by Corbin (1990). He analysed the discovery of the 
coast and the sea by tourists in European countries since the mid- 
eighteenth century, more or less parallel with the development of 
industrial society. Th e changes described at the beginning of the chap-
ter show the social, economic, and ecological importance of coasts in 
modern society: the concentration of population, settlements and cit-
ies, infrastructure systems including transport and communication 
systems, and the abundance of natural resources in terrestrial and 
maritime ecosystems.   
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   2.     Th e ecological functions and processes in coastal areas are important for the 
material and symbolic reproduction of modern society, but this society is 
not a coastal society in the strict sense of the term.  Certain countries are 
located more or less completely in the coastal zone, but policies cannot 
only concentrate on these. Th e globally networked modern society 
requires more complex, multi-scale perspectives in the analyses of 
 climate change. Th e modern economic world system as reference sys-
tem for the analysis of society encompasses the total global space, land, 
and sea. Th ere are only few unexplored spaces that have not yet colo-
nised nature, especially the deep sea, which becomes more and more 
important for natural resource extraction and mining. Th e system- 
maintaining interactions in modern society are, since the beginning of 
modernity with the building of the modern world system in the early 
sixteenth century, global relations and processes, fl ows of goods, 
exchange and communication that are part of the building of the sys-
tem of modern capitalism. Topological metaphors, for example, of 
coastal cities as nodes in global networks, do not show the systemic 
nature of the global processes and their causality.   

   3.     In the twenty-fi rst century, coasts as the territorial parts of modern society 
that are most vulnerable to climate change gain new importance in the 
ecological discourse and in environmental governance.  Climate change 
cannot be reduced to natural processes and its description as environ-
mental change is inexact. It is a change in which society and nature 
change simultaneously, in complicated interaction, structured through 
the modern economic world system. Th is system followed in its his-
tory the logic of expansion through conquering of new territories and 
colonisation. Today, expansion has become economic growth, capital 
accumulation, and neoliberal globalisation. Th e social and economic 
structures and defi cits of this system and the maladaptation of modern 
capitalist society to its natural environment cause societal crises in 
which social and natural disasters are blended.     

 What appears for the people at the coast as natural disasters through 
climate change appears in the perspective of the modern capitalist sys-
tem as an economic disaster of investment, as disinvestment and blocked 
growth. Climate change enforces ever larger protective activities, defensive 
costs of protection, and the reorganisation of the accumulation process. 
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Defensive costs for the repair of environmental damages and restoration 
of ecosystems are since longer seen as indicators that economic growth 
happens in a vicious circle of resource use and pollution and is slow-
ing down in the long run, when the global economic system reaches the 
global limits to growth. Th e socio-economic crisis is not a consequence 
of the normal, periodical crises of accumulation and economic reproduc-
tion of modern capitalism. It shows a dysfunctionality of modern soci-
ety at higher levels of organisation, including malfunctioning interaction 
between SES; it can be the beginning of involuntary transformation of 
the modern society. Th is transformation can include the biggest migra-
tion and resettlement processes in history, processes of disinvestment, 
devaluation of capital, destruction of physical capital and infrastructure, 
and violent processes with wars and civil wars. 

  Th e empirical research on coastal and marine management and develop-
ment in Europe  shows that many problems of environmental and trans-
formative governance are unsolved and wait for solutions in future, under 
higher problem- and time-pressure.

    1.     Coastal development: 

 –     Integrated coastal zone management  (ICZM; see Appendix) has been 
practised in Europe since 1996 and in other continents still longer. 
Th is approach with few and vague principles was not eff ective to 
deal with the consequences of social-ecological change. Th e EU 
policy of ICZM has failed, to a large degree, because of neglect of 
new scientifi c research and failed attempts of learning ways towards 
transitions to sustainability (McFadden  2007 ; McKenna et  al. 
 2008 ). With the new initiative of marine spatial planning no signifi -
cant change and renewal happens, more a broadening of conven-
tional management and planning practices from the land to the sea.  

 –    Th e Common Fisheries Policy of the EU  achieved little success in con-
verting top-down governance and implementing fi sheries co- 
management in eff orts to control overfi shing. After more than 
twenty years of experimenting with cooperation and participation 
(McCay and Jentoft  1996 ; Symes  2006 ; Coers et al.  2012 ), the fur-
ther development of co-management is unclear, rather expected 
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through infl uence of the ideas of adaptive governance and sustain-
able resource management (Linke and Bruckmeier  2015 ). 
Participatory management in marine protected areas is studied in 
few case studies only (for example Vasconcelos et  al.  2013 ); the 
debate about  diff erent understandings of the purposes of protection 
continues (see below).  

 –    Adaptive management in coastal fi sheries  has, in Europe and else-
where, brought few successful examples (Walters  2007 ). In coastal 
areas, adaptive management could be adopted for the management 
of water- and land-based resources. But the experience with its 
introduction showed that it did not spread rapidly and easily, also 
not with newer improvements (see Chap.   6    ).  

 –    Coastal confl ict management  is badly supported from governmental 
institutions and shows big defi cits, as well as in the framework of 
ICZM, as in other approaches (Bruckmeier  2014 ; Stepanova  2015 ). 
Th e spreading of newer approaches, for example, confl ict media-
tion, is a slow and diffi  cult process, the necessity of confl ict mitiga-
tion itself disputed in coastal research.  

 –    Ecosystem-based management  in coastal areas and in fi sheries man-
agement, intensively discussed in the USA, is not widespread in 
Europe. Th e majority of European fi sheries is still based on single- 
species assessment and ignores, according to Mollmann et  al. 
( 2013 ), the wider ecosystem context. Th ese authors studied the 
situation in the Baltic Sea; they identify as a reason for the slow 
progress of ecosystem-based management the lack of a coherent 
strategy, although integrated ecosystem assessments off er such a 
strategy.      

   2.     Marine governance : 
 In the broader discussion of protection and management of marine 
areas and resources, four models of management have been found to 
describe the practices: government protected areas, private protected 
areas, co-managed protected areas, and community conserved areas 
(Borrini-Feyerabend et al.  2006 ). Th e question of eff ectively combin-
ing protection and (sustainable) use of resources is, after repeated dis-
cussion (for example Noel and Weigel  2007 ), still controversial. Its 
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clarifi cation would be decisive for advances in the processes of ecosys-
tem-based and sustainable resource management. Additionally, pro-
tected areas are disputed whether they help to resolve confl icts and to 
integrate the interests of stakeholders. Recent debates confi rm that 
designation of protected areas evokes new confl icts when trying to 
solve other ones. Gaines et  al. ( 2010 : 18251) summarise the trends 
observed in research on marine reserves: the ideas of reserves, ecosys-
tem-based management, and marine spatial planning spread, but the 
consequences remain unclear. Th ere is not yet a breakthrough to 
social-ecological transformation, although the protection processes 
become more complex; they are broadening beyond single reserves 
and ecological components to reserve networks and taking into 
account socio-economic factors and impacts. Th e networking of pro-
tected areas results in large areas for marine management (LAMM), 
for example, seascapes, marine ecoregions, large marine ecosystems, 
regional seas, integrated coastal management, all of which relate to 
coast-adjacent areas (Bensted- Smith and Kirkman  2010 ). Social com-
plexity implies to take into account in marine protected areas what is 
often neglected in the design and management of protected terrestrial 
areas: the role of people, of local users of the area, and potential con-
fl icts between conservation and resource use (Andrew-Essien and 
Bisong  2009 ).   

   3.     Th e development of climate policy for coastal areas in Europe:  
 Th e policy and legislative documents of the EU follow to a large degree 
the principles and ideas found in the IPCC reports, highlighting the 
economic importance of European coasts, the potential damages and 
income losses through climate change, and the high population den-
sity in coastal areas where 30 % of the European population lives at the 
coast: not more than 50 kilometres away from the coastline. In all poli-
cies and strategies in coastal areas, the EU follows similar principles of 
integration and coordination: with ICZM that is still applied although 
it was not successful, and the Water Framework Directive, the Floods 
Directive, or the Marine Strategy Framework Directive that aims to 
achieve good environmental status of European marine waters by 
2020. Th e policy programmes, the legal instruments, and the research 
and development projects in coastal areas supported by the EU follow 
the overarching principles and goals of sustainable development. 
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Nevertheless, the European coastal areas are not on the way towards 
sustainability, which can also be seen from the data published by the 
EU that confi rm growing risk and vulnerability, threatening of coast 
through erosion and fl ooding.    

  Th e empirical research and the policy discourse show that the ways 
to transform coastal and marine SES to sustainable systems need to be 
found in the future, with knowledge practices that include research and 
others. More important become the combinations of diff erent knowledge 
practices in governance processes—transdisciplinary research, experiment-
ing, simulating, modelling, envisioning, and others. Th e problems to deal 
with in transitions to sustainability—reducing the environmental impact 
per unit of economic activity, lowering the worldwide rate of economic 
growth, and addressing global income inequality (Stutz 2009, 49)—are 
not yet specifi ed in governance forms. Th ese goals are “heroic abstractions” 
and nearly utopian formulations, derived from an inexact diagnosis of 
present trends of global social change. To deal with these problems requires 
signifi cant changes in coastal, marine, and climate change management. 

  Rebuilding coastal management:  Renewing coastal management in 
the perspective of transitions to sustainability requires fi rst of all bet-
ter connection and integration between diff erent territorial and sectoral 
approaches in environmental governance. Terrestrial, coastal, and marine 
management need to be spatially connected, the management of cli-
mate change and sustainability policies thematically. Climate change is 
a major challenge in coastal areas that cannot be left to the particularism 
of national environmental policies. Th e policy and management institu-
tions at national and international levels, necessary for integrated policies 
and global governance, have not yet developed mechanisms supporting 
social-ecological transformation. Governance of climate change implies 
adaptation in the sense of resilience and, beyond that, governance of 
transitions to sustainability. Th e connection of the two processes requires 
learning and correcting failures of past policies and a change in gover-
nance beyond these forms inbuilt in the policy process as routines: a 
struggle for new political orders and hegemonic constellations that are 
not programmed from the economic power relations in the modern 
world system.
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 –    Climate change, resilience, and sustainability should be seen as con-
fl icting issues that require transformation of political institutions 
and cannot be left to specialised governmental organisations 
 coordinated in top-down management. Th e new organisational 
model for integrated administrative systems for coastal manage-
ment has not yet been found with ICZM. Much more than tempo-
rary, task force and project organisation will be required. It seems 
time to leave the older ideas of ICZM and fi nd more knowledge-
based approaches that support transformative governance.  

 –   Governance of climate change and sustainability cannot be based 
on some normative policy principles in the sense of panaceas, trying 
to address all environmental problems with one simplifi ed approach. 
Social-ecological research as that of Ostrom et al., discussed in pre-
ceding chapters, showed the problems with panaceas, opting for the 
networking and nesting of many and diff erent local management 
approaches. Th is is still thought in a narrow perspective of manage-
ment and needs to be elaborated for higher-order governance 
processes.    

 In climate and sustainability, governance developed only same man-
agement principles during the past three decades that can become ele-
ments of future strategies:

 –    Environmental governance in multi-scales policies  
 –   Mitigation of confl icts between resource users about unequal access 

to and distribution of resources, confl icts within and between coun-
tries (“ecological distribution confl icts”: Martinez-Alier)  

 –   Opening and broadening of strategies for resource management, 
beyond policy instruments, to connect managed and non-managed 
processes of social-ecological change.    

 Various diffi  culties and hindrances in the processes of integrating and 
broadening policies and governance can be envisaged:

    1.     Climate change is not the only problem that needs to be dealt with in 
environmental governance.  Reducing global governance to climate gov-
ernance is another dead end that implies reducing the transition to 
sustainability to managing climate-related resilience and disasters, as 
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argued in some forms of resilience research and practice. Ideas of creat-
ing resilience as a form of or instead of sustainability are misleading 
and neglect the challenges of societal transformation and social- 
ecological regulation that sustainability implies. Climate change adap-
tation should not be used to level down environmental governance to 
resilience. Not merging, but connecting analyses of resilience, climate 
change, and sustainability as specifi c fi elds of knowledge production 
for interdisciplinary knowledge syntheses opens possibilities to develop 
workable forms of sustainable resource management. How far this 
reformulation has advanced can be seen in the debates about global 
environmental governance with regard to climate change adaptation. 
Deere-Birkbeck ( 2009 ) summarises the debates as requiring strategies 
to deal with interlocking environmental risks (environmental disrup-
tions and disasters that exacerbate social vulnerabilities). Solutions to 
the risks need to be politically and legally feasible, ethically acceptable, 
publically discussed, and democratically legitimised. Similarly, 
Bernstein formulated some requirements of new legitimacy as social 
acceptance and justifi cation of shared rules for the global community 
to achieve new policies for knowledge production and application, for 
fi nancing, development, and security.   

   2.     Th e ideas of global environmental governance to adapt to climate change  
in the global governance discourse (Biermann  2004 ; Bernstein  2005 ; 
Deere-Birkbeck  2009 ) show that important requirements for earth sys-
tem governance are not yet realised. Improvements need to happen in 
future, under deteriorating conditions and with more or less resistance 
to be expected. Among the improvements that are insuffi  ciently dis-
cussed and underestimated is that of interdisciplinary knowledge syn-
thesis, of knowledge and burden-sharing in the regulation of global 
change. Global governance develops under the auspices of economic 
globalisation, which explains to some degree the distorting infl uence of 
neoliberal policies of deregulation and market-oriented policy reforms 
on the climate and sustainability discourses. New and improved forms 
of participation that can be described as “multilevel democracy”, where 
citizen are actively included in decision-making at local community 
level, in national and international politics, are diffi  cult to develop 
under conditions of de-politicising and de- democratising policy 
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reforms under neoliberalism. At least in the initial phase of changing 
global governance, it is necessary to work with weak, temporary, and 
informal forms of participation and local power sharing, without 
strong, democratically legitimised legislative and regulatory powers at 
international levels.   

   3.     New forms of environmental governance  need to deal with multi-scale 
problems and confl icts, with insecurity, risks, and disasters, with redis-
tribution and sharing of resources. Creating democratic legitimation 
for institutional changes and long-term transformative agency are the 
power-, knowledge- and resource-related problems to deal with. Th e 
accumulation of scientifi c knowledge will not be suffi  cient to trans-
form societal and economic systems. Assumptions of the kind “global 
problems require global management institutions” are misleading the 
sustainability process when solutions are sought through the building 
of centralised institutions. Th e reduction of governance to normative 
principles of the kind of ecological citizenship, environmental justice, 
environmental democracy, and new normative orders is also mislead-
ing when these principles are not connected with mechanisms to 
transform the policy processes and the processes that maintain the eco-
nomic world system. Sustainable resource management in multi-scale 
processes and transitions to sustainability requires more and other 
forms of interdisciplinary knowledge synthesis, knowledge practices, 
power sharing, and changing power asymmetries in the political and 
economic systems. In the sociological debates of actor-network theory, 
risk society, and refl exive modernisation, such concepts as “sub- 
politics” (Beck), “existential politics” (Giddens), and “parliament of 
things” (Latour) show more lack of clarity than principles of new envi-
ronmental governance that can be realised through institutional 
reforms. Off e ( 2009 ) argued in the review of the governance concept 
that governance develops in areas, where governments alone cannot 
act, or not act successfully, where cooperation of governments, non- 
governmental actors, private corporations, and civil society actors is 
required. Th is is the situation in environmental policy where the com-
munication barriers between science and policy are discussed more 
intensively in the last years in ecological and social-scientifi c environ-
mental research.     
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 For coastal development, climate change adaptation, natural resource 
management and sustainable development, and the overarching concepts 
of governance of transformation or transformative agency are discussed 
in ecological and social-ecological research. Th eoretical debates of social- 
ecological transformation and regulation (Becker and Jahn  2006 ; Fischer- 
Kowalski and Rotmans 2008; Brunnengräber  2009 ; Chapin et al. 2011; 
Brand  2015b ) are the basis for the development of ideas of transforma-
tive governance. Th e ideas of social-ecological transformation and trans-
formative agency reached the agendas of governmental policies in several 
countries (for Germany, see WBGU 2011) and are discussed everywhere 
in science and policy (Pereira et al.  2015 ). New ideas for reformulating 
strategies of sustainable development come with the transfer of trans-
formation research into approaches of “governance for social-ecological 
change” (Siebenhüner et  al.  2013 ). In addition to more conventional 
ecological debates of transformative agency and adaptive governance 
(Westley et al.  2013 , see Chap.   6    ), the social-ecological debate generates 
ideas for the analysis of long-term policy problems and for use in partici-
patory policy, knowledge integration, and joint learning. 

 Governance of transformation, to achieve a future sustainable society, 
is confronted with a series of diffi  culties. A debate about ways of achiev-
ing global transformative governance and agency unfolds with the fol-
lowing points:

    1.     Sustainability paradoxes:  Sustainable development seems a contradic-
tion in itself, a non-growing economy, impossible in the modern world 
system and the industrial society. Sustainability policies exist mainly in 
national programmes for sustainable development, but how to achieve 
global sustainability from the heterogeneous and often badly working 
programmes is unclear. One does not know what can happen in the 
future, but acts as if one would know what can happen. Th e manage-
ment of complex SES is seen as impossible, but continuously pro-
grammes and strategies for ecosystem-based management are discussed 
and newer ecological research is working with the paradigm of com-
plex adaptive systems; in ecological resilience research, the future- 
oriented action is described as planning for that which cannot be 
planned. Th e future society that will develop through social-ecological 
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transformation is unknown, but transformation needs to be initiated 
with some ideas about this future society. Research cannot improve 
much the “informed guesses” about future development and change. 
Th e near future of the coming decades seems rather clear, overshad-
owed by the rapidly increasing global environmental change and social 
confl icts. Th e distant future is not foreseeable, not with the construc-
tion of global scenarios and other methods. Whether the new gover-
nance processes discussed and constructed with the ideas of cooperation, 
experimenting, joint learning, preparing for disturbance, adaptive 
governance, with elements of anticipation, refl ection, planning, and 
replanning, are fulfi lling the expectations to construct the future is 
insecure. Th e ways into the future are paved through trial-and-error 
processes and many of the new governance ideas are not yet 
practised.   

