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Preface 
 

About the MATISSE project 

The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by the 
European Commission, DG Research, within the 6th Framework Programme. The project is interested 
in the role that Integrated Sustainability Assessment (ISA) could play in the process of developing and 
implementing policies capable of addressing persistent problems of unsustainable development and 
supporting transitions to a more sustainable future in Europe. The core activity of MATISSE is to 
develop, test and demonstrate new and improved methods and tools for conducting ISA.  

This work is carried out through developing and applying a conceptual framework for ISA, looking at 
the linkages to other sustainability assessment processes, linking existing tools to make them more 
useable for ISA, developing new tools to address transitions to sustainable development and applying 
the new and improved tools within an ISA process through a series of case studies.  

The extent to which the case studies are carrying out a complete ISA for their area of focus varies 
between attempts to cover all phases of an ISA process to partial implementation of the process. 
Equally, different case studies are oriented to developing and testing tools and approaches to some, but 
not all, of the methodological challenges of ISA. The case studies are complementary, however, and 
the set of cases offers the opportunity to address a wide range of methodological challenges and to 
explore linkages between cases. An evaluation of practical experiences with ISA implementation in 
the case studies will provide guidance on the further improvement of methods and tools. Results will 
also contribute to more informed policy advice.  

What is ISA? 

Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a 
cyclical, participatory process of scoping, envisioning, experimenting, and learning through which a 
shared interpretation of sustainability for a specific context is developed and applied in an integrated 
manner, in order to explore solutions to persistent problems of unsustainable development. ISA is 
conceptualised as a complement to other forms of sustainability assessment, such as Sustainability 
Impact Assessment, Integrated Assessment and Regulatory Impact Assessment. Whereas these other 
forms of assessment fulfil the pragmatic need for ex ante screening of incremental sectoral policies 
that are developed within the prevailing policy regime, ISA is conceptualised as a support to longer-
term and more strategic policy processes, where the objective is to explore persistent problems of 
unsustainable development that have a systemic pathology and possible solutions to these. ISA is 
therefore oriented toward supporting the development of cross-sectoral policies that specifically 
address sustainable development and at exploring enabling policy regimes and institutional 
arrangements. 

MATISSE Working Papers 

Matisse Working Papers are interim reports of project activities that are published in order to illustrate 
ongoing work and some provisional conclusions, as well as providing the opportunity for discussion of 
the approaches taken by the project and interim results. This discussion should be both within the 
project and between project members and the broader scientific and policy communities. Readers are 
encouraged to contact the authors to discuss the content of MATISSE Working Papers. 

 

Jill Jäger and Paul Weaver 

Editors of the MATISSE Working Paper Series 
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Abstract 
This article creates a meeting ground between two distinct and fairly elaborate research traditions 
dealing with social “transitions”: the Dutch societal transitions management approach, and the 
Viennese socio-metabolic transitions approach. After a brief reference to various social science strands 
of dealing with social change, the two research approaches are described, directing a particular focus 
on their respective epistemological and conceptual framing. In a final paragraph, the commonalities 
and differences between the two approaches are summarized. The key message is that the two 
approaches are rather complementary than competing, sharing several paradigmatic assumptions but 
applying the research in different contexts.  
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CONCEPTUALIZING, OBSERVING AND 
INFLUENCING SOCIO-ECOLOGICAL 
TRANSITIONS 

 

 

1 INTRODUCTION 
The purpose of our paper is to compare two different approaches for addressing „transitions“ of 
societal or socioecological systems. One of these approaches – the approach of the social ecology 
group in Vienna – is mainly “academic” in the sense of seeking to understand, through analyzing 
contemporary and historical developments, the  phenomenon of radical change in societies’ relations 
to the environment. The other approach – the approach of the Dutch group of scientists positioned 
within the Netherlands’ Fourth National Environmental Policy Plan (NEPP4) – bears, on top of its 
“academic” and analytic agenda, much more of a practical burden. It has been developed for and is 
involved in “transition management” in the Netherlands and beyond, trying to drive system 
innovations in the sense of technological, economic, socio-cultural and institutional changes towards 
more sustainable solutions. 

The Vienna social-ecological approach can be viewed as an increasingly mature theoretical outcome 
of a series of research projects using a common conceptual, theoretical and methodological framework 
of social metabolism and the Materials and Energy Flow Accounting (MEFA) methodology (Haberl et 
al., 2004). It has been applied on the level of nation states (for which the social metabolism 
methodology had been developed first) and on the level of local communities, in fully industrialized 
and in developing countries from various world regions, and in historical case studies across centuries 
(Fischer-Kowalski & Haberl 2007). While for the contemporary applications, the research was usually 
designed in a way so as to involve some stakeholders and contribute to capacity building on their part 
towards finding more sustainable solutions, the core of the projects consisted in the generation of 
scientific insight only. Very powerful stakeholders were rarely involved, and practically such powerful 
stakeholders had themselves never commissioned the research to promote change. 

In contrast, the Dutch transition management approach gained its momentum from a strong 
involvement in policies for achieving a sustainability transition in the Netherlands. At the national 
level in the Netherlands five ministries are experimenting with transition trajectories, among which the 
energy transition led by the Ministry of Economic Affairs is the most prestigious and most advanced. 
For a more detailed description of the energy transition process in the Netherlands the reader is 
referred to Kern and Smith (2007), Smith and Kern (2007), Loorbach (2007) and Kemp and Loorbach 
(2005). Also at the regional level in the Netherlands there are quite a few transition processes ongoing, 
as described in Loorbach (2007). In terms of management, they are in an initial stage. At the local 
level numerous transition experiments have been initiated in niches that are part of testing grounds, in 
the field of sustainable agriculture, mobility, construction, energy, spatial planning and health care. 
Outside the Netherlands, the interest in transition processes is growing, e.g. in the U.K., Germany, 
Austria, Finland and most concretely in Belgium, where two transition processes are attempted at the 
national level, one on waste management and one on sustainable housing and construction in Flanders. 