   2.     Global transformative governance develops with knowledge from ecologi-
cal and social-scientifi c research,  in attempts to cope with complex envi-
ronmental problems and to proceed towards global sustainability 
through multi-scale policies. Th ese policies include combined local, 
national, and global action strategies for which multiple interests and 
diff erent views and constructions of the environmental problems or 
their solutions need to be discussed, negotiated, and matched. Th e 
rebuilding of environmental governance works better in bottom-up 
processes of networking and nesting local policies and management 
practices than in top-down approaches of coordination and gover-
nance that tend to fall back in default options for standardisation, 
centralised coordination, and abbreviation of necessary knowledge 
integration in such forms as found in climate adaptation research and 
policy. Th ere is no historical experience with such problems as how to 
achieve global sustainability. Global transformative governance needs 
to develop from knowledge and experience gained in the sustainability 
process, from experimenting, and learning how to build more com-
plex, multi-scale governance approaches; it requires indirect manage-
ment approaches for social-ecological processes that cannot be 
managed and changed directly through political decisions. 
Transformative governance is higher-order governance. Ideas for the 
management of change described in organisational research (Anderson 
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and Ackerman  2010 ) do not cover the necessities of change in trans-
formations of SES, and are useful only at the level of individual organ-
isations participating in the process. Further, principles of 
transformative agency described in ecological research on resilience 
and adaptive management are of limited use as well. Th is research, 
discussed in preceding chapters, tends to bypass the complicated trans-
lation of scientifi c knowledge about SES-dynamics to knowledge for 
governance. It works with quickly formulated ideas that can easily be 
rejected through further discussion. Some ideas emerge from empirical 
research, some from reacting to broader governance debates, but they 
do not foster a consolidation of research and new forms of governance, 
rather support governance practices of muddling through. What 
unfolds with the critical social-ecological debates of transformation is 
another view of governance processes and practices in the meaning of 
higher-order governance or regulation of governance (Brunnengräber 
et al.  2008 ; Brand  2015a ,  b ). Some preconditions for such governance 
are formulated in research on environmental governance:

 –     Political framing strategies to develop new institutions:  Not coordi-
nating existing institutions but building transformative capacity at 
diff erent levels of policies is the main requirement of social-ecolog-
ical transformation. To initiate such systemic changes in politics 
and in the economic system, possibilities to control and regulate 
the disembedded markets need to be explored. Neoliberal environ-
mental governance, also with its negative social consequences that 
reinforce inequality, tends to develop from governance through 
deregulated markets to more authoritarian political forms of gover-
nance that reinforce the power asymmetries in global economy and 
politics.  

 –    A long-time perspective of several generations  is required for transi-
tions to sustainability, to establish phased processes of transforma-
tion with the constitutive components of  managed change  
(transformative governance, including changes of political power 
structures), of  non-manageable change  (“indirect management” of 
autonomous social and ecological processes), and of  social-ecological 
regulation  (higher-order governance or regulation of governance) in 
temporally structured processes with many phases and knowledge 
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feedback where progress in change can be monitored and 
measured.  

 –    Multi-scale approaches for the networking and nesting of institutions 
and for connecting the governance processes at various levels.  Th e levels 
and scales of processes in social and ecological systems are variable 
and changing and cannot be derived from institutional characteris-
tics of established political systems, and not from physical charac-
teristics of ecosystems; this has been discussed in geography 
(Lefebvre  1991 ; Brenner  2000 ) and ecology (Reid et al.  2005 ), with 
the consequences that politics of scale in transformative governance 
cannot be simple processes of integrating or coordinating processes 
and institutions at several—local, regional national, international, 
global—levels in political systems. Multi-scale governance is more 
complex governance of  continued rescaling and reconnecting scales . 
Coordination of multi-scale management systems requires global 
coordination of policies, without hierarchical and linear top-down 
processes; such coordination can be eff ective to the degree that suc-
cessful strategies at lower levels can be networked and several inte-
grative mechanisms reinforce and control each other.  

 –    Combining and synthesising of knowledge from diff erent fi elds of 
research  requires criteria for the knowledge use and critical assess-
ment of the ecological and economic knowledge that is so far priori-
tised in global climate policy. Knowledge syntheses for transformative 
governance imply several components, knowledge about coupling 
and interaction of SES, analyses of vulnerability, resilience, and sus-
tainability, and knowledge about mitigation of resource use con-
fl icts. Th e syntheses of scientifi c knowledge support the creation of 
new knowledge practices and the use of theoretical knowledge from 
social-ecological theory to reconstruct the systemic structures of 
SES and compensate the limits of empirical research.      

   3.     Higher-order governance, multi-scale governance, and knowledge-based 
strategies  working with interdisciplinary knowledge syntheses are basic 
principles of transformative agency and governance. With them appear 
the knowledge- and power-related problems so far ignored in the 
debates about coordinating, integrating, networking, and nesting 
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environmental governance across several scales of societal and ecologi-
cal systems. Transformative governance is a combination of many 
activities and political programmes, of technological, social, and eco-
logical strategies, of capacity building and knowledge integration, of 
policy reforms, and restructuring of power relations. All that cannot be 
organised in one globally coordinated top-down approach of gover-
nance or in a hierarchy of command-and-control, but requires a vari-
ety of nationally and locally adapted and diff erentiated policies. 
Transformative governance, where diff erent perspectives and contra-
dicting views and interests need to be integrated, develops through 
networking and “soft coupling” of processes that include the following 
components:

 –     Creating redundancy and anchoring governance mechanisms in many 
social and ecological processes:  Th is implies the development of mul-
tifunctional management mechanisms, overlapping management 
systems, polycentric, nested, and networked governance systems 
that are described in research on environmental management and 
governance (some elements developed in Ostrom’s research:  2007 , 
 2009 ). In ecological research as in governance research, simple ideas 
about integrating and managing complex and interacting systems 
need to be criticised and developed further. Ecosystem-based man-
agement is, for example, based on the assumption that social and 
political scales of action and decision-making can be adapted to 
ecological scales, without further discussion of the problems of scal-
ing and rescaling social and political action. Other forms of reduc-
tionism can be observed in the global governance debate when 
rescaling of governance is reduced to political problems of power 
sharing and global coordination, neglecting other aspects of inte-
gration: knowledge exchange, deliberation and syntheses, restruc-
turing of power relations through institutional reforms, and 
connecting governance to the self-regulation of ecosystems.  

 –    Matching of social, economic, and ecological requirements of sustain-
ability and sharing of knowledge, power, and responsibility  at several 
levels, between diff erent managerial and political institutions, and 
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between many actors are necessary—but do not necessarily generate 
capacities of transformative governance. Th e process can temporar-
ily fail because of the many diffi  culties involved that cannot be 
solved with old management principles. Th e scaling and rescaling of 
governance processes implies the identifi cation of actors in many 
diff erent political arenas and spheres of collective action. Actors in 
transformative governance include far more than the politically and 
formally legitimised political actors—governmental organisations, 
international institutions, political parties, and co-opted non- 
governmental actors in the policy processes. With the broadening of 
management perspectives, with participatory management and co- 
optation, it becomes necessary to decide which actors should par-
ticipate in which governance processes, and who should be excluded. 
But who can decide about that, with which criteria?        

 Since Selznick’s ( 1949 ) classical study of water- and land-related poli-
cies of the “Tennessee Valley Authority and the grassroots”, the forms and 
processes of power sharing, participation, and co-optation are continually 
discussed and disputed, broadened, and modifi ed. What Selznick ( 1949 ) 
and Gamson (1968) observed, power asymmetries, emergence of risks 
and confl icts at community levels, may be core phenomena to motivate 
participation and co-optation, but do hardly explain management prac-
tices, their success and failure. What transformative governance has to 
add to earlier experiences and learning about the processes of institu-
tional change can be described as second-order governance beyond top- 
down command-and-control management (changes of indicators and 
settings in the governance process: Spangenberg  2008 ; Noteboom and 
Marks  2010 ), and third-order governance (changes of policy and gover-
nance paradigms: Hall  2011 ).  

    Conclusions: The Future of Coastal Governance 
in a Sustainability Perspective 

 Th e discussion of coastal development and climate change policies is an 
exemplary theme in the work with and the application of social- ecological 
theory for analyses of transformation to sustainability. Further themes 
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and fi elds of research could be discussed in similar ways: rural develop-
ment and food production (for Europe, see, for example Dwyer  2013 ; 
Rutz et al.  2014 ), global land use change (for example Klein Goldewijk 
 2001 ), and global urbanisation (Birch and Wachter  2011 ). 

 Th e integration of local and regional governance systems in networks 
of managed areas tends to become diffi  cult with the integration of large 
areas, countries, continents, and oceans. But the focus on the managerial 
problems of coordination, integration, and control directs the eff orts of 
coastal governance away from the search for transformation paths and 
transition to global sustainability. Strategies for adaptation to global envi-
ronmental change tend to become managed, decline and retreat when 
no further development perspective is created for coastal areas through 
sustainable development and social-ecological transformation. Social- 
ecological transformation is not a single strategy but a continuous process 
of developing transformative literacy, agency, and governance at many 
places and in many forms. Interdisciplinary knowledge syntheses in social 
ecology and the social-ecological theory can only be used as knowledge 
compasses to approach the goal of transformation to sustainability. 

 Th e complicated situation and the lack of strategies for social- 
ecological regulation and transformation at the beginning of the long 
process of transformation to sustainability do not justify giving up the 
idea of sustainability in the policy process. Concentrating instead on 
adaptation, resilience, and disaster management does not touch the core 
and the cause of global environmental change, economic growth, and the 
capitalist accumulation process that undermine the long-term develop-
ment of SES. Th e way towards new interdisciplinary knowledge produc-
tion and synthesis begins with the refl ection of the defi cits of present 
management practices and attempts to deal with uncertainty and lack of 
knowledge. Th e ideas of joint, social learning and cooperation of scien-
tists and  practitioners discussed in adaptive management and governance 
do not say all what is required to achieve sustainability; they can become 
misleading when the aim of sustainability is not clarifi ed and remains a 
vague principle. Joint learning and cooperation of actors in participa-
tory management as components of governance suff er from the idealistic 
premises of earlier participation debates. Transformation to sustainabil-
ity implies diffi  cult forms of learning—learning to use knowledge from 
diff erent sources to solve confl icts, share power and cooperate, and to 
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deal with vested interests and more complicated forms of refl exive learn-
ing, for example, double-loop learning (Argyris) as an experience-based 
change of methods and goals. Such forms of learning have been discussed 
for single organisations, but hardly in complex systems and contexts of 
multi-scale governance and transformation of SES. 

 Main ideas about further learning and capacity building for transfor-
mative agency and sustainability that can be learned from the experiences 
with climate change policy and coastal management are connected with 
further conditions of improving governance:

    (1)     Clarifying the requirements of transformation in the sustainability pro-
cess:  A precondition for that is that the interaction between social and 
ecological systems to be governed in the sustainability process can be 
clarifi ed with the help of knowledge, concepts, and models from 
interdisciplinary research on society and nature, especially from 
recent research in social and political ecology (Haberl et  al.  2011 ; 
Brand  2015b ).   

   (2)     Learning about the possibilities of transformation of global systems:  Such 
learning happens presently with insuffi  cient knowledge practices: in 
global scenarios for sustainable development (Raskin et al. 2010) that 
aim at a “great transition” but conceptualise this societal transforma-
tion in unrealistically simplifi ed system models and with insuffi  cient 
knowledge. Changes towards global sustainability may include cata-
strophic forms—collapse of the economic and political systems in 
diff erent parts of the world, degradation of ecosystems, and dramatic 
forms of poverty, hunger, diseases, and resource scarcity—but the 
future development is not only disaster management. Developing 
adaptive and transformative governance requires ideas described 
above (last section) as higher-order governance.   

   (3)     Converting the undermining of democratic institutions  in public policy 
processes and regaining capacities of political action, decision- 
making, and control of economic processes in transformative gover-
nance. Constitutional changes in national political systems are 
necessary to restructure power relations in national and international 
systems and to regain political control of markets that are presently 
deregulated. Institutions at international levels that have the power 
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and legitimacy to redirect and control economic development and 
resource use cannot be the institutions that were created to maintain 
the global economic order. Strategies for international redistribution 
of resources, for limitation of economic growth, and for changing the 
unequal fl ow of materials and energy in the global economy do not 
yet exist. Th ey require complicated dialogues in science, policy, and 
society to provide knowledge and ideas about systemic changes and 
the building of a new world order.   

   (4)     Th e signifi cance of theoretical knowledge about change and transforma-
tion of SES:  Th e development of a social-ecological theory of nature–
society interaction is a means to gain further clarity about 
transformation to sustainability. Th e theory can be seen as abbreviat-
ing the search for sustainability strategies and the erratic learning pro-
cesses that happen in specialised research when the knowledge and the 
results are not critically assessed and synthesised, as, for example, the 
research on ecosystem services or the research on governance falling 
apart in diff erent areas of governance and empirical policy research.          

    Appendix: The Practice of Integrated Coastal 
Zone Management in Europe 

  Th e short history and failure of ICZM in Europe:  Th e integrated policies of 
coastal development spreading since the 1980s mainly in countries of the 
Global South as reactions to environmental and resource use problems of 
coastal areas were too simple in the construction of policy  instruments to 
deal with global environmental change. Th e policies of ICZM in Europe 
had, ten years after their introduction through an experimental demon-
stration programme in 1996, failed in many countries. ICZM as a fi rst step 
towards sustainable management of natural resources in the coastal zone 
was conceptually badly developed and politically insuffi  ciently supported. 
Th e strategy did not help to prepare coastal areas for the future prob-
lems and confl icts (for further details, see: McFadden  2007 ; Bruckmeier 
 2008 ,  2012 ). Also regarding climate change adaptation the approach 
needs to be developed further. Th e diff use goals of ICZM did not initiate 
the intended process of sustainable development in coastal areas (White 
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et al.  1997 : 335). “Integration” referred to management activities for land 
resources, coastal waters, and living marine resources (OECD  1993 : 50). 
ICZM programmes created spatial connections between

 –    landward management of water resources (for which the EU enacted 
the Water Framework Directive), following an ecosystem approach, 
including river basin management and coastal waters, and  

 –   the management of the open ocean, for which eff ective interna-
tional rules and management programmes are not advanced, 
develop gradually through marine spatial planning.    

 ICZM developed through the integration of rules and resource manage-
ment systems in the coastal zone, with a vague idea of integration as trans-
sectoral integration, without clear requirements of scientifi c knowledge 
and knowledge syntheses. After the Global Environmental Conference 
in Rio de Janeiro from 1992, resulting in the global policy programme 
“Agenda 21” (where ICZM strategies were demanded in chapter 17 from 
coastal countries), the EU started a European demonstration programme 
from 1996 to 1999. After that, ICZM was introduced in EU coun-
tries with a recommendation by the European Council and Parliament 
(2002/413/EC). Th e European demonstration programme adopted an 
open approach that was never scrutinised through clear criteria and evalu-
ation, referring to practical examples and “lessons from experience”. Th e 
subsequent policy continued with a soft approach and the weak legal 
instrument of a recommendation, leaving considerable freedom to the 
member countries on how to use the principles and build their national 
strategies for ICZM. Th e following basic principles of ICZM are formu-
lated in the Recommendation 2002/413/EC from May 30, 2002:

 –    A broad thematic and geographical perspective  
 –   A long-term perspective  
 –   Adaptive management (as a gradual process of adjustment of man-

agement rules when problems or knowledge change)  
 –   Taking into account the local specifi city and the great diversity of 

European coasts (specifi c and fl exible measures)  
 –   Working with natural processes and respecting the carrying capacity 

of ecosystems  
 –   Involving all parties concerned  
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 –   Involving all relevant administrative bodies at national, regional, 
and local levels  

 –   Combining instruments to facilitate coherence between policies 
and between planning and management    

 Th e vague principles echo the debates in environmental research and 
policy with the concepts of adaptive management and the carrying capacity 
of ecosystems as ecological components, and participatory management, 
involving stakeholders and administrative bodies as governance compo-
nents of ICZM. Th e principles can be interpreted diff erently by the deci-
sion-makers and administrators applying them. Th e EU Recommendation 
should be implemented through national programmes to be prepared 
by 2006. At that time the policy was already in crisis, as the evaluation 
showed. Not all member countries with coasts had fi nished such strategies 
and the implementation slowed down, in spite of attempts to revitalise 
the process. Th e EU and still many more national governments did not 
suffi  ciently support ICZM. In March 2013, the EU Commission adopted 
a new and modifi ed proposal for a Directive to establish a framework for 
maritime spatial planning and integrated coastal management. At that 
time the idea of ICZM had already lost scientifi c and practical support, 
for several reasons. Th roughout the practice of ICZM it remained unclear 
how it connects with research, and how much and what kind of research 
is required to support, implement, and improve the approach. McFadden 
( 2007 ) saw science as  disappearing from ICZM. With intensifying coastal 
research, complex problems like climate change, and new confl icts in 
coastal resource use for which the approach was not constructed and the 
decision-makers not prepared, it appears today as outdated and as a failure. 

 Th e twenty years from the Rio conference 1992 to the “Rio+20” con-
ference mark in European coastal policy the delayed adoption, weak 
support, and practical failure of a common coastal policy. Improved 
strategies, a second generation of ICZM to strengthen sustainable devel-
opment and resource management in coastal areas and support social- 
ecological transformation, are not yet available. ICZM helped to initiate 
institutional changes, reacting to defi cits and failures in coastal manage-
ment, for example, bureaucratic segmentation of administrative sectors, 
lack of coordination, lack of effi  cient control of pollution and overuse 
of resources. Coastal managers are confronted today with more diffi  cult 

7 Climate Change and Development of Coastal Areas 329



and multi-scale problems, more stakeholder groups with changing inter-
ests, more confl icts, and recurrent disasters for which ICZM was not 
prepared. Th e approach was insuffi  ciently supported by governmental 
institutions, implemented without accompanying institutional reforms; 
how it should help to meet the challenges of sustainability and of cli-
mate change remained unclear. In the practice of coastal management did 
not develop effi  cient forms of joint learning of the actors and continu-
ous improvement, although adaptive management was among the prin-
ciples of the approach. Cooperation remained often limited to some core 
groups in political institutions, resource managers, municipal adminis-
trations, specialised coastal and marine scientists; effi  cient participation 
of resource users did not develop. Th e reform of fi sheries policy in the 
EU and attempts to establish co-management showed similar diffi  culties 
and defi cits of participatory management (Linke and Bruckmeier 2015). 

 Th e short list of ICZM principles had the quality of a bureaucratic and 
legal document where the principles were not concretised and operation-
alised to support compliance and rule enforcement. In the review and evalu-
ation processes, the real problems of practising ICZM were not suffi  ciently 
clarifi ed. Rather, the vague principles allowed the member states and the 
practitioners to interpret the rules as they found it suffi  cient to follow the 
EU policy, sometimes also to bypass the strategy with arguments of the kind 
that it has been done in other ways than a national ICZM strategy. Coastal 
research, management, and implementation of policies need to be reviewed, 
regarding the practices of knowledge generation, transfer, and application 
in research, policy formulation, and the routines of implementation. Th is 
implies to rebuild coastal management in the perspective of adaptive gover-
nance, for climate change, and for transitions to sustainability.   
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    8   
 Transformation of Industrial 

Energy Systems                     

      In this chapter, energy systems are described as components of interact-
ing SES. At Seven analyses of modern energy systems from diff erent dis-
ciplines are reviewed that help to develop an interdisciplinary theory of 
modern energy systems. Th ereafter, problems of transforming the indus-
trial energy system from fossil to renewable sources are discussed. Finally, 
practical experiences with the transformation of energy systems are 
described for two examples: development of wind power and bioenergy. 

 Schaeff er et al. ( 2011 ) discuss the consequences of climate change for 
energy systems and describe methodological problems of a new fi eld of 
specialised research: the assessment of impacts of extreme weather events 
on the energy systems and possible consequences for energy planning and 
operation. Adaptation of the industrial energy system to climate change 
is not an alternative to its transformation from a system based on fossil 
energy sources to one based on renewable sources. Emissions of carbon 
dioxide from the use of fossil energy sources are a main factor of global 
climate change and the decarbonisation of economic systems is a main 
component of the transformation of modern society to a future sustain-
able society. Th e diffi  culties of changing capital- and technology- intensive 



energy systems are not shown with their climate change  adaptation that 
happens simultaneously with the development of energy from renewable 
sources. 

    Systems Analyses of Modern Energy Systems: 
Different Perspectives 

 Environmental history, energy economics, and social ecology show the 
development of interdisciplinary forms of analyses of energy systems, 
where social-scientifi c and natural-scientifi c, empirical and theoretical 
knowledge is used to study energy systems in their social and ecological 
contexts. Th e three fi elds of research show the main factors infl uencing 
the development of modern energy systems.

    1.     Energy analyses in environmental history:  A breakthrough in interdisci-
plinary environmental history is summarised by Barca as  incorporation 
of a social perspective and of the inequality issue in historical analyses of 
energy regimes.  Such historical studies show the combinations of tech-
nical, economic, territorial, and ecological system components in 
energy regimes and their connections with property regimes, social 
inequalities, and diff erent lifestyles. In the study of the relationships 
between economy and ecology the forms of life in a society and the 
social structures of appropriation of energy sources are important 
(Barca 2011: 1311). Environmental history does not aim at develop-
ing an encompassing theory of society and nature, although various 
theories are used. Th ese theories are reframed in three variants of his-
torical energy analysis described by Barca. 

  Development of energy systems in human history:  Taking into account 
complexity theory in social, economic, and technology history, Debeir 
et al. ( 1986 ) carried out the fi rst social-ecological analysis with a theo-
retical framework of interacting social and ecological regulation pro-
cesses in the study of historical energy transitions. Th is approach is 
based on the bioeconomic research of Passet. Energy systems show the 
interdependencies between modes of production, social formations, 
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and the biosphere as the important social and ecological contexts of 
human life and social action. Energy systems include ecological and 
technological aspects of energy, connecting to the social structures and 
diff erent roles of social groups and classes in the appropriation and 
management of energy sources and conversion technologies. Th e 
dynamics of energy systems follow the logic of the social and eco-
nomic reproduction processes of the society of which they are part. 
Historical analyses show the marks of the pharaoh’s political religious 
rule, of the rule of the feudal landlord, or of the modern bourgeois 
state in energy systems. In the long historical perspective, factors driv-
ing the development of energy systems were the continually higher 
levels of technical specialisation and capital investment required for 
the use of mineral energy sources. With the industrial revolution, 
energy became a matter for investors, scientists, and engineers and an 
independent sector in the new economy. Th e social and economic 
infl uences on modern energy systems are summarised by Barca (2011: 
1311ff ) as follows: 

  Analysis of physical impacts of the human economy and its social and 
industrial metabolism in historical perspective:  Industrialisation appears 
in the analyses (by Fischer-Kowalski et al.) as changing the fl ows of 
energy and matter in SES. Th e industrial metabolism develops through 
a stepwise decoupling of the supply of energy from land-related bio-
mass and from human labour on the land. Th e energy regimes of soci-
eties shifted fi nally from tapping into fl ows of renewable energy 
towards the exploitation of fi nite stocks of fossil energy. Th ese may 
have appeared at the beginning as very large and suffi  cient for human 
use for an indefi nite time. With the transition from agricultural to 
industrial societies, the sustainability problems changed from prob-
lems of resource inputs and overexploitation of resources to output- 
related environmental impacts, habitat loss, and social inequality. Th e 
limits of resource input appear when the industrial energy resources 
are approaching their global limits. Sustainability problems of the fos-
sil energy regime, especially energy scarcity and global pollution, 
include problems of distribution, which reinforce global inequalities. 
It seems that there are not enough resources for the total human pop-
ulation to become rich through industrialisation. Th e disasters related 
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to climate change and toxic waste disposal will disproportionately 
aff ect the poor. To change this trend requires, according to Fischer- 
Kowalski et al., a new social-ecological regime with lower material and 
energy turnover per capita and a lower share of non-renewable 
resources (Barca 2011: 1313). 

  Main ideas of modern economic growth narratives:  Th ese ideas include 
the myths about modern growth-based economy—that economic 
growth can be perpetuated through increase of fossil energy consump-
tion; that environmental and social costs are negligible; and that natu-
ral resources need to become private property for their productive use. 
Such ideas continue to inform international development policies and 
late attempts of industrialisation in the system structures of modern 
capitalism. Industrialisation does not happen in environment-friendly 
forms, bringing more negative consequences for the environment, 
health, and social justice wherever it starts. As analyses of oil policies 
have shown, the environmental, health, and social costs of increased 
oil fl ows are largely absent from government policy deliberations. Th e 
unequal distribution of burdens and benefi ts of increased oil produc-
tion among countries, communities, and individuals are almost com-
pletely ignored and not discussed publicly (Barca 2011: 1314). 

 Barca analyses diff erent constructions or narratives of the industrial 
energy system. Th e competing discourses show a similar dilemma as in 
the construction of the climate discourse: what does the construction 
of diff erent energy narratives provide in terms of knowledge for the 
transformation of the industrial energy regime to a sustainable system? 
Th e social-ecological debate of energy systems, showing that sustain-
ability problems of energy systems diff er in the history of human soci-
eties, does not provide arguments that can be used in the present 
transformation debate (Krausman and Fischer-Kowalski  2010 ). Th e 
transformation of industrial energy regimes through energy from 
renewable sources does not mean to go back to older forms of wind or 
water for energy use. Th e use of renewable sources is reinvented in 
new technological forms, with technologies like electricity generation 
that were not used before in human history. For the introduction of 
renewable energy sources, more is required than historical analyses: 
theoretically underbuilt governance strategies for energy system 
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 transformation. Such strategies require knowledge from social-ecolog-
ical or political-economic systems analyses of the modern economic 
world system. Empirical knowledge and normative reasoning with 
ecological rationality is not suffi  cient to guide the transformation .    

   2.     Energy analyses in economics:  Th e modern industrial energy regime has 
been analysed critically in the perspective of biophysical economy by 
Hall and Klitgaard, who discard in their conclusion neoliberal eco-
nomics with the arguments that this thinking is not supported through 
empirical knowledge, violates the basic laws of physics, and has no 
consistent assumptions (Hall and Klitgaard  2012 : 203). Th e authors 
avoid a more critical normative reasoning and political debate of the 
ideology of neoliberalism. Th e deregulation of national economies 
during globalisation has, for most countries, not resulted in effi  ciency 
increases: all economic growth was connected with increasing rates of 
exploitation of energy and other resources. But what can be the alter-
native ideas in economics that is so strongly directed by effi  ciency 
thinking? Obviously, the answer is diffi  cult and cannot come from 
economics alone. Th e partial answer of the authors from biophysical 
economics is not a simple one; it is based on an economic model say-
ing that development and increase in wealth occur only when the ratio 
energy resources/number of people increases. Th eir main argument is 
that wealth comes from nature and the exploitation of nature, much 
less from markets or their manipulation (Hall and Klitgaard  2012 : 
204). Although not precise in the formulation of the interaction of 
nature, human labour, and technology at this point, the argument 
approaches the reasoning of critical political economy (Altvater  1991 ) 
and the more recent ecological economics (Martinez-Alier et al.  2010 ) 
and social-ecological transformation analyses (Brand  2015a ,  b ). Th e 
economic analyses of energy, as the historical analyses discussed above, 
needs to use ecological, physical, and technical knowledge in interdis-
ciplinary reasoning. 

 In spite of their critical review of most economic theories applied 
for energy economics, the theoretical and interdisciplinary broaden-
ing of economics by Hall and Klitgaard ( 2012 : 352ff ) is limited for 
the purpose of formulation strategies of transformative governance. 
Th ey do not adopt the perspectives of environmental and ecological 
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economics, but they use as knowledge base the ecological and physical 
knowledge on energy consumption in ecosystems. Th ey argue that 
humans do not diff er from other species in energy requirements and 
nutrition. Th e guiding idea of ecological economics is summarised 
thus: economists could learn from ecologists about the many ways 
that nature has learned to live within limits (Hall and Klitgaard  2012 : 
280). Th e argument seems inexact and to neglect the point made in 
human ecology by Rees and others that human resource consumption 
is not biologically fi xed but varies signifi cantly with the forms of cul-
ture, organisation, and development of human societies. Hall and 
Klitgaard describe the socio-cultural evolution of humans which 
resulted in increasing exploitation of energy and material resources 
and the growth of natural resource use beyond the biological mini-
mum and the level of population growth in affl  uent societies (Hall 
and Klitgaard  2012 : 245ff ). But their basic argument that economics 
can learn from ecology remains inexact and does not contribute much 
to the analysis of transformation of modern energy systems. It is simi-
lar to the older message of environmental movements of “learning 
from nature and following nature’s lead”. Such messages from ecology 
are insuffi  cient for understanding the interactions between ecosys-
tems, social systems, and societies. Ideas of the “good society” as a 
copy of the wisdom of nature remain socially naïve. Th e complexity of 
ecosystems and social systems needs to be shown in their interaction 
and the diff erent forms of coupling between them (see Chap.   5    ). Th e 
question insuffi  ciently answered by the authors, what economists can 
learn from ecology, connects to the more important one: does ecologi-
cal learning provide suffi  cient knowledge for the transformation of 
modern energy systems? Often the learning is limited to the form that 
Hall and Klitgaard describe as, “Th ere are alternatives to the forms of 
resource use in modern society and economy.” At this point, ecologi-
cal studies of energy fl ows in ecological systems do not help further; 
the social constraints and problems of resource use and technological 
development need to be analysed additionally to understand the 
dynamics of coupled social and ecological systems. 

 Th e high levels of energy consumption in modern human society 
require answers to the questions: What are the social consequences of 
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reducing the consumption? To which levels can or should the con-
sumption be reduced? Th e energy consumption of species in connec-
tion with food consumption is a “natural standard” for consuming, 
that is, necessary to survive, a biological minimum, varying between 
species. Th is minimum can be calculated for humans as species. With 
that calculation, one does not know more than that this level is 
exceeded considerably in all forms of human societies, throughout 
history, although in earlier phases, at much lower levels than in mod-
ern industrial society. Studying energy fl ows in ecosystems and calcu-
lations of the loss of 80–90 % of energy as heat in each transfer of 
energy from one trophic level to another (Hall and Klitgaard  2012 : 
281) gives basic information about the thermodynamics of energy use 
for maintaining the biological metabolism of the species living in an 
ecosystem. Th is information does not help to fi nd ecologically and 
socially acceptable levels of energy consumption in the societal metab-
olism of modern society. 

 Less diffi  cult to calculate and practically important in the ecological 
debate of energy consumption is the “energy return on investment” 
(EROI), the energy obtained from an activity compared to the energy 
it took to generate it (Hall and Klitgaard  2012 : 325). For the history 
of oil as fossil energy source in the industrial energy regime, it can be 
shown how the EROI was dropping during the last century and is 
very low today. Th e costs of oil production after the peak become ever 
larger for exploiting new sources, for example, in the deep sea. Th e 
global oil production is not easily calculated in EROI changes, but 
data from diff erent countries seem to tell the message the costs of 
extracting and converting oil into energy are much higher than the 
value of the energy gained for use. Th e EROI becomes important in 
the comparison of diff erent energy sources used in human society and 
for the development of “green” energy forms. Regarding modern agri-
cultural systems, their energy problem is that they have become main 
consumers of energy in diff erent forms of water, oil, and other fuels 
for use of machines and production of synthetic fertilisers that show 
negative ratios of energy input and output. Th ese agricultural systems 
should now become, beside food producers, also producers of 
 bioenergy that help to transform modern energy systems—in 
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extremely contradicting and controversial forms as the discussion 
below shows.   

   3.     Energy analyses in social ecology:  To develop a more systematic, theory- 
based analysis of transitions to sustainability implies intensive discus-
sion of methods and knowledge practices to bring the sustainability 
debates away from simple normative and vision-based political ideas. 
Social-ecological research can help to formulate new strategies for 
energy transition as Fischer-Kowalski et al. ( 2012 ) show with the fol-
lowing arguments. 

 Th e socio-metabolic approach to transition argues that the appro-
priate unit of analysis to investigate social-ecological transitions in 
society is the socio-metabolic system or regime that connects social 
and ecological factors in natural resource use (see description in Chap. 
  4    ). Social- ecological transitions are transitions between socio-meta-
bolic regimes that are rooted in the energy system of a society, includ-
ing the sources and dominant conversion technologies of energy. 
Depending on the reasons and causes for and the speed of an energy 
transition, parts of the system may at a certain point in time be under 
diff erent energy regimes: urban industrialised centres, for instance, 
may coexist with traditional agricultural communities, or industri-
alised countries with agrarian colonies. Such asynchronicity infl uences 
the course of transitions in the many countries of the modern world 
system. Th e socio-metabolic approach shares with complex systems 
theory the notion of emergence: one state cannot be deliberately 
transformed into another and the process cannot be fully controlled. 
Th e complexity of SES with self-organising dynamics such as meta-
bolic regimes limits the possibilities of managerial governance by 
social or political institutions. Transitions may last for generations and 
it is diffi  cult to identify the driving factors of socio-metabolic regime 
transitions over so long time; these factors may be changing. Diffi  cult 
is also the assessment of the signifi cance of conscious decisions by 
social actors and their collective eff orts; the actor constellations change 
in unforeseeable ways in the long run of the transition processes. What 
can be analysed mainly are processes of structural change of coupled 
social and ecological systems with many variables. Th e socio- metabolic 
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approach uses a relatively narrow set of these variables describing the 
society–nature interface for which reliable quantitative measurements 
can be obtained in diff erent contexts. Th e approach can show empiri-
cally the interconnectedness of socio-economic changes and changes 
in ecological systems (including, e.g. population growth, diets, land 
use, and species extinction) and generate models for important bio-
physical requirements for the perpetuation of SES. When an energy 
regime changes, society and its metabolism change as well, as the eco-
logical systems it interacts with changes. In such complex changes, it 
is at least possible to diff erentiate, with regard to social action and 
actors, between unintended consequences (such as resource exhaus-
tion or pollution) and intentional change induced by society such as 
land use (Fischer-Kowalski et al.  2012 : 24f ).     

  With the question, what drives socio-metabolic regime transitions, the 
analysis of transformation to sustainability is redirected from policy and gov-
ernance analysis to broader approaches and long-term change with diff erent 
and varying constellations of multi-scale and multi-actor processes.  Th e deci-
sive point is that transitions include many interconnected processes and 
self-organising dynamics that cannot be fully controlled, where gover-
nance does not work. It seems that this point requires further elaboration 
in social ecological theory, beyond the reasoning with complex systems 
theory and emergence that are of formal kind and descriptive. What 
needs to be elaborated in a theory of social-ecological transformation is 
the social and ecological complexity of long transformation processes that 
require interdisciplinary knowledge syntheses, with explanatory compo-
nents from systems analyses in sociology, economy, political economy, 
ecology. Structural change is one way to describe the broader transfor-
mation process beyond governance, but there are further processes of 
long-term change and other theoretical concepts to be used in complex 
processes of societal transformation: modes of production, world systems, 
complex social-ecological dynamics including Promethean revolutions, 
ruptures of path-dependence, social-ecological regulation of transforma-
tion of SES, and self-regulation of ecosystems. 
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 Comparing the energy analyses in environmental history, energy 
economics, and social ecology reviewed above, two approaches are 
 theoretically advanced and specifi ed for analyses of energy transitions in 
the history of human societies: that of Debeir et al. ( 1986 ), and the social 
ecological approach by Fischer-Kowalski et al. ( 2012 ), both discussed in 
the comparative analysis of Barca. In both approaches, the analysis of 
modes of production is important to understand the transformation of 
energy systems and societies. Th e analysis of modes of production con-
nects social ecology to political-economic analyses that are transferred 
by Fischer-Kowalski et  al. in the concepts of societal metabolism and 
socio-metabolic regimes. Th e social-ecological theory recognises the sig-
nifi cance of energy systems in social-ecological transformation and shows 
connections between global change, transformation of energy systems, 
and societal transformation to sustainability. 