At present, a number of research projects are being undertaken to test the concept and framework of 
transition management more thoroughly and strengthen its analytical base. The empirical research 
activities range from historical reconstructions of transitions to studies on contemporary cases in 
which transition researchers actively participate. Some of the participatory case studies have been 
completed already. A database of historical transitions is under development. Thus, for the Dutch 
approach a diverse set of case study material on transitions is underway, forming a rich source of 
empirical material from which to draw. The transition management framework itself has evolved over 
recent years as a result of experiences with practical efforts. The challenge is to validate empirically 
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the concept of transition management in such a manner that it may be claimed as a scientifically well-
grounded framework to be used and further developed in a broad, international context.  

The different aspirations of the two approaches we compare generate different conditions for success, 
and also different degrees of intellectual freedom. For the Vienna social ecology approach, success 
mainly consists in providing an intellectual framework that finds resonance in and is convincing to 
various academic communities, that provides theoretical coherence and that appears to provide 
plausible explanations for a variety of empirical cases. Intellectual freedom manifests itself in the 
ability to quickly abandon the belief in certain transition mechanisms as soon as they seem to lack 
explanatory value. For the Dutch group, this is more difficult: in order to have a chance to actually 
experiment with certain mechanisms, it is necessary to win the commitment of key stakeholders. If 
assumptions are suspected not to hold true, they cannot so easily be given up: this might be to a certain 
extent at the expense of certain stakeholders. So the combination of intellectual leadership with 
practical political involvement generates very specific challenges. This difference has to be borne in 
mind with our undertaking of comparing the two approaches.  

 

2 THE FAMILY OF SOCIAL SCIENCE TRANSITION CONCEPTS 
One specific feature of transition is the idea that it lies between two qualitatively distinct states, and no 
linear, incremental path leads from one state to the other, but rather a possibly chaotic and dynamic 
interim process. Looked at from the inverse perspective, it is the particular methodological (even 
epistemological) achievement of the transition notion that it allows to distinguish two qualitatively 
different states (naming them differently, for example). In comparison, theories of growth or 
modernization do not lead to any order but along the time axis an “early” or “later period” of 
something may be recognised, but some homogeneity of the basic setting and gradual change with 
time are assumed. The “transition” assumption of discontinuities along the time axis suggests a change 
in the basic setting. One has to be aware, though, that this perspective is extremely sensitive to the 
choice of scale. Consider the process of walking: from a wider perspective (in terms of time say 
minutes, in terms of space say landscape level), it appears as a continuous process, progressing 
linearly across space, sometimes a little slower, sometimes fast. From a closer perspective (seconds in 
time, and a spatial focus on the human body), it appears as a cyclical process in which each leg is 
alternately lifted and set on the ground. From an even closer perspective (fractions of seconds, and 
groups of muscles) it would appear as a transition process between one group of muscles contracting 
and then relaxing, and then another group of muscles in action. This leads to the insight that transition 
theories and theories based on the assumption of gradualism do not necessarily contradict each other. 
One type of process may well be “nested” into the other. Only when both types of theory deal with the 
same scale of time, space and other variables, do they compete directly.  

Another ingredient of the transition notion is the idea of spontaneity or emergence: neither can one 
state be deliberately transformed into the other, nor can the process be fully controlled. Particularly if, 
as in sustainability research, this concept is applied to complex systems (societies, technology 
regimes...), one deals with autocatalytic or autopoietic1 processes to which orderly governance or 

                                                      
1 Autopoiesis literally means "auto (self)-creation" (from the Greek: auto - ����  for self- and poiesis - ����	
�  
for creation or production), and expresses a fundamental dialectic between structure and function. The term was 
originally introduced by Chilean biologists Humberto Maturana and Francisco Varela in 1973 and has been  
exemplified subsequently as follows: 

"An autopoietic machine is a machine organized (defined as a unity) as a network of processes of 
production (transformation and destruction) of components which: (i) through their interactions and 
transformations continuously regenerate and realize the network of processes (relations) that produced 
them; and (ii) constitute it (the machine) as a concrete unity in space in which they (the components) 
exist by specifying the topological domain of its realization as such a network." (Maturana, Varela, 
1980, p. 78)  



MATISSE Working Paper 26 

8 

steering cannot be applied. It is commonly assumed, though, that the system is less resilient during the 
take-off phase of a transition, when the old interrelations break apart but there is no clear directionality 
of change established yet (Rotmans et al., 2001, Berkhout et al., 2003). This lack of resilience can 
open opportunities for struggling forces within the system (as is assumed for example in Marxist 
theories), and it provides improved opportunities for systemic intervention. Systemic intervention 
takes into account the self-regulatory quality of complex systems, seeks to disturb them and cause 
resonance (for social systems, see Willke, 1996). The Dutch approach to transition management bears 
a close resemblance to the intervention concept in social systems theory, but it also carries with it 
some more specific features as will be described below. 

It makes a big difference how the overall process and the relations between the stages distinguished 
and connected by transitions are conceptualized. Processes in complex live systems are usually 
assumed to be irreversible – so there is a clear directionality of time. This directionality can either 
imply consecutive stages of a ‘developmental’ type (like ontogenesis, or Herbert Spencer’s notion of 
evolution, or Marxist historical materialism), or it may rather follow a Darwinian type of evolutionary 
theory by assuming the future to be contingent upon the past but principally unpredictable. In the first 
case, when a developmental conceptualization is employed, stage II follows with some kind of 
necessity from stage I, and it is, as a rule, considered superior, or more ‘mature’ (as an adult is more 
mature than a child). The progress to this more mature stage can be accelerated or delayed. If the 
process of maturing is severely irritated or prevented altogether, some unhealthy, handicapped state or 
even decay of the whole system will ensue. From state I, there is no real choice where to go: either 
there is a progression to state II, or there is no such progression, in which case the system will 
ultimately fail. In the contemporary family of transition concepts, quite a few follow this 
developmental, Spencerian conceptualization. This applies for example to the World Bank and OECD 
when they speak of ‘economies in transition’: then they mean economies in transition from 
(presumably outdated) state-planned to liberal market economies. Similarly it is assumed in 
developmental economics that countries and world regions still relying on agrarian subsistence have 
no other choice but a transition to industrialized market economies. This is well in tune with the 19th 
century belief in socio-economic progress as also embodied in Marx’s writings about the inevitability 
and superiority of capitalism over feudalism, even if it falls short of the next step of arguing the 
inevitability of socialism. In such socio-economic developmental theories, similar to those of child 
development, transitions occur according to an endogenous process, a built-in dynamics of the system 
itself. The social and maybe also the natural environment do play a role in providing more or less 
favorable conditions, but they are not the drivers of the ongoing dynamics. Accordingly, deliberative 
interventions into such a process only play a small role: they may remove internal or external obstacles 

                                                                                                                                                                      
"[…] the space defined by an autopoietic system is self-contained and cannot be described by using 
dimensions that define another space. When we refer to our interactions with a concrete autopoietic 
system, however, we project this system on the space of our manipulations and make a description of 
this projection." (Maturana, Varela, 1980, p. 89)  

The term autopoiesis was originally conceived as an attempt to characterize the nature of living systems. A 
canonical example of an autopoietic system is the biological cell. The eukaryotic cell, for example, is made of 
various biochemical components such as nucleic acids and proteins, and is organized into bounded structures 
such as the cell nucleus, various organelles, a cell membrane and cytoskeleton. These structures, based on an 
external flow of molecules and energy, produce the components which, in turn, continue to maintain the 
organized bounded structure that gives rise to these components. An autopoietic system is to be contrasted with 
an allopoietic system, such as a car factory, which uses raw materials (components) to generate a car (an 
organized structure) which is something other than itself (the factory). 

This term was adopted by the German sociologist Nicals Luhmann to describe the functioning of social systems, 
conceived of as systems of recurrent communication. (Luhmann 1984, Luhmann 1987) 
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to growth and maturation, or they may build up obstacles. There is no theoretical guidance for 
choosing or influencing the direction of the process: this direction is already deeply built in. 

In the second case, when either a more Darwinian evolutionary model or unspecified, open end change 
processes are assumed, the task of intervening in transition processes becomes more complex: it also 
encompasses the choice of direction. As this is really very difficult, there is always the temptation to 
pretend the proposed direction to be inevitable (as in the Spencerian conceptualization above). 
Historians who have analyzed structural change in the past may find the subjective conviction of 
actors not to make much of a difference: even humble conceptions of human governance over major 
historical change (that appears to be over-determined and under-determined at the same time) in 
retrospect seem overstated. But for the contemporary citizen who wishes to orient his/her personal, 
political and economic actions, how ongoing change and its direction are interpreted does make a 
difference. 

Contemporaries of the “great transformation” (Polanyi, 1944) from an agrarian to an industrial society 
during the 18th and 19th century clearly tended to share the perspective on evolutionary progress and 
its necessity that has been attributed to Herbert Spencer above. This applies to Adam Smith who in his 
Wealth of Nations (Smith, 1776) interpreted all of human history teleologically as a mere foreplay to a 
capitalist liberal market economy (or the “commerce” mode of subsistence, as he termed the stage 
following “agriculture”), the final civilization realizing human nature. For Adam Smith, there was no 
doubt that the commerce mode of subsistence was superior to agriculture, and that it would triumph by 
its own dynamics. Deliberative human intervention could only produce obstacles slowing this process 
down or it could remove such obstacles. This also applies to Karl Marx who shares Smith’s 
enthusiasm for the superiority of capitalism over the previous stage (with him it is “feudalism”) as 
well as his conviction that capitalism would finally sweep away the remnants of traditional society. 
For Marx, though, human agency plays a much larger role. This applies to the transition from feudal to 
capitalist society: even if the driving force in the background is technology (the “development of the 
means of production”), it requires the bourgeoisie to be successful in class struggle for an actual 
breakthrough of the new social formation. Equally, it requires not only the existence, but also the 
political organization of a new class towards the goal of overcoming capitalism. The next stage, 
socialism, would then be characterized not by the reign of blind market forces, but by collective 
human rationality and justice. This transition will not ensue mechanically, nor can it be managed and 
controlled at deliberation, but it will eventually come about as a result of societal struggles.  

Nowadays, the discourse over a possible transition to a more sustainable form of society and economy 
is guided by trust in iron necessities of progress, no more. While a more sustainable society is 
generally considered superior to the current mode (which is widely recognized to be unsustainable), 
there is no strong breath of history felt that would take us there, like it or not (Brand, 1997). Nor are 
there highly organized conflicting societal forces that would drive this transition process. The 
transition to a more sustainable society is more a matter of reason than of passions, and certainly as yet 
does not appear as the logical and inevitable next stage. To many, though, it appears as the only 
plausible alternative to chaotic and possibly catastrophic turns of history. A sustainability transition is 
not conceived of as happening automatically, all by itself. It may only be brought about by deliberative 
human agency – and this human agency can be organized in a variety of ways. 
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3 THE VIENNESE SOCIO-METABOLIC TRANSITIONS 
APPROACH 

The notion of transition implies that one has a major change in mind – not incremental adjustments or 
improvements, but a qualitatively new state of the social-ecological system. But isn’t ‘transition’ 
exactly what the world globally is undergoing now anyway? For the Viennese approach, the answer is 
yes. The point of departure for the analysis, therefore, is not a diagnosis of a social system being stuck, 
being locked in a certain pattern, but a diagnosis of ongoing rapid, also fundamental, social change.  

The environmental historian John McNeill (2000) addressed this phenomenon by the ironical title 
“Something New Under the Sun” when reviewing the 20th century. According to the statistics he 
assembled, there is rarely any dimension of human social life and interference with the environment 
that has not undergone a rapid expansion worldwide. During this one century, the human population 
expanded by a factor 5 but economic activity expanded even more. So what should make us think we 
are in some steady state, or any equilibrium? How can we possibly not think that we are in the middle 
of a pretty explosive transition?  