 In the following sections, more detailed analyses are carried out to iden-
tify possibilities and pathways of transforming the industrial energy sys-
tem through the use of new energy sources of wind power and bioenergy. 
Th e analyses show that the transformation process is not continuously 
progressing but is full of disputes, confl icts, contradictions, and interrup-
tions and is redirected with new knowledge. In the processes of transform-
ing energy systems struggle two logics of development with each other:

 –    Th at of maintaining the industrial energy system through a recom-
bination and diversifi cation of the energy mix, for which the use of 
renewable energy source seems a technically feasible and economi-
cally profi table solution  

 –   Th e logic of a transformation of the energy system to a new, non- 
industrial, and ecologically sustainable system     

    Problems of Transformation of Energy Systems 

 Social-ecological analyses of the industrial metabolism show how eco-
nomic growth and high levels of energy use together are driving eco-
nomic development. Th e decisive diff erence to older energy regimes in 
human history is visible in
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 –    the high level of technology required, and  
 –   the high levels of per-capita consumption of material and energy 

resources in modern society in comparison to all earlier ones (see 
Fischer-Kowalski et al.  1997 ).    

 From this high per-capita input of resources, the largest part is energy. 
Given these facts, it is evident that modern energy regimes need to solve 
one main problem: how to provide and maintain continuous access to 
cheap energy for large numbers of consumers. Th is is not a consequence 
of modern energy conversion technologies alone and cannot be achieved 
through technical innovations; it becomes possible through a combina-
tion of various technical, economic, and social factors in the organisa-
tion of accumulation regimes in modern industrial society. Th e reserves 
of fossil energy resources seemed at the beginning of industrialisation 
practically unlimited and never exhausted through human consumption. 
Only few scientists could imagine that fossil energy sources ever could be 
used up completely. 

 Rapid and exponential global population growth, growth of private 
consumption (mass consumption), economic growth, accelerated urban-
isation, and technical modernisation of lifestyles could not be foreseen 
at the beginning of industrialisation in European countries that indus-
trialised fi rst. Th roughout the nineteenth century, industrialisation was 
experienced as generating misery and poverty, hunger, and unhealthy con-
ditions of life in the industrial cities. High levels of mass consumption 
became possible relatively late in industrial countries, in the twentieth 
century, in the short period of the modern welfare state, of the Fordist 
accumulation regime, and of Keynesian economic policies. Cheap energy 
was and is primarily a problem of the combination of technology, capital, 
and cheap labour in the accumulations regimes. Th e Fordist accumulation 
regime with the assembly line and mass production of cars was the histori-
cal paradigm of such a solution. To repeat its success under worsening eco-
nomic and ecological conditions, only with new technologies, is unlikely. 
Th e approaching of physical limits to growth in the second half of the 
twentieth century was one of the reasons for the crisis and end of Fordism. 
New accumulation regimes need to realise under worse conditions, with 
less energy resources available and deteriorating environmental quality, 
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the access to cheap energy. Th is happens in a vicious circle of development 
maintained through growth, in which most hope is—unrealistically—set 
in technological innovations as the so-called fourth industrial revolution. 

 Krausman and Fischer-Kowalski ( 2010 : 24) follow a social- ecological 
knowledge perspective in analysing the transformation of the present 
industrial energy regime and the national energy systems in diff erent 
countries to identify new forms of sustainable energy systems. Th e energy 
futures are not given as possibilities to choose freely between combina-
tions of energy sources, the combinations of energy sources in a socio- 
metabolic regime are determined by the mode of production, and only 
within the boundaries of this systemic structuring through additional 
factors as knowledge and technologies of energy conversion. Reviewing 
knowledge about energy systems and their transformation in human 
history and society, the authors have come to the following conclusion: 
a historical perspective and historical knowledge does not give clear 
answers in the sense of giving technical examples for sustainable energy 
systems that can be repeated in diff erent modes of production or societ-
ies. But comparison of energy systems from diff erent historical epochs 
provides important insights about the dependence of energy regimes 
from the socio-metabolic profi le of a society that includes further factors. 
Th e global sustainability problems of the modern economic world system 
are to be taken into account in developing transformation strategies that 
reach across diff erent scales (see Chap.   4     and Fischer-Kowalski  2007 ). For 
the modern industrial energy system, the high demand of materials and 
energy is caused by the complex systemic structure of industrial societ-
ies with large technical systems and the capitalist growth-based mode of 
production: this system driven by growth of energy consumption and 
economic growth prevents ecologically rational strategies of energy sav-
ing. Energy savings decided individually by consumers are not suffi  cient 
to reduce the high level of energy use in the economic system. Effi  ciency 
gains and low prices of energy in the modern market economy stimulate, 
as non-intended consequence, more use of energy and economic growth, 
the phenomenon known as “rebound eff ect”. Th e following discussion 
shows energy systems as part of broader interactions between social and 
ecological systems, with tensions between three components of energy 

348  Social-Ecological Transformation

http://dx.doi.org/10.1057/978-1-137-43828-7_4


systems: the technical, social, and ecological components and their com-
plicated interaction in the combined system.

    1.     Energy problems as technical problems—energy technologies and technical 
converters:  In most scientifi c and political debates, also in the ecological 
discourse, energy use and problems appear as that of technologies, for the 
consumer energy is the use of a technology, very often electricity. Th e 
environmental problems of energy are mainly such of the enterprises that 
“produce” energy (economically seen) and their technologies of conver-
sion in power plants and grids of distribution. Th e technologies, sources, 
and forms of energy diff er strongly between historical societies so that it is 
diffi  cult to compare the energy technologies of diff erent historical societ-
ies. Also the scarcity of energy and natural resources is not absolute and the 
same for all societies, which is veiled through the use of the abstract term 
“scarcity”. Th e practical forms, the social and economic consequences of 
scarcity diff er strongly for each society. One important diff erence is

 –    whether energy is connected to the use of material physical 
resources by the user without economic transformation through 
markets and as priced goods (in forms of subsistence production, 
dominant in older, pre-capitalistic societies), or  

 –   whether energy and other natural resources are economically 
valorised and mainly distributed through markets as priced 
goods (in modern society).    

 Th e energy scarcity problem in medieval feudal-agricultural society 
in Europe was the physical scarcity of an important material good that 
was used for many purposes in everyday life: scarcity of wood gener-
ated through deforestation of large areas. It was not only energy scar-
city but also the scarcity of a material resource used for many other 
purposes, as building material, and so on. Th e solution of the scarcity 
problem was twofold: reforestation, developing to an important tech-
nology only after the middle ages, and the transformation of the 
energy regime through the use of other energy sources, a technical 
innovation that was part of developing a new mode of production 
through industrialisation. In the transition to the modern industrial 
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society, the forest problem was solved. But the use of fossil energy 
sources of coal and oil and the conversion technologies for these 
brought new problems and increasing risks; they generated the envi-
ronmental problems of today. Th e risk spiral of technological innova-
tion connected with the phenomena of exponential growth of 
economy, of resource use, and of population in modern society requires 
unprecedented eff orts to change the growth-supporting mechanisms 
of the modern economic world system. Th e intensifi cation and growth 
of resource use became historically possible through Promethean revo-
lutions in human history, the Neolithic revolution that brought agri-
culture, and the industrial revolution, that brought modern society 
and its economic world system. For the fi rst time in human history, at 
the end of industrial society, a “Promethean revolution” in the mode 
of production is to convert the long-term trend towards growing and 
intensifi ed resource use into a socio-metabolic regime with less use 
and throughput of natural resources. How de-intensifi cation of 
resource use and degrowth of the global economy can be initiated in a 
new “great transformation” is on the agenda with the discourse of 
social-ecological transformation. De-coupling of growth and human 
quality of life seems the direction of further development for which 
the transformation of the industrial energy system is the fi rst decisive 
step. Decoupling of economic growth and human welfare is not pos-
sible through technological innovations and improved effi  ciency of 
resource use (dematerialisation) alone; it requires transformation of 
the interconnected mechanisms that keep modern society on its devel-
opment path, and this will meet resistance, especially by political and 
economic elites in the old industrial countries and the newly industri-
alising countries. It seems better to initiate and guide the transition to 
sustainability in politically and economically controlled ways as 
“peaceful revolution” than leaving it to chaotic transformation 
enforced by the disastrous consequences of exponential growth: a pol-
luted earth full with people, lack of resources, and an “overheated 
atmosphere”.   

   2.     Energy problems as social problems — the economy of production and con-
sumption:  Energy systems and limits of energy sources are problems in 
all historical societies, although the problems seem now more  serious—
ecologically seen. Socially seen energy problems are problems of access 
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to energy, and not always seen as energy problems in the meaning of 
the modern physical term of energy. Th is term received its present 
scientifi c meaning late in modern physics, and it is still theoretically 
discussed, diff erentiated, and classifi ed in various forms and sources of 
energy (chemical, electrical, thermodynamic, etc.) and diff erent pos-
sibilities to construct and calculate energy with terms as total energy, 
exergy (available energy), anergy (destroyed energy), and diff erent 
modes of calculating energy fl ows (see further: Hall and Klitgaard 
2012). Furthermore, energy is, in ecology and economics, part of the 
overstretched concept of resources (Lawrence  1993 ; Freese  1997 ). 
Energy has become an abstract, complex, controversially discussed 
and theory-dependent scientifi c concept (for a summary of the physi-
cal energy discussion, see Hall and Klitgaard  2012 : 223ff ). How to 
connect physical theories of energy as that of thermodynamics with 
social theories turned out to be continuously controversial, with dis-
puted interpretations and misinterpretations, for example, in the 
attempt of Georgescu-Roegen to develop ecological economics on the 
basis of thermodynamic laws (for further discussion, see Bruckmeier 
 2013 ). Controversies about environmentally sound, viable, or prefer-
able combinations of energy sources in socio-technical energy systems 
continue, also in ecological economics. Comparative analyses of the 
great transformations of energy systems in human history show the 
social structuring of energy consumption through the modes of pro-
duction and the dominant forms of economic production. Such anal-
yses are carried out in social ecology (Fischer-Kowalski et  al.  1997 ) 
and other interdisciplinary analyses, including the path-breaking 
study of Debeir et al. ( 1986 ). With these analyses, the social and eco-
nomic structuring of energy systems, connected with their technical 
and physical components in networks, is described in forms of energy 
regimes.   

   3.     Ecological scarcity—the ultimate energy problems:  Th e specifi c forms of 
nature–society interdependence in modern society are not suffi  ciently 
described as naturally given scarcity of natural resources, the guiding 
idea of neoclassical economics that the life on this earth suff ers con-
tinually under the cold star of scarcity (Schneider  1967 : 15). Th is is a 
social construction for specifi c purposes of an economic theory that 
was important in economic history, but always disputed, among other 
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reasons for its simplifi cations. Th e term of scarcity is used here in an 
unclear sense, not separating clearly 

 –     scarcity as natural phenomenon analysed in ecology in the sense of 
the discussion in ecology (of the physical limits of natural resources 
on earth available for consumption through humans and other spe-
cies), and  

 –   scarcity as a socially generated mechanism in the modern market 
economy that connects scarcity to the assumption of unlimited 
human wants (a doubtful anthropological construction unlimited 
wants and limited means of satisfaction of wants), monetary valua-
tion, competition, to all resources that can be exchanged and traded 
on markets.    

 With the economic reinterpretations of scarcity, the term loses its 
ecological meaning and reference to natural resources. But this does 
not mean that in modern society, the “natural” scarcity problems and 
physical and biological limits to growth vanish; they are socially trans-
formed. Energy systems, as all other resource use systems, are in mod-
ern society connected to variables as access to, property and control 
and distribution of resources, which connects resource use with other 
social forms of inequality, problems, and confl icts. Confl icts about 
resource use in modern society imply the blending of natural and 
social forms, of physical and social limits, of multi-causal and multi- 
scalar forms of resource use. Problems of natural resource use in mod-
ern society are understood as interconnecting natural and social factors 
in resource use in social ecology, ecological economics (Martinez-Alier 
et al.), political ecology (Escobar, Watts, Peluso et al.), environmental 
history (Debeir, Déleage, Hémery, et al.), critical theory, and radical 
geography (Swyngedouw, Harvey, Brenner et  al.). Such critical 
approaches develop from interdisciplinary analyses of energy prob-
lems and the development of energetic theories of society. Early energy 
research in environmental sociology built on several theories that deal 
with the relationship between energy and human activity (Rosa and 
Machlis  1983 : 152), but not yet broad interdisciplinary theories. 
Today, and with important new interdisciplinary theories as that by 
Debeir et al. ( 1986 ), the development of interdisciplinary theories to 
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analyse problems of transformation of energy systems is advancing in 
reconstructing the interrelations between social, technical, and eco-
logical components of energy systems.    

  Industrial energy regimes develop not only in a systemic logic of mod-
ernisation and technological development, from the earlier coal regime 
to the present oil regime, but also in manifold tensions and confl icts 
between

 –    their  ecological qualities  (fossil and renewable sources and diff erent 
environmentally friendly and environmentally destructive or pol-
luting impacts through the development and use of these sources);  

 –   their  social qualities  (economically cheap or expensive sources, 
forms, and technologies; private or public enterprises or coopera-
tives; small enterprises or multinational corporations; consumer 
practices of energy use; market dependence of energy consumption, 
energy prices, and market eff ects, e.g. rebound eff ect); and  

 –   their technical qualities (dependence on large technical systems as 
power plants and distribution grids, with diff erent forms of risks 
and vulnerability, e.g. in nuclear power plants).    

 In the following section, the problems inherent in the modern indus-
trial energy system and its transformation are analysed with regard to 
these ecological, social, and technical problems of energy use. 

    Energy from Fossil and Renewable Sources 

 Th e present global climate change is strongly connected with the global 
industrial energy system as source of CO 2  emission. Th e ways out of 
the industrial system with its non-renewable, fossil sources of coal, gas, 
and oil are more complicated than the search for technical solutions or 
new conversion technologies. Integrated analyses of the social, political, 
economic, and environmental processes become necessary to develop 
transformation strategies and sustainable energy regimes . Energy problems 
appear no longer as problems of specifi c energy technologies that can be techni-
cally optimised, but as problems through negative social and environmental 
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consequences of energy systems . Th e energy system is locked in the indus-
trial socio-metabolic regime. Th e search and development of new energy 
forms continues since several decades in a situation where the globalised 
market economy struggles with the limits of fossil resources as well as 
with the negative environmental impacts of industrial energy systems.

    1.     Unexpected consequences of developing “green energy”:  Th e development 
of energy from renewable sources seemed necessary and justifi ed 
through the search for environmentally sound forms of energy conver-
sion and consumption. With this development appeared, more unex-
pectedly than foreseen, new diffi  culties and problems of rebuilding 
the modern industrial energy system that is trapped in large technical 
systems of energy conversion and infrastructures that are dependent 
on high investment and maintenance costs, fi nancial capital, and nat-
ural capital. Competition and confl icts between diff erent energy 
sources and strategies to develop them are part of the complicated 
social and economic dynamics of transformation. Experience with the 
development of wind energy, solar energy, and bioenergy, the impor-
tant renewable energy sources developed so far, brought non- 
anticipated negative consequences that would not have been expected 
from the forms of “green energy”. Th ese consequences and eff ects are 
not such of the renewable sources in their ecological quality; they are 
social consequences and risks of the conversion technologies and eco-
nomic forms of “production” of energy in enterprises (assuming that 
enterprises produce in an economic sense, although ecologically seen, 
energy cannot be produced). Th e global industrial energy system 
includes as the main components energy from coal, oil and gas, nuclear 
energy, energy from water, and, to a limited degree, of the renewable 
energy sources of wind energy, solar energy, and bioenergy produced 
on arable land. Energy from water and nuclear energy are the forms 
that developed rapidly during the twentieth century and both showed 
negative social and environmental consequences of the technology. 
Both forms developed in coherence with the technological and eco-
nomic logics of the industrial energy system.  Th e energy from renew-
able sources develops as part of the established economic system where 
energy is dependent on the large industrial energy system that converts 
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energy into one dominant form for consumption, electrical energy. Th e 
global energy system, although framed and legally managed at national 
levels, is locked in capital- and technology-intensive   marked-based   struc-
tures of economic development that have, with the neoliberal economic 
globalisation become “iron structures”.  Also renewable sources and green 
energy technologies show unexpected confl icts and non-intended 
consequences that cannot be explained from the energy sources them-
selves but from the contexts of economic, political, and societal sys-
tems in which they develop. With their practical application and 
spreading, the renewable forms of energy become part of large-scale 
and capital-dependent systems.   

   2.     Th e dilemma of nuclear energy:  Th e basic ideas for the renewal of indus-
trial energy systems are simple, replacing environmentally risky and 
fi nite energy sources (non-renewable, fossil sources) through energy 
from renewable resources, accompanied by strategies to reduce energy 
consumption. Th ese general considerations may be suffi  cient to justify 
sustainable energy systems, but they do not show the practical diffi  cul-
ties of changing modern energy systems. Nuclear energy was consid-
ered by the protagonists as new, unlimited, safe, and sustainable form 
of energy—as long as it did not show its unexpected and disastrous 
consequences in reactor accidents and unsolved problems with nuclear 
waste. It was not suffi  cient to become aware of the technical and envi-
ronmental risks of certain forms of energy, as the social and political 
confl icts in Europe about the use of nuclear energy demonstrate. Th e 
last technical innovation in the industrial energy regime with nuclear 
energy started in the second half of the twentieth century, nearly from 
the beginning against the resistance from anti-nuclear movements. 
And throughout the development and use of nuclear energy, two con-
trasting constructions of risk with this energy form clashed:

 –    A conventional probabilistic risk construction in technical and 
engineering sciences, where risk is calculated in quantitative 
terms and reduced to minor risks that could be neglected.  

 –   A more critical construction of risk in the environmental sci-
ences and by environmental movements, where risks are not 
quantifi ed, but the dangers of radiation and technical hazards 
and how to deal with them are assessed.    
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 Environmental catastrophes as that in Chernobyl and more 
recently in Fukushima did not accelerate the termination of nuclear 
energy, although some European governments decided since the end 
of the twentieth century to phase out nuclear energy in their coun-
tries. Nowhere this is achieved until today, although the support for 
nuclear energy as a safe and environmentally sound technology is 
vanishing, not necessarily implying active resistance. Th e situation 
shows rather the deadlock of the industrial energy system. Th e pro-
cess of transforming this system through renewable energy sources 
started in Europe with the pioneering use of wind power, especially in 
Denmark, since the 1960s. Discussed as an exemplary case of innova-
tion below, wind power shows how diffi  cult and slow changes of 
energy systems are, with many confl icts not foreseen at the beginning 
of the process.   

   3.     Transforming the industrial energy system:  Th e industrial energy system 
is a complex system with interacting social, economic, political, and 
technical components. Th e scientifi c explanation of energy in physics, 
with the laws of thermodynamics, is not all what needs to be known 
for the restructuring of the energy systems. Th e social process of trans-
formation is full of contradictions, confl icts, and power fi ghts. As in 
exemplary form experienced in the introduction of wind power, the 
conversion technologies become part of the existing modern “high- 
tech” systems for energy conversion and distribution. Th e transition 
from industrial to sustainable energy systems is a complicated process 
with changing combinations of energy sources, part of the broader 
strategies of sustainable development.  In the perspective of global 
 sustainability the renewal of energy systems in modern society can be 
described in fi ve main problems as follows: 

    (a)     Th e industrial energy system is in a contradicting process of change:  
Th is energy system can be described in its historical specifi city as a 
system that decoupled energy use from the limits of the historically 
prevailing form of energy in pre-industrial agricultural societies. 
Solar energy and energy from physical labour of humans and ani-
mals, important sources in agricultural societies, vanished from 
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the industrial system, also the older forms of producing energy 
from renewable sources of wood, water, and wind in local energy 
systems. Th e new system is constructed mainly for industrial and 
urban energy use, although this is not consequently possible: 
human society and economy cannot become independent from 
solar energy and energy in the form of human and animal labour, 
important in earlier forms of agriculture. Human labour has 
changed its forms, became labour using, managing, and control-
ling high-tech systems, machines, and laboratories of industrialised 
production. Animals have, as farm animals, become bioconverters 
of energy in the production of human food. In the industrial mode 
of production, the farm animal is a colonised and domesticated, 
constructed and genetically modifi ed, and economically optimised 
producer of food products for humans. 

 Th e main sources of coal, oil, gas, and nuclear energy, varying 
in their composition from country to country, are combined with 
new, renewable energy sources, especially wind power, solar 
energy, and bioenergy from arable land. Diff erent forms of tech-
nical innovation, economic restructuring, and transformation to 
environmentally sustainable energy forms appear in contradicting 
forms of change of the industrial energy system. Political and eco-
nomic options for specifi c energy sources diff er between political 
actors and governments. Th e dis- simultaneous development of 
energy systems, where old and new sources coexist and no con-
sensus about future energy systems is found, results in country-
specifi c forms of transformation, with interim solutions and 
changing strategies. Th e out-phasing use of coal, oil, and nuclear 
energy are temporarily favoured again in some countries, because 
of unexpected diffi  culties to rebuild market-dependent energy 
systems.   

   (b)     Wind power, solar and bioenergy brought new problems:  Th e new 
“green” energy forms are not always new in the sense that they are 
used for the fi rst time in human history. Wind power is an old 
energy source that has lost signifi cance during industrialisation. It 
is now socially reinvented again, although not in its old forms of 

8 Transformation of Industrial Energy Systems 357



local, autonomous, and small-scale conversion systems of wind-
mills. In some countries, the use of renewable energy sources is 
more successful than in others, which can be explained through 
diff erent political and economic strategies and interests, through 
the availability of renewable sources in a country, and partly also 
through eff orts to reduce energy import that is possible in the net-
worked energy systems of European countries. 

 Th e social context and the economic processes, not the goal of 
sustainability, cause problems in developing, introducing, and 
operating new energy forms. “Green” strategies, for example, of 
production of bioenergy from plants on arable land, become part 
of the contradicting and incoherent structures of modern society 
and globalised economy they aim to transform: they bring many 
confl icts, non-intended environmental social, economic, and envi-
ronmental consequences, for example, socially unwanted land use 
or competing land use for food and energy production. In the 
present national energy systems, the tapping of renewable sources 
does not replace fossil fuel but add more forms and more energy 
output to the mix of sources (Hall and Klitgaard  2012 : 219). 
Instead of transformation of the industrial energy regime, there 
seems to have started a confl ict-prone experimenting with diff er-
ent forms of technical and economic optimisation and combina-
tion of various sources in the modernisation of the industrial 
energy system.   

   (c)     Dealing with technical illusions about renewal of energy systems:  
Limiting the discussion of energy system changes to technical 
forms of energy conversion and technical fi xes generates illusions 
about the change of energy systems solely through engineering, 
without transforming the social practices of energy consumption. 
Such changes need to deal with the problems of the economically 
trapped consumer in modern society. Energy consumers are 
dependent on the modern economic, social, and technical systems 
and urbanised lifestyles; they need to buy energy. Th e idea of the 
autonomous consumer deciding freely about the satisfaction of his 
needs (consumer sovereignty) is an ideological construction of the 
consumer situation in the modern market economy. Th e consumer 
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revolution that is discussed in the ecological discourse touches the 
core problem but does not yet fi nd the ways and means to develop 
a new consumption culture—this would require critical analyses 
of the economic constraints of consumption and the systemic 
nature of the societal metabolism.   

   (d)     Diffi  culties to realise eff ective forms of change through energy saving:  
Ideas of energy saving and local energy systems as favoured by 
environmental movements turned out to be insuffi  cient as long as 
they remained ideas for alternative lifestyles. Th ese are practised 
outside the mainstream economy, in small groups and local experi-
ments, as “ecological islands” in form of utopian lifestyles that did 
not touch the established industrial energy regime and the forms 
of consumption for the majority of the population. Th e necessity 
to change the energy system because of scarcity and fi niteness of 
coal, oil, and gas as industrial energy resources causes such forms 
of lifestyle experiments as well as the organised eff orts and policy 
reforms to develop renewable energy sources on countrywide avail-
ability, and both variants of change struggle with eff orts of prolon-
gation the off er of cheap energy in the industrial energy system 
through search of new oil reserves, deep sea drilling, or risky and 
polluting technologies as hydraulic fracking.   

   (e)     Diffi  culties to understand the social consequences of climate change 
that require transformation of energy systems:  Climate change is, in 
the perspective of the modern economic world system, not a prob-
lem in nature but an economic development problem and one of 
the transformation of the economic system. Similarly, transforma-
tion of industrial energy systems is a complex social and economic 
problem, not mainly an ecological one. Energy systems are inter-
woven with the confl icts in global and national, political and eco-
nomic systems. Th e energy system transformation happens in 
times of increasing scarcity of natural resources, of economic and 
fi nancial crises, overshadowed through global climate change. Th e 
ecological debate about “ways into postcapitalism” started more 
than ten years ago (Woltron  2004 ) with the critique of the ineffi  -
ciency of neoliberal economic reforms to deal with the problems of 
global environmental change. So far, the debate has not generated 
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suffi  cient results and ideas how to initiate a transformation of the 
societal system towards sustainability.    

   Th ese fi ve problems with the transformation of the industrial energy 
system show that the achievement of sustainability is a far more compli-
cated process that cannot be discussed in terms of normative ideas of an 
ecologically sustainable society . Intra- and intergenerational solidarity in 
resource use as normative principles guiding sustainability transfor-
mation cannot replace a systems analysis of modern society and its 
interaction with nature. Th e normative ideas that guided the ecologi-
cal discourse in science, politics, and environmental movements dur-
ing the twentieth century, and still do, although their signifi cance is 
decreasing with the progress of the sustainability discourse, have been 
summarised by Eckersley ( 1992 : 45f ) in four variants:

 –    Resource conservation (wise use of natural resources)  
 –   Human welfare ecology (achieving environmental quality in the 

modern economic system)  
 –   Preservationism (appreciating wilderness or protection of nature 

for its intrinsic value)  
 –   Ecocentrism (more ecologically informed variant of preservation-

ism to protect threatened populations, species, habitats, and 
ecosystems)    

 Th e normative views shaped the ecological discourse in Western 
countries, although with signifi cant diff erences between countries. 
What is required beyond the normative views are  strategies with com-
bined normative, empirical, and theoretical arguments for global trans-
formation  and environmental governance based on systems analyses of 
interacting social and ecological systems. Climate change governance 
and transformation of the industrial energy system indicate the devel-
opment of broadened strategies, based on interdisciplinary knowledge 
synthesis as eff orts to achieve sustainability.    

  In European countries, the introduction of the new energy technolo-
gies in the market system showed many unforeseen problems. Th e energy 
system transformation became a process of repeated eff orts, modifi ed 
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strategies, competing attempts of diff erent actors, and trial-and-error- 
based innovation. Th is can be shown for each of the new forms of solar 
energy, wind power, and bioenergy in their introduction to markets. Th e 
established structures of the industrial energy system, its combinations 
of diff erent energy forms and conversion technologies, and the use of 
large technical infrastructure systems and grids for energy delivery make 
the transformation a long and diffi  cult process. Th e system transforms 
the largest part of energy in few forms of energy delivered to the users, 
such as electricity or gas. Th e new energy forms need to use these distri-
bution nets (electricity produced through wind power), or develop new 
forms of local or individual use of the technology. Th e socio-economic 
organisation of modern industrial systems, with large corporations, 
market- dependent and capital-intensive processes, with private property 
as dominant legal form of ownership, enforces adaptation of the new 
energy forms. Th e policies of public support of development and mar-
ket introduction diff er in Europe from country to country and change 
in unforeseen ways. Th e introduction of new energy forms is strongly 
supported in some countries, in others lacking acceptance and defi cits 
of implementation can be found. For wind power, the adaptation to the 
established energy system is visible in the commercial sector, where large 
enterprises own and manage the technology (in large windparks on- and 
off shore) and the energy delivery. Alternative and non-commercial forms 
developed only exceptionally, temporarily, and in some countries, for 
example, in Denmark (less in Great Britain: see Elliott  1997 : 170f ). In 
Denmark, where wind power technology is used for more than half a 
century, an alternative sector developed in cooperative forms, owned by 
the users, more in accordance with the ideas of environmental move-
ments, of social and environmental justice, and solidarity of resource use. 
In general, the future of wind power development seems to be that of 
conventional commercial and corporate development. 

 No fast transformation of modern industrial energy systems can be 
expected. Th inking in terms of technology, development implies doubtful 
reductions of the complexity of energy systems until the problems appear as 
technical ones that require conventional forms of research and development 
and engineering approaches. Analyses of the social contexts of energy sys-
tems can help to understand the diffi  culties of transformative governance.  
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    Approaching the Transformation of Energy Systems 

 Advances in the debate of transformation of industrial energy systems 
were achieved through changes of perspectives and ideas. Diff erent per-
spectives of energy systems development came with the ideas of “demate-
rialisation”, “degrowth”, and “social-ecological transitions”.

    1.     An early debate about the change of the industrial energy system was part 
of the broader debate about dematerialisation of economic production  as 
a way of saving materials and energy that has been summarised else-
where (Bruckmeier  2013 ). Th e industrial production processes that 
cause growing use of material resources cause also growing use of 
energy resources. Effi  ciency gains in terms of reducing the throughput 
of energy and materials in production systems are, however, annihi-
lated through continued economic growth and increasing use of natu-
ral resources. Th e industrial system does not unfold by itself ecologically 
rational strategies of reducing material and energy fl ows; its economic 
mechanisms keep the industrial economy on the path of continued 
growth and drive growth and intensifi cation of natural resource use. A 
transformation of the energy system cannot be consequently realised 
within the limits and constraints of the system, although the transfor-
mation starts within the industrial systems and limited saving eff ects 
can be achieved in the short run. Often technical change is under-
stood as directing social change and enabling ecologically rational 
resource use, which fosters illusions about the solving of environmen-
tal and resource use problems through new technologies. Ways beyond 
technical fi xes are shown in several studies and scenarios that show 
that nearly complete supply of energy from reliable sources and of 
strong reductions carbon dioxide emissions is theoretically possible 
until the end of the twenty-fi rst century, although the transformation 
process may take other forms [Elliott ( 1997 : 182ff ); less clear are the 
predictions and constructions of energy futures by Hall and Klitgaard 
( 2012 : 397ff )].   

   2.     Dematerialisation was translated from technical improvements into social 
strategies for sustainable development with the ideas of decoupling growth 
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and human welfare . With the ideas of decoupling growth and welfare, 
degrowth and social-ecological transformation, the debate approaches 
the ideas of a stationary state economy formulated in ecological eco-
nomics. Technological innovations and improvements are not suffi  -
cient to achieve sustainability; the system mechanism of economic 
growth needs to be transformed. Th e possibilities to change the mal-
adaptive coupling of the modern economic world system with eco-
logical systems and with natural material cycles need to be shown in 
more detailed analyses of the functioning of SES, their multi-causal 
and multi-scalar processes. As discussed by Fischer-Kowalski et  al. 
( 2012 ), it is possible to demonstrate the interconnectedness of socio- 
economic changes and changes in natural systems in some empirically 
measurable processes and interactions: these can help to generate 
models for system perpetuation. Possibilities of social-ecological trans-
formation can be clarifi ed further with the elaboration of a theory of 
nature and society. Th e discussion of transformation, approached in 
the discourses of social and political ecology (Dietz and Vogelpohl 
 2005 ; Brunnengräber et al.  2008 ; Brunnengräber  2009 ; Leopold and 
Dietz  2012 ; Brand  2015a ,  b ), requires more in-depth analyses of 
energy systems.   

   3.     An integrated framework for the analysis of social-ecological transitions 
between diff erent energy regimes (outlined by Fischer-Kowalski et  al.  
 2012  ), connects the analysis of transformation of energy systems and of 
societal transformation to sustainability.  In Europe, the historical transi-
tion into the fossil-fuel-based industrial regime is completed in an 
energetic and material stabilisation phase at high levels, whereas the 
new transition to renewable energy sources has just begun. Presently, 
a number of large countries are in transition into a fossil fuel energy 
regime through late industrialisation. Th e new transition strategies in 
European countries with renewable energy sources as the core happen 
in asynchronous societal changes, where, in other countries and parts 
of the world system, industrialisation just started. Th e changing role 
of human labour in large-scale and long-term processes of societal 
transformation is the second important component besides energy 
system changes that requires further analysis. Fischer-Kowalski et al. 
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analyse in which way the historical transition to industrial society has 
transformed human labour, and what can be learned from this, under 
changed conditions, for the role of labour in the new social-ecological 
transition to global sustainability. Six global megatrends, three origi-
nating from natural and three originating from societal drivers that 
aff ect the transformation of European economies either in more 
socially friendly form or with more crises, confl icts, and disasters are 
analysed. Knowledge about the social-ecological transition is used in 
three scenario variants: no policy change, ecological modernisation, 
and sustainability transformation.     

 Th e social-ecological analysis by Fischer-Kowalski et al. ( 2012 ) shows 
how far a transformation theory has developed from an integration of 
diff erent knowledge sources. Th e analysis of long-term perspectives of 
transforming energy regimes as parts of interacting social and ecological 
systems requires combinations of several forms of analysis:

 –    Empirical case studies show the transition processes as complicated 
and contingent, also because of the desynchronised process of 
industrialisation, but do not show all blocking factors and the traps 
of energy transitions.  

 –   Connecting analyses of resilience and sustainability, of adaptation 
and transformation of energy systems, and working with several 
methods of knowledge generation and synthesis develop more com-
plex forms of interdisciplinary analyses, which require fi nally a the-
ory of social-ecological transformation.  

 –   Th e connected approaches include historical studies of transforma-
tions of mode of production and energy systems, empirical case 
studies of present transition processes, theoretical analyses of inter-
acting societal and ecological systems, analyses of global social and 
environmental change, and scenarios of long-term systems transfor-
mation in the perspective of transformation to global 
sustainability.    