Usually, “transitions” are broken down into a formal sequence of phases that lead from a status quo 
state to a new equilibrium. A common distinction is between a take-off phase (in which the status quo 
is still in place, but there are various symptoms of its beginning to destabilize) followed by an 
acceleration phase in which many rapid changes take place, and a subsequent stabilization phase 
where changes are de-accelerating and the features of a new equilibrium begin to crystallize. Taking 
John McNeill’s reconstruction of the 20th century seriously, the world is neither in a stable status quo, 
nor in the position of a new equilibrium. Even if the term “dynamic equilibrium” is used very 
liberally: an ongoing physical explosion in limited space cannot be described as an equilibrium. On the 
other hand, it is also hard to believe the global socio-ecological system to be still in a take-off phase, if 
all of the past century was marked by such tremendous changes. It appears most likely that it is within 
an acceleration phase, in the middle of a transition. How far in this acceleration we still have to go, is 
the question. Maybe we are already close to a new equilibrium. It is highly improbable that the socio-
metabolic regime we see now will continue for, say, another two hundred years. The ongoing 
transition is bound to lead to some new, as yet unknown state.  

One arrives at such a storyline on transition from a global perspective and the vantage point of 
environmental history. On another time scale, and for another selection of variables, other events come 
into sight as being a transition. Which time scale is employed depends among other reasons on the 
preconceptions about sustainability: If one feels a sustainable state of society and the environment is 
fairly close to where we are now, there is no need to discuss time spans of more than a few decades; if 
one feels such a state is fairly different to the present and therefore will take quite some time to 
develop, one needs to look at larger time spans. In the socio-metabolic transition approach (Fischer-
Kowalski & Haberl 2007), a large time frame is considered, a time frame from decades to centuries, 
and global interconnectedness. On this scale one cannot easily deal with actors and their deliberate 
efforts. What one can mainly analyze is structural change of interlinked social and natural systems, 
across a broad range of variables. Among these, the Viennese approach focuses on a relatively narrow 
set, circumscribed by a particular paradigm as specified below, a set of variables localized at the 
society-nature interface for which quantitative measurements can be reliably obtained in very different 
contexts. The advantage of this restraint is that one can demonstrate the interconnectedness of (some) 
socio-economic changes and (some) changes in natural systems very clearly, and thereby acquire the 
ability to model important necessities and constraints for a sustainability transition. 

Socio-metabolic regimes as dynamic equilibria of so ciety-nature interrelations 

A socio-metabolic transition is a transition from one socio-metabolic regime to another. What is a 
socio-metabolic regime? These regimes are conceptualized as dynamic equilibria of complex systems 
of society-nature interaction, characterized by a specific socio-metabolic profile; between them, 
transitions may occur. What, then, is a (human) society? The Viennese team has invested a major 
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theoretical effort to clarify this term in a way that allows for consistently taking into account 
interrelations with the environment (see Fischer-Kowalski & Weisz 1999).  

In sociology, the most common usage of the term ‘society’ refers to a social unit consisting of a 
population on a certain territory, integrated by cultural commonalties as well as by political 
commonalties such as shared procedures of decision making, ways to enforce them, shared mutual 
responsibilities such as participatory duties, and a certain guarantee of care in the case of need (see for 
example Giddens, 1989). While in sociology the idea of common governance (such as the modern 
nation state) is particularly important for the notion of society, cultural anthropology tends to stress the 
functional aspect of mutual interdependence and reproduction. 

Conceiving of society as a social unit functioning to reproduce a human population within a territory, 
guided by a specific culture, is sufficiently abstract to be applied to very different historical 
circumstances, and it links elements that are symbolic, creations of social communication and 
transmitted by communication between humans, subject to the rules of meaning and powerful for their 
meaning only (‘culture’), and elements of a clearly natural origin and character, firmly subject to the 
rules of physics and biology (‘population’, ‘territory’). The Viennese team bases its concept of society 
on the sociological systems theory developed by the German sociologist Niklas Luhmann, on the one 
hand, on an ecological anthropology understanding (as manifests itself for example in Maurice 
Godelier’s work, see below) of society-nature relations, on the other.  

Luhmann’s notion of society is focused on communication and on communication only. It is devoid of 
any material, physical ingredients. Society, according to Luhmann, is the social system comprising all 
communication (Luhmann, 1984, Luhmann, 1997). People, in the sense of physical persons, belong to 
society’s environment, and so do all other material components such as habitat/territory, physical 
infrastructure or artifacts. The power of Luhmann’s notion of society lies in its consistent theoretical 
make-up. It is founded in systems theory; it rests upon a concept of self-organization (or self-
construction: autopoiesis) of complex systems, and it invites thinking in functional differences. 
Systems theory, so we believe, provides a very good base for conceptualizing a world of meaning that 
is highly integrated internally and reproduces its boundaries vis-à-vis elements that do not “fit”. This 
world of meaning and of communication is governed by quite different causalities (or: inter-linkages) 
than the material world.  

Why should someone interested in society-nature-interactions find Luhmann’s framing of social 
systems as systems of communication, completely devoid of biophysical characteristics, an important 
theoretical tool? A quick answer: because it allows a systematic conceptualisation of those features of 
human society that distinguish it from biophysical, or “natural”, systems. And it frames them in terms 
of a theory of complex systems formally developed in biology by Maturana and Varela (1975). This 
theory departs from self-referential operations that – if operationally closed – lead to system 
formation, that is to the establishment of a boundary between a system and its environment. With 
Luhmann, in social systems these self-referential operations are communications, that in a recursive 
process establish programs and codes that differ between functionally differentiated subsystems and 
build up a high internal complexity (Luhmann 1995). On the other hand: the price for this “purity” of 
focus on symbolic communication is impotence towards the material world. How can a symbolic 
system make a difference in matter and space? The answer is: it cannot. It needs an outside agent to 
“reach over” into material affairs. It seems obvious what this agent can be, has to be: the human, as a 
hybrid of both realms, a sharer of symbolic understanding and thus a communicator, and a bodily 
creature with the ability to act.  

So Luhmann’s conception of autopoietic systems of communication is accepted as a very valuable tool 
– but this cannot be all there is to social systems, it cannot be all that makes up “society”. For the 
purpose at hand, the term society must not be deprived of all material meaning, society must not so 
exclusively be self-referential that it cannot move a chair. It does seem practical to distinguish between 
society and culture, and to employ both notions. The Viennese social ecological solution is to adopt 
Luhmann’s system of communication for culture and allow society to maintain some material features: 
To look upon society as a hybrid of the realm of culture, of meaning, of communication, and of the 
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material world. Society, in this understanding (see, in some more detail, Fischer-Kowalski & Weisz 
1999), comprises a cultural system as a system of recurrent self-referential communication, and 
material components: a certain human population, and – here we already touch the core of our 
understanding of society-nature-interrelation – a physical infrastructure (buildings, machines, artifacts 
in use, and animal livestock). It is via these biophysical components of society that culture interacts 
with nature: it is only indirectly that they may influence each other, and only according to each others 
rules. Conceived like this, societies are no “systems” in a strict sense of systems theory. They consist 
of a “structural coupling” of a cultural system with material elements. 

To conclude, in the Vienna approach society is conceived as a structural coupling between a cultural 
system and material elements, among them, as its functional focus, a human population. Society is 
guided by two programmes, two types of software, at the same time: a cultural software (that 
determines meaning and moulds intentions), and a natural software that determines material 
effectiveness. Society has this in common with all other social units. It is distinguished from them by 
particular features, in which we basically follow the traditions most common in sociology and cultural 
anthropology (see above). Thus society is not regarded as a subsystem of an ecosystem, as often 
conceptualised within natural science based sustainability research (Berkes and Folke, 1998). On the 
other hand, the relevance of biophysical aspects is maintained and social systems do not appear as 
devoid of any material, biophysical ingredients as common in much of the humanities, sociology and 
economics. Society comprises a cultural system, as a system of recurrent self-referential 
communication, and material components, namely, a certain human population as well as a physical 
infrastructure such as buildings, machines, artefacts in use, and animal livestock, which in their 
entirety can be denoted as “biophysical structures of society.” (Weisz et al., 2001, 121, Fischer-
Kowalski and Weisz, 1999) 

 

Figure 1: Socio-ecological systems as the overlap of a natural and a cultural sphere of causation 
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Based on such a notion of society, an epistemological framework for the interaction of social and 
natural systems is specified, as shown in Figure 1. It comprises a “natural” or “biophysical” sphere of 
causation governed by natural laws, and a “cultural” or “symbolic” sphere of causation reproduced by 
symbolic communication. These two spheres overlap, constituting what is termed “biophysical 
structures of society.” According to this concept, the interaction process between nature and culture 
can only proceed via these societal biophysical structures. 

Socio-metabolic regimes, metabolic profiles and tra nsitions in world history 

If society is a hybrid, comprising an autopoietic cultural system, and material elements to which it is 
structurally coupled, then the very interactions between society and its material environment are of 
decisive importance for the development of society itself. This is indeed the core hypothesis of 
Maurice Godelier in the introduction to his book The Mental and the Material: “Human beings have a 
history because they transform nature. It is indeed this capacity which defines them as human. Of all 
the forces which set them in movement and prompt them to invent new forms of society, the most 
profound is their ability to transform their relations with nature by transforming nature itself" 
(Godelier, 1986, p.1). This way of looking at history relates to the Marxist tradition, but it transcends it 
in an ecological, or co-evolutionary direction. The classic reading of Marx leads to a discussion of 
changing “modes of appropriation of nature” through the development of new means of production, 
i.e. technology. Godelier’s reading stresses the fact that human appropriation of nature modifies nature 
and this modified nature in turn stimulates social change. Godelier thus deviates from common social 
science by viewing nature as historically variable, not as static – and his core hypothesis attributes 
societies’ historical dynamics to a feedback process from nature. So, according to Godelier, the 
dynamic force in human history is not so much the dialectics of “means of production” and “modes of 
production” with nature as an external element, as something to be appropriated, but is instead the 
very interaction between social and natural relations itself.  

If we now look upon society as reproducing its population, it does so by interacting with natural 
systems: by organizing energetic and material flows from and to the environment, by means of 
particular technologies, and by transforming natural systems through labour and technology in specific 
ways to make them more useful for society’s purposes. This in turn triggers intended and unintended 
changes in the natural environment upon which societies react. This is a co-evolutionary process: 
societies become structurally coupled to parts of their environment, leading to a process where both 
mutually constrain each other’s future evolutionary options (Goudsbloom, Jones et al. 1996). The co-
evolutionary process then is maintained by the specific exchange relation with the environment, by the 
particular way a society interacts with certain natural systems. In this co-evolutionary process, ideal 
type “states” can be distinguished, patterns of society-nature interactions that remain in a more or less 
dynamic equilibrium over long periods of time (“socio-metabolic regimes”), and periods of transition.  

For the Viennese social ecology approach, socio-metabolic regimes in world history correspond to 
what many authors, using different terms, have addressed as human modes of subsistence. (Boyden, 
1992, Diamond, 1997, Gellner, 1988, Sieferle, 1997). The transitions between these modes of 
subsistence have often been called “revolutions”, namely the Neolithic revolution (the transition from 
hunting-gathering to agrarian society) and the Industrial revolution (the transition from agrarian to 
industrial society). Why did particular socio-metabolic regimes not last forever, or, in other words, 
why were they not sustainable? Why was there, for example, a transition from hunting-gathering to the 
agrarian mode? And why, after roughly 10 000 years of agrarian societies, did a transition we call the 
Industrial revolution start, leading to another mode which is still so dynamic that we find it hard to 
look at it as a mode, as a socio-metabolic regime of some dynamic stability, at all? And in what 
relation to all this is a possible future socio-metabolic regime we might head for as ‘sustainable’? 
These are grand questions indeed, and they are dealt with by this approach to put the sustainability 
transition in perspective. 