 It seems that at this point, the scientifi c and political discussion of 
transformation of energy systems ends—or is stuck in dealing with the 
new knowledge problems that come up in transformation analyses or in 
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the practices of transformative governance. Th e example of introducing 
bioenergy production on arable land (see below) shows the dilemmas in 
the long process of transforming the societal metabolism of industrial 
society. Th e question “how to learn ways out of the manifold social traps 
and problems that appear in transitions” cannot be answered through 
research but only by way of combining diff erent knowledge practices, 
where futures are theoretically refl ected, constructed, and envisioned in a 
variety of methods (see Chap.   7    ).  Th e knowledge dilemma of energy system 
transformation and, more broadly, of societal transformation to sustainabil-
ity, is of the kind “how can one know in advance what is necessary to do or 
not in a process that stretches in the long-term future, beyond the temporal 
horizons of social action and planning?”  Th e knowledge practices to deal 
with the future—the near future in forms of planning, the distant future 
in forms of prognoses, scenarios, envisioning, or in phantasm—can-
not generate “knowledge in advance”, and it seems unlikely that future 
studies, also with the help of new information technologies, create new 
forms and methods of looking in the distant future. Assuming that the 
future is unknown, that it is only cognisable in form of guesses, visions, 
and utopias, is, however, not the fi nal conclusion. Other mental mod-
els and (re)combinations of knowledge forms and knowledge practices 
can be developed that help to fi nd better ways into the future and bet-
ter forms of transformative governance. Th e ecological discussion and 
research on resilience, sustainability, adaptive governance, and transfor-
mative agency has shown some ideas how to model the future, seeing it as 
generated through processes of change in complex adaptive systems. Th e 
most important ideas seem to imagine the future not only in the form of 
goals to achieve or to avoid but also as a process of continuous change. 
Governance processes can be modelled in continuous forms of monitor-
ing and assessing processes of social and environmental change, learning 
and experimenting, simulation and anticipation, knowledge syntheses, 
and theory-based construction of potential development paths—these 
can be translated into processes of adaptation and transformation, where 
the future is negotiated. Such—limited—possibilities to improve strate-
gies for societal transformation develop in social ecology as one of several 
scientifi c practices of interdisciplinary research, combination and recom-
bination of knowledge. In the practices of environmental action and 
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 governance ideas as that of adaptive and transformative governance show 
the beginning of new combinations of diff erent knowledge practices and 
the search for new knowledge on the way to sustainability. Th ere are 
more alternatives to imagine the future than the two extremes of deter-
mined by systemic nature of societal or ecological systems or open and 
undetermined. 

 Transformation of SES to sustainability appears in the perspective of 
social-ecological theory as a long-term and complex process including 
managed and non-managed change. Th e practical experiences during the 
fi rst steps of transformation of energy systems that show the challenges of 
societal transformation more concretely are discussed below with regard 
to the problems appearing with the introduction of wind power and 
bioenergy.   

    Renewable Energy Sources: Wind power 
and Bioenergy 

 In the long process of phasing out of fossil energy sources and nuclear 
energy, new confl icts within and between countries can be expected. 
Some of the new energy sources of the future are discussed and devel-
oped already, especially wind power, solar energy, and bioenergy; other 
forms are discussed less, for example, energy from water waves or thermal 
energy from the interior of the earth. Also research and development 
of energy created from nuclear fusion continues. In spite of intensive 
research funded by the EU, it is assumed that decades pass before elec-
tricity can be generated from fusion reactors—scenarios from the energy 
project of the International Th ermonuclear Experimental Reactor envi-
sion the commercial use of fusion technology in the second half of this 
century (Lee and Saw  2010 ). In the long transition of the modern energy 
system also, risky bridging technologies and interim forms of energy 
technologies such as hydraulic fracking will be used. 

 Although non-renewable industrial energy resources may already be 
characterised as out-phasing, the transformation of energy systems with 
their diff erent components is a slow process of many decades. It is not 
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a process controlled by local, regional, or national decisions, although 
formally and legally seen, energy systems are national systems—even in 
the EU, where more and more regulation happens at supra-national level, 
for example, with regard to strategic decisions about sustainable develop-
ment. In the fi nal analysis, all energy systems are part of the global energy 
regime that is until today dominated by industrial, non-renewable energy 
sources, and economic and political interests organised to support the use 
of these conventional energy sources. In European countries, supported 
by the EU, policies to transform energy systems in the overarching pro-
cess of transitions towards sustainability are on the way. It cannot be said, 
from the presently limited experiences, with the introduction of renew-
able energy sources, which of the green energy sources is the key for the 
transformation to a post-industrial energy regime—wind power, bioen-
ergy, solar, thermal, and water energy are the forms presently discussed 
(the projections in studies by ‘Greenpeace’ see larger parts of energy 
to come from wind power and solar energy, less from bioenergy and 
hydro- or geothermal power: Elliott ( 1997 : 182); further discussion for 
bioenergy: Haberl et al. ( 2010 ), see below). Every country has diff erent 
national energy systems, “energy mixes”, and strategies for energy system 
transformation; and with every energy source come specifi c problems, 
limits, and contradictory experiences as the examples of wind power and 
bioenergy production on arable land show. 

    Development and Introduction of Wind power 
Systems in Europe: Empirical Research 

 Wind power is relatively well investigated and the establishment of wind 
power systems has advanced in European countries in the past decade. As 
all components of future energy regimes, introduction of wind power is 
seen as part of the transformation of energy systems to sustainability. It 
can be assumed that the mitigation of many confl icts at diff erent policy 
levels is necessary to achieve that goal. Presently, the quantity of renew-
able energy sources in national energy systems in European countries 
is still low, but national governments and economic actors redefi ned in 
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recent years their interests for development of renewable energy sources, 
including wind power systems. 

 For long time, wind power development was suggested by a limited 
number of environmental actors, with arguments for the unlimited avail-
ability of this energy source and that it is not polluting the environment. 
With the advances in establishing wind power, the environmental and 
the social impacts and the interests involved are understood better in 
their confl icting dynamics. Wind power is no longer an exceptional tech-
nology or a future option, but a signifi cant component of national energy 
systems; it is, with its integration in the national energy system, assessed 
in terms of economic value, of capital and investments, and maintenance 
and management costs as market-based technology, in addition to its 
ecological components. Such economic interests and components were 
not visible as long as wind power was in the phase of development and 
testing, of improving the construction of turbines. With the introduc-
tion of wind power in European energy markets, the process came under 
control of the established energy “producers”, big private companies in 
the energy sector, although new fi rms appeared. It did not become an 
alternative economic subsector with small and local enterprises or coop-
eratives. Th e adaptation of wind power to the market conditions does 
not reduce its quality of a “clean” and renewable energy source. But the 
development and the total eff ects of wind power for transforming the 
industrial energy system are not easily predicted. In the energy policy of 
the EU, wind power is planned as a limited component in the energy 
mix that requires further on other sources. Technically seen, wind power 
has become a modern technology, diff ering from the historical forms of 
windmills that drove machines directly. Th e new forms of turbines, their 
building material, and the conversion of wind power to electrical energy 
that is distributed through large electricity nets to households and end 
users make the simple technology of windmills to a high-tech form of 
energy use. 

 Th e technology of wind power systems developed and diff erentiated 
since the beginning of the development of the energy source in Europe 
in the 1970s. Th e eff ects of wind power facilities on the environment are 
known better. Th e location of windparks has been optimised in compli-
cated and confl icting decisions, and the limitations of wind power for the 
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development of national energy systems have been experienced. For these 
limitations, especially the temporary unavailability of wind, solutions are 
sought more intensively, new and improved forms of energy storage for 
which presently only few and not optimal technologies are available (bat-
teries, pumped-storage, compressed air energy storage, hydrogen storage). 

 What makes wind power a special case in diff erence to the other 
renewable energy sources, especially bioenergy production on arable 
land, is its diff erent form of land use. It is not occupying large surfaces 
for food or energy production, can also be located on unproductive land 
and off shore. Also the environmental impacts of wind power are specifi c. 
Life cycle analysis and impact studies of bioenergy production revealed 
a number of — non-intended — negative environmental consequences of 
bioenergy which may not be as “green and clean” as it was seen when the 
ideas developed. Wind power, with all environmental impacts known so 
far, seems to have less negative environmental and social impacts than 
bioenergy production. A dominant confl ict about its introduction was 
the location close to settlements, a paradigmatic form of NIMBY (“not 
in my backyard”). Many people did not want to have wind turbines in 
their neighbourhood, they were perceived, also because of their big size, 
as disturbing and ugly. 

 Th e discussion about adequate or non-adequate location of wind 
power systems is complicated and the values and interests related to wind 
power change. Th e scientifi c and political location discussion was inten-
sive and is no longer left to casual local solutions, and public policies 
are now supporting wind power development. In Sweden (Bruckmeier 
and Böhler  2012 ), the discussion about location was summarised by the 
Swedish Nature Protection Agency as follows: As adequate locations are 
seen already exploited or used land areas (industrial areas, harbours, etc.) 
and the normal landscape that includes agricultural landscapes and non-
protected forest landscapes—that is, the largest part of Swedish territory, 
as in many other countries. National parks, most nature reserves and 
“Natura 2000” areas with a nature protection status, and marine protected 
areas are assessed as non-adequate locations of wind power. Potential areas 
for location are certain nature reserves and protected areas and, in gen-
eral, areas where the national interest for wind power location is more 
important than nature protection (NVV  2008 ). Th e decisive point in the 
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 location discussion is that systematic and comparative assessments of suit-
able locations are available. Th ese assessments follow the general reason-
ing that nature protection is not always suitable for wind parks, whereas 
areas with resource use and diff erent forms of land use are. Th is may evoke 
further debates why wind parks are not compatible with protected areas, 
taking into account that they are also a form of nature protection and 
sustainable resource use. Th e preliminary result of the Swedish location 
debate is as follows: wind power is seen as an energy technology and as 
land use that should be located there, where other forms of technologies 
and human land use also happen. 

 For the decision about off shore location of wind power systems, 
assuming that in Europe, large windparks will be built off shore, other 
arguments beyond suitable locations and possible eff ects on the marine 
environment (see Petersen and Malm  2006 : 75) are coming to the fore-
ground: the direct and indirect costs of wind power systems. Th e deci-
sions between onshore and off shore location can be assumed to become 
complicated reasoning and interest negotiation, also when they are 
reduced to costs, excluding many other social factors. A literature review 
shows that optimal location for the future wind power development is 
a function of many variables, some of these relating to capital costs of 
wind power development. Studies in the UK show the on-land installa-
tion costs as about half of the size of off shore location. If off shore wind 
farms are located on deep water and at large distances from the coasts, 
the capital costs might be even larger. Th ese direct costs indicate that 
on-land development from capital costs view might be most economi-
cally attractive, even accounting for better wind conditions off shore. 
However, the potential diff erences in external costs might change this 
relation (Ladenburg  2009 : 179f ). 

 In Europe, the development of wind power systems took diff erent 
courses; in some countries, for example, Denmark, Spain, and Germany, 
it played an important role and the development started already long 
time ago, whereas in other countries, advances are rather slow. Denmark 
played a pioneering role in the development of wind power technology 
and in developing its economic organisation in two forms: in private 
company based and in cooperative forms, where local citizens own the 
technical system. Th e diff erent sizes of wind power plants attract eco-
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nomic actors selectively: large windparks in off shore location may be of 
special interest for large and powerful energy companies, whereas small 
plants and single wind turbines may attract interest of local enterprises, 
actors, and inhabitants in local forms of development and use of energy. 

 For the analysis of wind power-related confl icts as in the Swedish 
research mentioned above, another perspective is more relevant than 
costs: that of wind power as part of long-term strategies to transform 
energy systems in the complicated transition to sustainability. Mitigation 
of manifold confl icts is required on the way to sustainability and confl ict 
mitigation becomes a main task in transition management. For that pur-
pose, it seems important to study confl icts and their resolution in detail, 
developing adequate forms of confl ict mitigation instead of bypassing or 
suppressing confl icts with legal, political, or scientifi c support through 
powerful actors and institutions. 

 An ecological discussion of environmental advantages of wind power, 
characteristic in early phases of the discourse, when the environment- 
friendly nature of the energy source was the main theme, is no longer 
suffi  cient. Th e problems that come with the rebuilding of energy systems 
enforce the discussion of economic aspects of wind power.  For the long- 
term development of wind power systems, the following points show the issues 
to be discussed and clarifi ed: 

    1.     Location — the basic question is that of how to use space on land and in 
the sea . Th is question comes back in the debate of energy generation. 
In the debate about wind power systems, off shore location could be 
seen as a way to avoid confl icts and the diffi  culties of matching inter-
ests of many stakeholders that are required for location on land. 
However, to fi nd simple solutions without resistance of some stake-
holders is unrealistic. Wind power cannot only be developed off shore, 
and solutions for location off shore and on land need to be sought 
through processes of mitigating local interest confl icts. As the debates 
about wind power and bioenergy show, energy production requires 
land and the use of land needs to be negotiated, taking into account 
ownership rights. Also the use of fossil sources requires land use deci-
sions. It was not a realistic view of the use of fossil, subterranean energy 
sources that drove industrialisation, that they can be used without 
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land use decisions, seeing them as point sources of extraction that do 
not touch other and private land use interests. Th e mining of coal and 
the  extraction of oil and gas have signifi cant eff ects on land and land 
use, beyond local problems at the extraction points: land use for pipe-
lines, transport, storage in tanks or deposits, energy conversion in 
power plants, distribution nets, and waste deposits. Additionally, the 
pollution of soils, water, and air need to be accounted for in location 
decisions.   

   2.     Technology — the technical research about wind power systems for land 
and off shore location is now advanced and the technology can be used in 
diff erent locations.  Th e implementation problems do not arise from 
technological aspects only, but more from the divergent interests of 
actors and further social factors that are still insuffi  ciently investigated. 
Th ese include social acceptance of windparks, environmental aware-
ness and reasoning of local populations, economic interests of diff er-
ent social groups, and the governmental and political decisions about 
wind power. To take into account the complex and varying interest 
constellations, including the resolution of confl icts in the processes of 
development, location decisions and use, diff erentiated and fl exible 
strategies are required than the ones in earlier phases of wind power 
development where confl icts were often ignored, the “pro or contra” 
discussion mainly done with ecological arguments, and technology 
development happened without strong governmental support.   

   3.     Th e energy mix in national systems — wind power is planned in European 
countries as limited part of national energy systems that continue with the 
use of other sources, sometimes under premises of continuing high levels of 
energy consumption.  How much of the electricity consumed now and 
in future can be produced by wind power? In the EU, energy policy 
up to 20 % are planned in the longer run, indicating the estimated 
market potential of wind power in the energy mix. For the long-term 
development of energy systems, the question is not that of maintain-
ing high levels of energy consumption. If transformation of energy 
systems should happen, ways of reducing energy consumption and 
developing alternatives to large-scale grids (for energy distribution 
under control of few oligopolistic enterprises) need to be sought.   

372  Social-Ecological Transformation



   4.     Th e framing policies of sustainable development — wind power is an 
important component of sustainable development which implies multi- 
scale approaches, matching of interests, and confl ict resolution.  As 
 sustainable development is infl uenced and structured through national 
and international strategies, it seems important to take into and 
strengthen local contexts of and activities in such strategies. Th e con-
fl icts emerging with wind power location are local confl icts and the 
interests of local inhabitants need to be discussed, negotiated, and 
compromises found as in all other confl icts about natural resource use. 
In the further development of strategies for sustainable development, 
the debate of transformation of societal and economic systems will 
evoke signifi cant and lasting controversies, confl icts, and necessities to 
negotiate heterogeneous interests of actors.    

   Wind power is here discussed as an exemplary case to show the complicated 
interaction of social and ecological factors in the development of energy sys-
tems from renewable sources.  Th ese interaction processes and conditions 
of development diff er for every form of energy, from fossil or renewable 
sources. Th e introduction of the new energy forms and their combina-
tion in energy systems will evoke new confl icts, also about the policy 
instruments, as the EU energy policy shows with the controversy about 
tradeable green certifi cates (Jacobsson et  al.  2009 ). Th e problems and 
confl icts need to be discussed in the practice of introduction of “green” 
energy forms and for all forms of energy from renewable sources — solar 
energy, thermal energy, water energy, and bioenergy or agrofuels from 
arable land, and still less discussed forms as the use of energy from waves 
in coastal and ocean waters. Water energy is a specifi c case; it is already 
used since long time, in many countries, with large technical systems 
with dams, artifi cial lakes, and water turbines. Th e building of water 
power plants has evoked and evokes further strong resistance and con-
fl icts, often from local inhabitants. Th e environmental eff ects of water 
power need to be discussed more critically: it is part of the interruption 
and signifi cant disturbance of the natural water cycle that happened in 
the twentieth century, with a doubling of the water withdrawal since 
1960, as the Millennium Ecosystem Assessment ( 2005 ) showed. Th e use 
of wood as renewable energy source and part of bioenergy production is 
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in complicated forms interwoven with social, economic, and environ-
mental problems and confl icts regarding deforestation. 

 Th e following discussion shows bioenergy production as a recently 
intensifying and confl icting process.  

    Development of Bioenergy: Empirical Research 

 Th e production of bioenergy in agriculture and on arable land creates 
many local confl icts about land use for energy production that was not 
originally designated for energy but for food production and is still needed 
for that purpose. Th e confl icts are less in European countries, where there 
is no lack of land for food production. But also in Europe, the change 
of agriculture form a producer of food to a producer of bioenergy is not 
socially negotiated and does not fi nd consensus. Bioenergy production 
developed more as a side eff ect of the search for alternative forms of pro-
ductive use of land that is no longer needed for food production. Th e poli-
cies of modernisation of agriculture, especially the Common Agricultural 
Policy of the EU, brought the trend that more and more farmland is tem-
porarily taken out of production to reduce the overproduction of food 
for European agricultural markets. Although this was not a solution of 
agricultural and of land use problems, rather an interim solution delay-
ing fi nal decisions, it has, intended or not, supported the introduction of 
bioenergy production on agricultural land in Europe and also provided 
for farmers opportunities to develop and maintain their enterprises. In 
countries of the Global South, the bioenergy confl ict is socially explosive: 
malnutrition and hunger of large parts of the population is a continuing 
problem. Not only use of fertile land for bioenergy production is under 
such conditions a source of confl icts but also deforestation for creating 
new land for commercial farming, and the more recent phenomena of 
buying of large areas of agricultural land by foreign governments and 
private companies from other countries that evokes confl icts about such 
land grabbing. Disputes and confl icts of interest emerge between land 
use for producing food for growing populations, for developing small-
scale agriculture of poor agricultural producers that are still numerous, 
for the commercial and export-oriented forms of land use of cash-crop 
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farming, and for commercial forms of bioethanol production (an exem-
plary case study: Martinez-Alier et al.  2010 ). Globally seen, it seems that 
 expectations to replace larger parts of energy in industrial energy system 
through bioenergy are unrealistic.  Analyses of bioenergy and agrofuels show 
the following problems with the development of such forms of land use: 

    1.     Social-ecological analysis of bioenergy as a confl icting development:  
Bioenergy as energy produced from organic non-fossil material of bio-
logical origin is promoted as a substitute for fossil energy sources to 
reduce greenhouse gas emissions and dependency on energy imports. 
Haberl et al. ( 2010 ) discuss the potential of development of bioenergy 
that amounts presently to about 10 % of humanity’s primary energy 
supply. Th e authors review recent literature on the potential of global 
bioenergy supply until 2050, taking into account technology develop-
ment, food demand, and environmental targets. Th e estimations vary 
extremely (from 30 to over 1000 Exajoule/EJ per year). Th e high esti-
mation is seen as implausible because of overestimation of the area 
available for bioenergy crops and of too high yield expectations (result-
ing from extrapolation of plot-based studies to less productive areas). 
According to the authors, the global technical primary bioenergy poten-
tial in 2050 is in the range of 160–270 EJ per year, considering sustain-
ability criteria. Th e potential of bioenergy crops is at the lower end of 
previous estimations. Residues from food production and forestry could 
provide signifi cant amounts of energy based on an integrated optimisa-
tion (cascade utilisation) of biomass fl ows (Haberl et al.  2010 : 394). 