In looking back into history, reference is made to the work of the environmental historian Sieferle 
(2003). According to him, hunters and gatherers sustain themselves on passive solar energy utilization, 
that is, their socio-economic energy metabolism depends on the existing density of solar radiation and 
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its transformation into plant biomass – they do not deliberately intervene into this transformation 
process. Thus hunters and gatherers must more or less live on the resource density they find and can 
neither accumulate nor seriously pollute their environment. The only sustainability threat they pose is 
overexploitation of key resources. For example, there is evidence that hunter-gatherers, although they 
probably consumed less than 0.01% of the net primary production (NPP) of their habitat, contributed 
to the extinction of a significant part of the Pleistocene megafauna (i.e., of animals over 10 kg body 
mass which are most suitable for hunting and were, therefore, an important part of their resource 
base). Although the issue is highly controversial, it is a case for bringing the hunter-gatherer socio-
metabolic regime into debate, as far as sustainability is concerned. However, this socio-metabolic 
regime could persist for several hundred thousand years. 

Agrarian societies, following Sieferle, are characterized by an energy regime of “active solar energy 
utilization”. Their solar energy utilization is active insofar as they intervene into the solar energy 
transformation process by biotechnologies and by mechanical devices. Most important is the 
biotechnological transformation of terrestrial ecosystems: agrarian societies clear forests, create agro-
ecosystems, breed new species and seek to extinguish other species. The core strategy is the 
monopolization of area (and the corresponding solar radiation) for organisms with high utility for 
humans. Mechanical devices, on the other hand (such as the sailing boat or the watermill), transform 
solar energy occurring as wind or running water into a movement that can be utilized by humans. 
Agrarian societies seem to have always, more or less successfully, struggled with keeping the delicate 
balance between population growth, agricultural technology, labour force needed to maintain the 
productivity of agro-ecosystems, and the maintenance of soil fertility. Agrarian civilizations were 
always at risk, most often from a combination of technological and political dependencies and the 
fluctuations of natural systems. Not only did Ancient Mesopotamians gradually degrade their soils by 
irrigation techniques, forcing peasants at first to give up wheat cultivation for the more salt tolerant 
barley, and later to abandon cultivation altogether, but also medieval peasants in the Netherlands lost 
their fight against sand-dunes. Nevertheless, the agrarian socio-metabolic regime, in many parts of the 
world, persisted for several thousand years and still persists.  

The presently dominant industrial socio-metabolic regime dates back no more than three hundred 
years and is based upon the utilization of fossil fuels. Its sustainability seems limited not only by the 
limitations of its energy resource base, but also by the transformations it globally triggers in various 
life-sustaining natural systems. Today, Global Change research provides ample evidence that major 
human-induced changes can be found on any spatial scale, from local to global, and transform the 
earth system at an increasing pace (Schellnhuber, 1999, Turner et al., 1990). So this socio-metabolic 
regime is bound to change, as it erodes its natural base. In this situation, sustainability may be about 
guiding this transition within a corridor of acceptable quality of life, for present and future human 
generations.  

In the Viennese approach, the MEFA framework as described below is a core device to analyse and 
understand the metabolic exchange relations between human societies and their natural environments, 
the feedbacks that transform both social and natural systems, and the biophysical limitations of the 
systems involved. Current approaches towards analysing the biophysical aspects of the earth system 
(e.g., Schellnhuber, 1999, Schellnhuber and Wenzel, 1998) can be traced back to the work of 
ecologists (e.g., Lotka, 1925; Lindeman, 1942; Odum, 1969) who conceptualised ecosystems using so-
called compartment models. In these models, ecosystems are analysed by defining compartments – 
that is, black boxes transforming defined inputs into outputs, according to some internal mechanisms, 
and depending on their own structure as well as on the state of all the other compartments of the 
system. Ecosystem research proceeded by analysing the physical stocks within and flows between the 
compartments and the mechanisms controlling these flows.  

Studying material and energy flows related to socio-economic activities in a similar way as “socio-
economic metabolism” can be traced back at least as far as this ecological research strategy (for 
reviews see Fischer-Kowalski, 1998, Martinez-Alier, 1987). In the present context, the socio-
economic metabolism approach is attractive as it allows defining the biophysical structures of societies 
in a way that is compatible with the compartment models usually used in systems ecology (Haberl, 
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2001). That is, the metabolism approach allows looking at biophysical aspects of a society as if it were 
an ecosystem compartment: its material stocks as well as the flows between the biophysical structures 
of society and the rest of the natural world. So basically the same concepts and methods can be used to 
deal with social and natural systems.  

 

Figure 2: Biophysical dimensions of social systems 

 

The stocks and flows listed in Figure 2 deliver a biophysical description of any society in analogue to 
an ecosystem, and the interrelations between stocks and flows are – within a certain range - 
determined by natural processes. By a description of these parameters, any society can be ‘grounded’ 
within natural systems. 

As a means of social science analysis, this is uncommon but hardly new. Anthropology for example 
has a long tradition of analysing the relation between simple societies and their natural environment by 
tracing energy flows (e.g., White, 1943, Rappaport, 1971). For complex modern societies, such an 
approach can be traced back to the early 1970s (Boulding, 1973, Ayres and Kneese, 1969). It would 
not be as attractive, though, if it provided no more than a biophysical description. What it does in 
addition to or on top of that biophysical description is to establish a relation to a core cultural system 
of modern society: the economy. In particular, MEFA seeks to analyse biophysical aspects of society 
in a way that is compatible with the most common and powerful tool for societal self-observation, the 
system of national accounts. By means of this “double compatibility” the approach establishes a link 
between socio-economic variables on the one hand, biophysical patterns and processes on the other 
hand.  

Another set of relations, listed in Figure 2, centres around territory and land use – one of the most 
important socio-economic pressures upon the environment and driving forces of Global Change 
(Meyer and Turner, 1994, Vitousek, 1992). This set of relations comes under the heading of 
“colonization of terrestrial ecosystems” (Fischer-Kowalski and Haberl, 1998, Haberl et al., 2001, 
Krausmann and Haberl, 2002). While socio-economic metabolism refers to the exchange of energy 
and matter between social and natural systems, colonization refers to society’s deliberate interventions 
into natural systems in order to create and maintain a state of the natural system that renders it more 
useful socially (Fischer-Kowalski and Weisz, 1999). Thus colonization refers mainly to human labour 
and to the information, technologies and skills involved in making labour effective. This theoretical 
concept has within the MEFA approach become operational in describing land-use. Socio-economic 
land-use can be related to changes in ecosystem patterns and processes. The impact of land-use can be 
measured by comparing ecosystem patterns and processes that would be expected without human 
intervention with those observable in the presence of interventions. An example for this approach is 
the calculation of the “human appropriation of net primary production,” or HANPP (Vitousek et al., 
1986, Haberl et al. 2007).  

By using the MEFA approach, the Vienna team has been able to reconstruct the metabolic profiles of a 
large number of social systems on various scale levels, and across long time series. As a result, the 
characteristic metabolic profiles of regimes can be identified (see table 1), and this allows a reframing 
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of the sustainability transition problem. It becomes apparent that in history so far, transitions between 
one socio-metabolic regime and the next were associated with a substantial increase in energetic and 
material metabolism (in terms of joules and tons on socio-economic input per capita population). This 
increase was 3-5 fold in the case of the hunter & gatherer transition to agriculture (Fischer-Kowalski 
and Haberl, 1997), and it again was (and is) 3-5 fold in the agrarian-industrial transition (see table 1). 
On the global level today, about two thirds of the world population live more or less by a metabolic 
profile of the agrarian societies in the past, and they are rapidly about to change that towards an 
industrial profile. For the industrial countries, it is very clear that a next historical transition cannot 
follow the old pathway of multiplying energy and materials use once again. If there is to be a meaning 
to a sustainability transition, it should imply a substantial reduction in primary energy consumption 
and material flows – and this would also have to demonstrate a pathway for the developing countries 
to pursue.  

Thus the Viennese approach seems to be able to outline the problem, and also some of the quantities to 
deal with. But for translation into policies, it offers – at best – some theoretical guidelines and some 
targets. This is exactly where the Dutch “transitions management” approach comes in. This much 
more pragmatic, action oriented research tradition has evolved to deal with those “persistent 
problems” ingrained in what the Viennese call a socio-metabolic regime. Can the Dutch notion of 
transition be reconciled with, and fruitfully related to the Viennese MEFA approach referred to above?  

 

Table 1 Metabolic profiles of the agrarian and the industrial socio-metabolic regime 

  Agrarian 
regime 

Industrial 
regime 

LD DC EU 

15 

UK 
1750 

UK 
1830 

UK 
2000 

Population 
density 

[cap/km²] 30-40 100-300 40 76 116 30 76 247 

Energy use 
per cap 

[GJ/cap/yr] 50-70 150-400 33 64 205 63 68 189 

Energy use 
per unit area 

[GJ/ha/yr] 20-30 200-600 13 49 216 19 52 468 

Biomass [%] 95-100 10-30 92 50 23 94 54 12 

Fossil fuels [%] 0-5 60-80 8 50 77 6 46 78 

Other  [%] 0-5 0-20 * * * * * 10 

Material use 
per cap 

[t/cap/yr] 2-5 15-25 4.2 6.8 16 5.7 6.4 11.6 

Material use 
per unit area 

[t/ha/yr] 1-2 20-50 1.3 4.8 18 1.7 4.9 28.7 

* included in numbers for fossil fuels. LD = least developed countries, DC = Developing Countries ( 
by UN-defnitions) 

Sources: F. Krausmann, V. Gaube, K.-H. Erb, S. Gingrich, unpubl. results, Schandl and Eisenmenger, 
2006, Weisz et al., 2006, Krausmann et al., 2003, Sieferle et al., 2006. 

Reprinted from Fischer-Kowalski & Haberl 2007, p.231 (slightly abbreviated) 

 

 

 

 



MATISSE Working Paper 26 

17 

4 THE DUTCH TRANSITION MANAGEMENT APPROACH 
 

A complex systems & process approach to transitions  

The reference point for the transitions management approach is the existence of  persistent problems. 
Society faces a number of persistent problems whose symptoms are becoming more and more 
apparent. Persistent problems are the superlative form of what Rittel and Webber (1973) refer to as 
‘wicked problems’. They are complex because they are deeply embedded in our societal structures, 
uncertain due to the hardly reducible structural uncertainty they include, difficult to manage with a 
variety of actors with diverse interests involved and hard to grasp in the sense that they are difficult to 
interpret and ill-structured. Examples of persistent problems are: the energy problem with 
anthropogenic climate change as a manifestation and the mobility problem with traffic congestion and 
air pollution due to increased mobility. Persistent problems could generally be considered to be 
symptoms of an unsustainable society (Rotmans, 2005). These problems cannot be solved using only 
current policies. Existing policies are necessary but not sufficient, much more is needed (Ministry of 
Housing, Spatial Planning and Environment 2002).  

Persistent problems require transitions: changes in the structure, culture and practices of societal 
systems (Loorbach & Rotmans, 2006). We define a transition as a fundamental change in structure, 
culture and practices (Loorbach & Rotmans, 2006). With structure we mean a broad conceptualization, 
including physical infrastructure (physical stocks and flows), economic infrastructure (market, 
consumption, production) and institutions (rules, regulations, collective actors such as organizations 
and individual actors). With culture we mean here the collective set of values, norms, perspective (in 
terms of coherent, shared orientation) and paradigm (in terms of way of defining problems and 
solutions). So culture in our transition context has a specific meaning and differs from the traditional 
sociological conceptualization of culture. And with practices we mean the whole of production 
routines, behaviour, ways of handling and implementation at the individual level, including self-
reflection and reflexive dialogue. In earlier publications (Rotmans, 2005) we defined transitions as a 
mutual interplay between structures, actors and practices. Transitions cannot be steered in command 
and control terms, because they are too complex phenomena with many uncertainties and surprises. 
However, transitions can be influenced and guided, in terms of influencing the speed and direction of 
these processes. The latter we call transition management, which will be described below (Loorbach 
and Rotmans, 2006).  