 Th e authors conclude that no scientifi c study is available to clarify 
satisfactorily the many scientifi c issues related to future bioenergy 
potentials in the next decades. Factors of uncertainty include avail-
ability and suitability of land for energy crops; development and 
potential of yield increases; future area demand for food, conserva-
tion, and other purposes; trade-off s with other environmental goals; 
water availability; and climate impacts. Also when human behavioural 
practices are intimately related to relatively stable cultural and other 
socio-economic factors, future habits of food consumption can hardly 
be predicted. All studies reviewed showed shortcomings (Haberl et al. 
 2010 : 401). Th is implies that quantitative assessments of the potential 
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of bioenergy development, as in this analysis, need to be  complemented 
through social studies of the processes of bioenergy production that 
take into account the socio-economic conditions and the policies of 
bioenergy production in the countries of the Global South, as studies 
of agrofuel production show.   

   2.     Political-ecological analysis of production of agrofuels:  Leopold and Dietz 
( 2012 ) connect the commercial production of agrofuels (e.g. biodiesel 
and ethanol produced on agricultural land) to the broader problems 
of nature–society interaction and the multi-scalar and transnational 
connections of this process.    

   Nature–society interaction:  Production and consumption of agrofu-
els shows interlinkages across and between policy fi elds, scales, and the 
spheres of nature and society. Th e relationship between nature and society 
is understood by the authors as dialectical and the spheres as being mutu-
ally constitutive. Social development is always dependent on the metabo-
lism of nature, and the metabolism of nature is dependent on the social 
appropriation, use, and transformation of nature. Th e natural world is 
utilised in the global forms of production and consumption; it is changed 
irreversibly by humanity and humanity is changed irreversibly through 
its use of nature. Nature can be understood as being socially produced, 
for example, through anthropogenic climate change. Th e social practices 
of utilisation and acquisition of natural resources are dynamic in time 
and space and governed by processes of political-economic and political- 
institutional change, aff ected by power relations and cultural diff erences. 
Th e currently changing forms of land rights, practices, rules, ownership 
relations, and recent land use for agrofuel production in Africa, Latin 
America, or Asia are in many ways the result of colonial and post-colonial 
politics of resource distribution and political-economic transformations. 

  Multi-scalar and transnational constitution:  Th e view of society–nature 
relations by the authors emphasises the multi-scalar nature and transna-
tional constitution of society and nature. Changing local conditions of 
land use and land distribution are interlinked with political-institutional, 
political-economic, and discursive changes at national and global scales 
of social action and vice versa. Agrofuel policies show that access to, use 
of, and control over natural resources as land and water cannot be under-
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stood as purely local or national but unfolding on new levels of action, 
on diff erent scales, and through new constellations of power relations. 
New constellations of transnational capital and transnational geopoliti-
cal space and power are emerging between and amongst developing and 
developed nations. Land with its productive capacity has become an 
economically scarce resource over which countries try to obtain control. 
Current eff orts to cope with the challenges of climate change, develop-
ment, and energy systems imply shifting social, political, and economic 
power relations (Leopold and Dietz  2012 : 6f ). 

 Th e two main arguments from this political ecological analysis are that of

 –    studying bioenergy production in the framework of nature–society 
interaction, requiring the elaboration of the theory that has been 
discussed here, and  

 –   analysing the multi-scalar constitution of the governance processes 
that structure bioenergy production.    

 Both requirements coincide, for the analysis of energy system trans-
formation, in the analysis of social-ecological regulation of the relations 
between society and nature. Th is analysis is, as long as the theory of 
nature–society interaction is not systematically elaborated, possible in the 
preliminary forms of combining several methods, empirical and theoreti-
cal ones, as formulated above for the social-ecological discourse, referring 
to the framework developed by Fischer-Kowalski et al. ( 2012 ). 

 Th e confl icting and contradicting forms of bioenergy production 
according to these interdisciplinary studies include the following:

 –    Bioenergy production is infl uenced by the processes of economic 
globalisation and connecting with the industrialisation of agricul-
tural production. Th e globalisation of agrofuel production is assessed 
by critical ecological researchers as consolidating the unequal power 
relations between industrialised and non- industrialised countries, 
between the Global North and South, and as resulting in a partial 
and unequal transformation of these power structures in the coun-
tries of the South (Danker et al.  2013 : 3, 31ff ).  

 –   Th e EU policy for supporting renewable energy sources in Europe 
evokes confl icts between the countries of the Global North and 
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South. Th e planned use of biofuel in the EU exceeds the possibili-
ties of production in Europe and stimulates import of commercially 
produced agrofuels from countries in the Southern Hemisphere 
and through the neglect of social criteria in bioenergy development 
(Leopold and Dietz  2012 : 13ff ).  

 –   Th e gender relations, gender-specifi c access to resources, and divi-
sion of labour create or enforce inequality, are woven into social 
relations of production and land use, and are reproduced in agro-
fuel production in naturalised forms (Wasser et al.  2012 : 18).    

 Bioenergy in various forms through plant production on fertile land 
and wind power are two important sources of renewable energy, showing 
diff erent social and environmental consequences. Both technologies and 
their commercialisation illustrate that green energy technologies are not 
as environmentally sound and socially sustainable as they were supposed 
to be when the ideas developed in the ecological discourse. Many non- 
anticipated consequences and confl icts appear with the development and 
market introduction of these technologies, showing the real complexity 
and problems with the use of renewable energy sources. More or less 
unexpected confl icts include the following:

 –    In wind power development, confl icts are more within the coun-
tries of the Global North where wind power is in rapid develop-
ment. Confl icts are about location of windparks and problems 
connected to the appropriation of wind power by big energy com-
panies that act in international energy markets and make the green 
energy to a commercial component of large-scale industrial energy 
systems.  

 –   In the development of bioenergy and agrofuels, strong confl icts 
emerge at several levels, within countries in the Global South and 
North and between countries in the North and South. Th ese con-
fl icts are caused through the transnational relocation of bioenergy 
production and its concentration in countries of the Global South 
where the production clashes with social and environmental goals 
of national and global food production.      
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    Conclusion: Future Energy Systems 

 Th e specifi city of modern industrial energy systems is that their ecosystem 
components have been more and more neglected with the decoupling of 
energy from land use that happened with the development of fossil energy 
sources. Modern energy systems are part of large-scale socio- technical and 
economic systems that imply risky decisions, high investments, and long 
time-frames of development and planning. Th e capital-intensive energy 
systems do not easily open for decentralisation, local and autonomous 
development that appear as ecologically rational solutions. Th e transfor-
mation of modern society and its societal metabolism is in all phases, 
now at the beginning and probably later on with advancing transforma-
tion, a process that can only, to a limited degree and partly, be planned, 
managed, and technically and economically rationalised. Transformation 
of energy systems is a long process with unforeseeable consequences, 
risks, confl icts, and surprises. In the transformation of the global energy 
regime of industrial society, that is, on the political agendas, one of the 
fi rst lessons that had to be learned is, social consensus about nature pro-
tection and sustainability (found in many European countries) does not 
make the transformation process easier and more peaceful. It is a process 
with continuous social, political, economic confl icts and unexpected side 
eff ects. At the levels of countries and national economies, it is a com-
petitive race for energy resources where contradicting trends and doubt-
ful technical ideas or bridging strategies generate interim solutions that 
disturb and distort ecologically rational strategies of developing energy 
systems with renewable sources. 

 Th e arguments of environmental sustainability are mainly arguments 
of intergenerational solidarity and the conditions of life for future genera-
tions. In the transformation process, the environmental interests clash in 
extreme forms with the social and economic interests of present genera-
tions, especially the vested interests of powerful political and economic 
actors.

    1.     Th e basic idea of developing sustainable energy systems through the use of 
renewable energy sources is clear, simple and convincing — but not 
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 suffi  cient for dealing with the transformation problems.  Energy cannot 
be reused, is lost through dissipation from higher to lower quality, 
according to the thermodynamic laws of physics. Fossil energy 
resources are limited and create problems of environmental pollution, 
thus causing the necessity to develop energy systems with renewable 
sources of energy. With the development of “green energy”, elements 
of sustainability should be built into industrial energy systems. Th e 
quality of wind power and bioenergy as energy from renewable sources 
is not suffi  cient to develop and introduce them in the markets. For 
both energy forms, their commercial introduction clashes with many 
other requirements in social and economic development. Th e process 
of energy transition turns out to be one where energy technologies are 
commercialised and instrumentalised for doubtful strategies of “green 
economy” that block the transformation of industrial systems.   

   2.     To overcome the “roadblocks” to sustainable energy systems of the future 
requires the use of knowledge from analyses of interacting social and eco-
logical systems, in the fi nal analysis knowledge from a theory of nature–
society interaction.  Th is seems to introduce large quantities of 
knowledge in the analysis of energy transition—knowledge that can-
not be seen as necessary when energy systems are reduced to socio- 
technical systems. Th e processes of global social and environmental 
change in which energy systems are embedded do not leave many 
alternatives than to use knowledge available from the analysis and 
assessment of social-ecological change in coupled SES. To transfer this 
knowledge from social-scientifi c research in the ecological discourse 
means: to test, verify, and correct it in continually improving social 
practices of knowledge application and in strategies of social- ecological 
regulation and transformative governance. Th e renewal of the sustain-
ability process implies to use knowledge and experience developing on 
the way of transformation to deal with the solution of problems and 
confl icts that emerge in the process.   

   3.     Th e discussion of global governance and environmental governance does 
not take up systematically ideas and knowledge from the social-ecological 
and political-ecological analyses of energy transition . Th ese ideas remain 
contested, but neglecting them and reducing the governance of trans-
formation to policy perspectives and frameworks for organising and 
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coordinating environmental, climate, and energy policies nationally 
and internationally is insuffi  cient. An alternative can be as follows: 
broadening the scope of governance analyses for the development of 
multi-scale governance strategies and to work with knowledge from 
interdisciplinary analyses of social-ecological systems. Th is results after 
shorter or longer time in approaching the complexity of transforma-
tive governance, showing possibilities to connect governance processes 
with autonomous forms of social-ecological change that cannot be 
managed and governed. Such learning of improvements of governance 
strategies seems necessary in the long process of societal transforma-
tion to sustainability.         
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    9   
 Conclusion: The Coming Crisis of Global 

Environmental Governance                     

      Th e report of the Worldwatch Institute in 2013—Is sustainability still 
possible?—and the annual reports since then indicate the necessity to 
deal with threats to sustainability and growing doubts about the possibil-
ity of transformation to sustainability. Th e intensifying search for natural 
resources in remote locations and fragile ecosystems as the arctic or the 
deep sea since the beginning of the twenty-fi rst century shows the eff orts 
to maintain the metabolic regime of industrial society. Large parts of 
the global population living until today in non-industrialised countries 
should be integrated in the economy of growth. Th e aims are less to 
reduce poverty and hunger and to create decent conditions of life for the 
poor in the Global South. In practice, such improvements are only side 
eff ects of the maintenance of capital accumulation and economic growth 
through further industrialisation. Non-growing capitalism is a contradic-
tion in itself. Th e lack of natural and social resources for global industri-
alisation and the global boundaries of natural resource use make further 
unlimited growth impossible. What seems impossible in the modern 
capitalist world system, to end industrialisation and economic growth, 
is now on the agendas of environmental research and global governance: 
as sustainable development, rethought in social ecology with the term of 



social-ecological transformation. To address this “impossible transforma-
tion” more consequently requires, according to the theory discussed in 
this book, other perspectives and knowledge practices in environmental 
research, policy, and governance. 

  Social-ecological transformation  and  transformative governance  are not 
yet eff ective although the ideas are discussed in science and policy, indi-
cating the search of new ways to deal with global environmental prob-
lems. Th e notion of social-ecological transformation spreads quickly in 
the political debates, which does not mean that social-ecological knowl-
edge and research is used. Also the concept of  social-ecological agency  is 
not always interpreted with the knowledge synthesised in social ecology. 
Th e new terms are used with diff erent interpretations; sometimes old 
ideas are reformulated with the new terminology. Transformative agency 
is described by Westley et al. ( 2013 ) in terms of resilience and the adap-
tive cycle. Th eir guiding idea of safe space is developed from the sociolog-
ical theory of communicative action by Habermas. In social-ecological 
research and theory, the terms of social-ecological agency and transfor-
mation are used in other forms. 

 Th e environmental discourse of global change uses an alarming rhet-
oric: this century is to become one of global “overshoot and collapse” 
should there be no success of earth system governance. Th e time window 
for organised, coordinated, and mediated transformation of industrial 
society to sustainability is closing, as many events, especially global cli-
mate change and the increasing diffi  culties of environmental governance 
indicate. Little time seems left to deal with the imbalances and the system 
contradictions of the globalised economy. Time is too short for learning, 
adaptation, and transformation, as many environmental researchers say, 
arguing in the tradition of the “limits-to-growth” studies. In the climate 
discourse, views prevail that only few decades, until the middle of the 
twenty-fi rst century, are left to attain solutions for climate change regu-
lation that can help to avoid environmental catastrophes. More voices 
are heard that it is already too late for non-catastrophic transformation. 
Simultaneously uncertainty increases; future changes of society and the 
ways of transforming society to global sustainability appear as unknown. 
Ideas diff er strongly: how to build “ecological rationality” (Mol), to “re- 
embed the markets” (Polanyi), to “regulate nature-society interaction” 
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(social ecology), to build a new socially and environmentally just “world 
order” through global environmental governance? 

 To deal with the knowledge problems in environmental science and 
policy requires a series of changes in the forms of knowledge produc-
tion and application. One possible way, suggested here is,  to clarify the 
conditions, the forms and the implications of dealing with global social and 
environmental change theoretically and empirically, through empirical and 
theoretical knowledge and diff erent forms of knowledge generation in inter-
disciplinary knowledge syntheses.  Th is clarifi cation is attempted with the 
social-ecological theory that connects societal and ecological theories to 
understand the interaction of modern society and nature. Th e interac-
tion happens partly through global systems and system mechanisms, and 
partly through particular, culturally specifi c systems and mechanisms. 
With interdisciplinary knowledge syntheses, the research on global 
change can be integrated and the forms of global environmental gover-
nance and of transformative governance, agency, literacy, and learning 
can be understood and described better. 

 A fi rst step of rebuilding of environmental governance would be  to 
learn from the failure of prior environmental research and collective action 
since the take-off  of global environmentalism in the 1970s , with the “limits-
to-growth” debate. Taking the example of climate research and policy 
discussed in this book, it could be said: more could be learned from 
controversies about constructing world systems forty years ago than that 
what is visible in the neoliberal climate change narrative. Th e controversy 
between the “limits-to-growth” model of Meadows and Meadows and 
the more diff erentiated model of Pestel and Mesarovic showed: global 
processes of social and environmental change cannot be constructed in 
undiff erentiated global models of growth and development; necessary 
are methodologically diff erentiated forms of translating scientifi c knowl-
edge and results of research and modelling in knowledge practices of 
collective action, transformative governance, and social-ecological regu-
lation. Geographically, ecologically, and socially (culturally, politically, 
and economically) diff erentiated systems and processes in the economic 
world system and the ecological earth system need to be analysed. Huge 
amounts of data and high numbers of mathematical equations, neces-
sary for mathematical modelling of complex systems, cannot replace 
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 theoretical knowledge about modern society and its interaction with 
nature in many subsystems and processes. When the future of global 
societal development is mathematically modelled and calculated, it is still 
open and unclear, which governance strategies are required to catch the 
varying and diff erentiated social consequences of global change in diff er-
ent countries and for diff erent social groups. In spite of addressing some 
of the problems in a concomitant analysis of climate change, the social 
consequences of climate change have been neglected by the dominant 
climate research and policy. 

 In the further scientifi c and political discourses about global envi-
ronmental governance should develop new forms of collective learning 
and refl exivity, as discussed in Chaps.   7     and   8    . Th e examples of climate 
change and world modelling are limited examples to discuss problems 
of scientifi c learning; the refl ection is limited to methods and data for 
modelling. Mathematical modelling as data-dependent and theory-averse 
method cannot replace theoretical analyses of interacting SES, requires 
such theories as structuring knowledge to formulate models. Expectations 
of the kind “data can replace theory with the advances of world models 
based on new information technology” were premature and misleading. 
More useful would be the integration of scientifi c knowledge in more 
complex forms of “epistemic triangulation” of empirical research, math-
ematical modelling, and interdisciplinary theories. Th us, the method-
ological defi cits of each of these modes of knowledge generation could 
be compensated. 

 Transformation to sustainability is discussed in social ecology, in the 
political discourse, and in scenarios for sustainable development. In the 
transfer of knowledge from research to policy, many ideas and much 
knowledge are lost and fi ltered away—the process is not always trans-
parent and the criteria of knowledge use unclear. In policy debates and 
scenario formulation, the term of transformation remains a metaphor 
for a complicated process. Th e visions and worldviews count more than 
theoretical and interdisciplinary knowledge about modern society and 
SES. In the global governance discourse, the neoliberal vision of a “green 
economy” supports illusions of an easy and quick transition to sustain-
ability, without changes of societal and economic systems, through 
simple policy reforms and with market-based policy instruments, as 
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 paradigmatically discussed in payments for ecosystem services (Chap.   5    ). 
Although these approaches and methods are more and more criticised in 
science and in environmental politics because of their dysfunctionality, 
no changes of paradigms of knowledge use, research practices, and politi-
cal action happened. Th e idea of “resource capitalism” (Urry  2011 ) in 
environmental sociology is more critical than older ideas of “ecological 
modernisation” and development of “ecological rationality” in environ-
mental politics (Mol), but creates more uncertainty than clarifi cation of 
possibilities of social-ecological transformation. Urry himself formulates 
some doubt whether sustainability is possible within capitalism and the 
present economic accumulation regime, but does not achieve more con-
sequent reasoning. He was criticised (Gustafson  2012 ) for the technical 
fi x concept of resource capitalism that does not off er solutions to climate 
problems and a confusing conceptualisation of politics of scale. A broad-
ening of the sociological perspective and an interdisciplinary opening for 
further ideas and knowledge develops in the social-ecological research 
about transformation and transformative governance. Th is research can 
create alternative and further ideas for future knowledge and policy prac-
tices. Ideas to renew and change the environmental discourse and the 
policy practices should be formulated as possibilities, not as recipes for 
improving natural resource management. Recipes in form of impera-
tives for resource management are often formulated in applied ecological 
research and devalued the success of adaptive management—in spite of its 
necessity and the important insights it brought through a refl exive use of 
ecological knowledge. Th e simplifi cations in applied ecological research 
in forms of recommendations and instructions for resource managers 
do not improve managerial practices, but create sometimes more uncer-
tainty. Th e problems and possibilities of changing and transforming SES 
(for adaptive management, see Chap.   5    ; for resilience analyses, see Chap. 
  3    ) are not systematically, critically, and theoretically refl ected. Knowledge 
from science and research cannot be directly infused in the practices 
of natural resource management, as the idea of scientifi c management 
used in the adaptive management debate seems to say. Th e knowledge 
comes from one (scientifi c) discourse and needs to be translated for use 
in another (political) discourse. To carry out new empirical research and 
apply it directly in managerial practice is an epistemological shortcut. 
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 In the scientifi c and political knowledge practices, not just the knowledge 
applied needs to be changed, but the ways of knowledge generation, transfer, 
and application.  Th is is inexactly discussed as refl exive knowledge prac-
tices, more exactly described social ecology and in terms of second- and 
third- order environmental governance. 

 To advance in the change of knowledge practices in environmental 
science and governance, the arguments developed in the chapters of this 
book can be systematised in the following suggestions:

    1.     Th e main conclusion from the discussion of a social-ecological theory of 
nature and society is as follows: A theory of transformation to sustainability 
needs to compile, evaluate, and synthesise the knowledge about the interac-
tion of social and ecological systems in modern society in several forms. 

 –    In an action-theoretical  analysis of multi-scale governance processes 
and regulation of the interface of society and nature  that helps to iden-
tify changes in terms of collective action, resource management, 
policy, and governance. Th is implies to be aware of limits and con-
straints of policies as means of societal transformation.  

 –   In a more complex system, theoretical analysis needs to be dealt 
with the  systemic processes of society : societal reproduction including 
symbolic and material reproduction of the modern societal systems, 
multi-scale processes and changing forms of reproduction of the 
modern economic world system.  

 –   Parallel to the analysis of systemic processes in society is that of  eco-
system development and change  to be dealt with in the transformation 
of social and ecological systems. Th e knowledge about forms of 
global environmental change that enable or restrict certain options 
of transformation to social and ecological sustainability is mainly 
from ecological research.  

 –   Th e analysis of  intersystemic processes and networks of interacting SES  
is the core of the theory of interaction of society and nature in terms 
of historically specifi ed societal and ecological systems analysis.      

   2.     Th e knowledge from interdisciplinary SES analyses shows ways to criticise 
and develop present forms of environmental governance. Th eoretical 
knowledge can be included in knowledge transfer and application , in the 
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translation of scientifi c knowledge in strategies of social-ecological 
regulation, of building of institutions, and of transformative gover-
nance (described in exemplary forms in Chaps.   7     and   8    ). Although 
these strategies may turn out to be inadequate in future, it can be 
 learned by experience how to improve continually strategies for societal 
transformation , with bounded ecological rationality, in situations of 
insuffi  cient knowledge, insecurity, and an unknown future.     

 Th ese two suggestions from the social-ecological theory can be trans-
lated in a series of further, more concrete ideas to change knowledge 
practices in environmental research and governance, in attempts to deal 
with the cognitive crises in conventional environmental research and 
governance:

    3.     What is the “unit of analysis” and the “unit of governance” that connects 
research and governance practices?  To improve environmental gover-
nance is not primarily a question of the disciplines that can or should 
provide the knowledge. A more important question is: which knowl-
edge is necessary to understand the systemic interaction of modern 
society and “modern” ecological systems? Interaction processes in cou-
pled SES are the core theme of environmental research and gover-
nance, which implies neither research nor governance can be done 
without knowledge about social and ecological system components. 
Th is knowledge cannot be provided in disciplinary and specialised 
research—no discipline has the exclusive knowledge about the forms 
of interaction and coupling between both systems components. 

 Inter- and transdisciplinary knowledge syntheses and practices 
improve the chances to fi nd knowledge about social-ecological trans-
formation, but syntheses can also fail and need to be refl ected criti-
cally. Interdisciplinary knowledge production can always be criticised 
because it transgresses the safe space of canon- and rule-guided disci-
plinary traditions. Examples discussed in all chapters show insuffi  cient 
forms of interdisciplinarity: constructions of shortcut hybrid terms, 
for example, “socio-natures” that misdirect analyses of nature-society 
interaction; mainly politically motivated and world-view-dependent 
forms of knowledge syntheses (e.g. in parts of the transdisciplinarity 
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debate: Nicolescu  1994 ); interdisciplinarity and scientifi c knowledge 
practices that construct new concepts, terminologies narratives, but do 
not advance to create transformative knowledge and agency (the 
example of actor-network theory discussed in Chap.   7    ); “experimental 
interdisciplinarity” in forms of combinations of knowledge under-
stood as partial, provisional, and incomplete (Whatmore  2002 ); inter-
disciplinarity that is guided by a disciplinary core of knowledge that is 
set as standard and seen as not negotiable (exemplifi ed in forms of 
ecological research and its selective integration of social-scientifi c 
knowledge). Social-ecological interdisciplinarity is not protected 
against inadequate and doubtful interpretations and conclusions. Th e 
critical discussion and refl ections of the knowledge used for the con-
struction of a nature–society theory should help to validate the knowl-
edge. In this way, the theory that guides knowledge syntheses attempts 
to control the ecological, the construct, and the content validity of the 
knowledge generated in a historically specifi c analysis and theory of 
nature–society interaction.   

   4.     How can the analyses of societal systems and SES be done in theoretically 
backed and practically applicable forms?  Th e complex systems analyses 
from political economic and other theories of modes of production in 
human societies are restructured through a simplifi ed reconstruction 
of the core mechanisms of societal reproduction that maintains the 
main theoretical arguments. Th ese core mechanisms are described as 
societal metabolism. Th e metabolism is reconstructed in social ecology 
theoretically and studied in empirical research, a main part of the 
research done in this fi eld. Critical systems analyses of the industrial 
metabolic regimes can, in the practices of social-ecological research 
and knowledge use, generate a series of more specifi c and concrete sug-
gestions to change knowledge practices in environmental research  and  
in environmental governance. Th e following suggestions seem the 
most important ones.   

   5.     Th e identifi cation of the social subject(s) acting in processes of social- 
ecological transformation  is a main condition for improving strategies of 
transformative governance. In the complex process of transformation 
act many heterogeneous groups and actors. Th e process of change has 
no class subject in the sociological sense, but subjects in form of 
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 transformative action groups and networked management of natural 
resources. Th e question, which actors are part of the many subjects of 
change cannot be formally answered (through legal rights and formal 
authorisation of actors), not on the basis of formal power of actors and 
power relations, and only insuffi  ciently through the intuitive methods 
of stakeholder analysis that are widespread in practice, but hardly sub-
stantiated through social-scientifi c knowledge. At least the following 
questions should be asked to  identify the specifi c social subjects at diff er-
ent levels of governance and the potential interests that infl uence the pos-
sibilities of a transformation to sustainability: 

 –    Th e political interests of political actors and citizens  
 –   Th e economic, not always politically articulated interests of resource 

users and other economic actors  
 –   Th e social interests that are only partly articulated in political dis-

courses, to a large degree in independent social processes (specifi c 
interests of social classes and social groups, of social and cultural 
movements)  

 –   Th e interests that can be called new forms of general will or interests 
in this phase of development of modern society (especially the 
interests to maintain the ecological processes and life-supporting 
systems for the present and the future generations).    

 It seems evident that the identifi cation of the collective subjects 
and actors in transformative governance requires empirical research 
and theoretical analyses, otherwise the question is continuously unan-
swered who should participate in collective action for social- ecological 
transformation. First concrete forms are transformative action groups 
at local and community levels. More complicated is the identifi cation 
of actors and forms of action at supra-local levels.   

   6.     Analyses of systemic, institutional, actor-related factors (e.g. vested inter-
ests) and the “system contradictions” in modern society that block transfor-
mation to sustainability or maintain path-dependent development:  For an 
interdisciplinary theory of social and ecological systems and for trans-
formative governance practices, it is essential to be aware of the condi-
tions of success and the “roadblocks of transformation”, which is the 
main reason to develop a theory. Even in advanced approaches of 
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 ecological research and in strategies as adaptive governance, the block-
ing factors are insuffi  ciently analysed, ignoring large parts of social- 
scientifi c knowledge, and formulating inexact reasons, for example, 
“institutional inertia” or “lack of leadership”. Th e question is to some 
degree one of power asymmetries between actors, and to some degree 
one of knowledge of potential hinders, but more than that one of sys-
temic structures and functions of societal and ecological systems. 
Among the strong hindrances are the ones that have been called in 
prior chapters autonomous processes in SES that cannot be managed 
or only indirectly. Blocking factors overlap with the autonomous social 
and systemic processes that make the transformation diffi  cult: eco-
nomic growth, population growth, competition between national 
economies and countries about access to resources and chances of 
development, modernisation, and industrialisation, and the ecosystem 
functions and processes that need to be maintained in the long run. 
With regard to such factors, modern society appears as “blocked soci-
ety”, blocked in much more complicated forms than the blocked 
development through bureaucratisation that has traditionally been 
described in the sociology of organisations, in salient form by Crozier 
( 1971 ). Modern society is locked into the impasse of an industrial 
society and the social-ecological transformation is a transformation to 
a new mode of production. If that is not theoretically analysed, trans-
formative governance will remain weak, as examples of the present 
global scenarios show and visions of a new industrial revolution that 
ignore relevant knowledge, for example, that by Hawken et al. ( 2000 ) 
on “Natural Capitalism”, that of “resource capitalism” (Urry  2011 ), or 
of the “second machine age” envisioned by Brynjolfsson and McAfee 
( 2014 ) that should bring abundance where hitherto scarcity or eco-
nomic stagnation and crisis were seen as the problems to deal with.   

   7.     Th e pathways and the duration of sustainable development are inexact 
and weak points in environmental research and governance. With the 
theoretical analysis of SES dynamics and roadblocks of transformation, the 
projections can be improved and become more realistic.  About the trajec-
tories and the duration of social-ecological transformation, little is said 
in the advanced discussion of global transformation scenarios to sus-
tainability, paradigmatically by Gerst et al. ( 2014 ) in the three scenario 
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variants of “conventional development”, “policy reform”, and “great 
transition”. Th e conclusion of the authors, similar to that of many 
other scenario analyses, is as follows: Th ere are plausible scenarios that 
remain within safe bio-physical operating space or the planetary 
boundaries of resource use and achieve various development targets. 
However, dramatic social and technological changes are required to 
combat the risks of conventional development and growth (Gerst et al. 
 2014 : 123). About the forms, practices, and phases of these changes, 
one does not read much in the global scenarios; they argue: it is enough 
to know the planetary boundaries of resource use to make the changes 
possible. In the scenarios, no theoretical knowledge from societal sys-
tems analyses is used to improve scenario variants. Global governance 
models and global scenarios alone do not show how to deal with the 
many problems that need to be dealt with in the transformation pro-
cess. To think “beyond scenarios”, in terms of processes that are not or 
cannot be refl ected in scenarios, is a step further that remains to be 
done. At this point of scientifi c ignorance about the future, the discus-
sion of sustainability seems to dissolve in speculations and formulation 
of utopias, diff erent in form but not in content from simpler visions 
about the good society in the environmental discourse. To seek for 
alternatives to speculation, discussing and combining diff erent forms 
of knowledge use and knowledge practices (as exemplifi ed in the cli-
mate change debate in Chap.   7    ) can be methodological ways to deal 
with the “veils of ignorance”, some of which are theoretically con-
structed, others may indicate fi nal limits of scientifi c knowledge.   

   8.    More detailed and exact descriptions of the  processes and phases in the 
long social-ecological transformation  are the fi nal demands from envi-
ronmental and social-ecological research. Th e process of sustainable 
development becomes more transparent when it is reconstructed as

 –     temporally structured  in a sequence of phases of change;  
 –    spatially diff erentiated  in transformation strategies for diff erent 

countries, such in the centre and in the periphery of the modern 
world system;  

 –    socially diff erentiated  according to the components of socio- metabolic 
regimes and the reorganisation of processes of natural resource use 
and management. Th e main forms of transformative agency can be 
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described in terms of governance, regulation, and other forms of col-
lective action. To initiate transformation and maintain it through 
diff erent phases, the forms of collective action discussed so far are 
important: newly built transformative action groups and networked 
forms of natural resource management. Further forms of action need 
to be developed in the process. Th e constraints of societal and eco-
logical systems, their systemic dynamics and requirements of repro-
duction, should not be seen as factors preventing social-ecological 
transformation, but as diffi  culties to be aware of. Th eoretical analyses 
of the complex internal dynamics of modern society and “mod-
ernised nature” are needed to guide the governance practices.        

 As a critical theory, the social-ecological theory of nature and society 
should not only help to develop new and improved forms of transforma-
tive governance which is the most important theory–practice link of this 
theory, but the theory should also be able to give arguments why certain 
theories of society or ecological theories are excluded from its construc-
tion and remain competing theories (see Chaps.   2     and   3    ). Furthermore, 
the theory should identify its knowledge limits, the main limit given with 
the impossibility to synthesise all knowledge that would be required for 
the analysis of nature–society interaction. A widespread knowledge prac-
tice in environmental research is to give primacy to empirical research 
and to reduce theoretical analysis to concepts, models, and frameworks to 
structure empirical research. Th e social-ecological theory discussed here 
works with other assumptions: the limits of knowledge are not given with 
empirical research; empirical research and theoretical analyses of coupled 
SES are interacting in more complicated forms; the limits of knowledge 
are fi nally dependent on the theoretical construction and validation of 
the interdisciplinary knowledge web. 

  Th e social-ecological theory provides knowledge about system transformation 
which is only to a limited degree generated in recent social-ecological research: 
it is more the result of connecting, integrating, and synthesising knowledge from 
diff erent theories and fi elds of research, natural- and social- scientifi c knowl-
edge.  Th e broad theme of nature–society interaction is studied in several 
disciplines and theories. Alternatives to the social- ecological theory that 
take up its core theme develop in other theories. Some of these theories 
are complementary to, others competing with the social-ecological theory, 
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and further ones more specifi c and limited. Aspects of a theory of society 
or nature can be found in other theories not discussed here: the theory 
of kaleidoscopic dialectics that builds from the discourse on post-colonial 
development (Rehbein); the feminist theories that analyses gender rela-
tions and inequality in a globalising society (Walby); and theories from the 
human-ecological (Schnaiberg) and political-ecological discourse (Lipietz). 
Diff erent interpretations and explanations remain, and controversies about 
societal transformation continue—in improved forms. Beyond the single 
theories, an intertheoretical discourse creates new spaces of knowledge that 
can create further possibilities to develop the interdisciplinary theory of 
society and nature. Social-constructivist, post-modern and some variants 
of feminist and post-colonial theories reproduce the critical arguments of 
ethnocentrism, false constructions of globality, and neglect of non-West-
ern cultural and cultural-anthropological perspectives in sociological or 
economic theories of modern society. With that the controversy between 
social theories becomes one about cultural relativism and universalism. 
Th eoretical approaches that can communicate and mediate knowledge 
exchange between contrasting culturally relativistic and universalistic theo-
ries are rare. One important example is the attempt of Wolf ( 1982 ) to com-
bine the macroscopic theoretical reasoning of political economy of modern 
capitalism as world system with culturally and locally specifi c, microscopic 
anthropological research. Th is analysis shows the hybrid nature of modern 
capitalism developing throughout its history in two incompatible forms, as 
cultural diff usion, colonialism, and globalisation of its economic systems 
described in world system theory, and as internalisation of elements of non-
Western cultures and societies in the modern forms economy and modes 
of production, where it was not possible or not necessary to change these. 
Another, more recent example, the civilisational analysis of Arnason, was 
discussed in the construction of the social-ecological theory (Chap.   2    ).    
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