The concept of transition has been studied for a long time in several disciplines, e.g. in biology and 
population dynamics (Davis, 1945), in economics (Rostow, 1960 and Boulding 1970), in sociology 
(Ness et al., 1993), in socio-technical sciences (Rip and Kemp, 1998; Kemp, Schot and Hoogma, 
1998; Geels, 2002) and complex systems sciences (Rotmans et al., 2001; Loorbach, 2007). All these 
research approaches have their (multi-) disciplinary function and added value, but none of them is 
comprehensive enough to address the complex nature and multiple dimensions of societal 
transformations. Within the context of the Dutch Knowledge Network on System Innovations and 
Transitions (KSI) the ambition was therefore to investigate the phenomenon of transitions along inter- 
and trans-disciplinary research lines. The research programme focuses on the following questions: (i) 
How and where do transitions emerge? (ii) Can we recognise, monitor and project them at an early 
stage? And (iii) How can we manage (influence) transitions, using which mechanisms and 
instruments?  

In order to address these questions we brought together three strands of science that are highly relevant 
to investigate transitions. First of all, complex systems science to study transitions from a systemic 
viewpoint, allowing for comprehensive analyses that incorporate relevant determinants and 
mechanisms of transition processes. Second, historical knowledge, because there is much we can learn 
from historical transitions, allowing for a rich empirical basis from which to draw. And finally, 
governance science, because we want to know not only what transitions are and how they arise, but 
also how we can influence them and by what kind of innovative policy instruments. The KSI 
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programme is now fully operational with about 100 scholars working at 10 universities in the 
Netherlands. The programme is embedded in a European research context, with collaborations with 
English, German, Swedish and Austrian research institutes.  

We started from a number of overarching (or bridging) concepts to strengthen the coherence among 
the various disciplinary angles. A first bridging concept is that of co-evolution. In the biological or 
economic context co-evolution refers to mutual selection of two or more evolving populations (van 
den Bergh and Stagl, 2004). In the complex systems context, co-evolution means that a complex, 
adaptive system co-evolves with its environment, referring to interdependencies and positive 
feedbacks between the complex system and its environment (Mitleton-Kelly, 2003), in a fashion quite 
similar to that  conceptualized by the Viennese group (see above). In the transition context, however, 
we speak of co-evolution if the interaction between societal subsystems influences the dynamics of the 
individual societal subsystems, leading to irreversible patterns of change (Kemp et al., 2007). 
Economic, cultural, technological, ecological and institutional subsystems co-evolve in many ways 
and can reinforce each other to co-determine a transition, although this is an exceptional pattern of 
radical, structural change.  

A second overarching concept is that of multi-level interaction. The multi-level concept describes a 
transition as interference of processes at three different scale levels: macro-meso-micro. It provides a 
descriptive ordering framework that also has some explanatory value (Geels and Kemp 2000). The 
scale levels are interpreted as functional scale levels, not spatial or geographical scale levels. They 
represent functional relationships between actors, structures and working practices that are closely 
interwoven (Rotmans, 2005). The higher the scale level the more aggregated the components and the 
relationships and the slower the dynamics are between these actors, structures and working practices. 
The multi-level concept provides a snapshot in time of the transition dynamics at the various scale 
levels. It shows that the dynamics of a transition do not start in one place but at different locations at 
different scale levels. Only when these opposing dynamics modulate (have a similar direction), can a 
scaling up effect and thus a spiral effect emerge as a necessary condition for achieving a transition.  

Another overarching concept is that of multi-phase. The multi-phase concept describes a transition in 
time as a sequence of four alternating phases: (i) the pre-development phase from dynamic state of 
equilibrium in which the status quo of the system changes in the background, but these changes are not 
visible; (ii) the take-off phase, the actual point of ignition after which the process of structural change 
picks up momentum; (iii) the acceleration phase in which structural changes become visible; (iv) the 
stabilization phase where a new dynamic state of equilibrium is achieved (Rotmans et al. 2001). The 
manifestation of alternating phases is the so-called S-curve, but other manifestations in time are also 
possible such as lock-in situations as a result of increasing path dependence. The sequence of phases 
does not follow a set pattern: the transition is surrounded by great uncertainty and complexity, so the 
degree of predictability is relatively small. A transition, however, does imply generic patterns such as 
path dependency that indicate the future transition path. Ordering the phases is not done to forecast the 
course of a transition through time, but to create an opportunity to recognize the various phases and to 
provide guidelines for a sustainable direction of a transition.  

Another shared concept is that of transition management: this is conceived as co-evolutionary 
management through a process of searching, learning and experimenting. Managing here means 
adjusting, adapting and influencing rather than the command and control mode (Rotmans 2005; 
Martens and Rotmans, 2005; Loorbach, 2007). Transition management is not directly focused on a 
solution, but is explorative and design-oriented. The concept of transition management is based on 
common notions from complex systems theory and new forms of governance that are folded into a 
new management paradigm. This starts from complexity and uncertainty as triggering mechanisms of 
societal innovation, not as obstacles that have to be fully controlled. An essential feature of transition 
management is the explicit coupling of content and process embodied in a cyclical, iterative, 
interactive and participatory stakeholder discourse process.  

And a final shared concept is that of co-production and social learning. This means that knowledge is 
developed in a complex, interactive process of co-production with a range of stakeholders involved 
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through a process of social learning. The underlying rationale is that a synthesis can take place only 
through frequent interactions between theoretical knowledge, practical knowledge and practical 
experience, as a result of which innovation can penetrate and take root at the societal system level. 
Social learning is crucial in such a process of non-linear knowledge generation. It does not really refer 
to learning in the sense of the transfer of knowledge, but more to learning in terms of developing in 
interaction with others that may have another viewpoint of reality. In transition processes social 
learning is aimed at the process of ‘reframing’, which ultimately leads to a change in perspective 
among stakeholders who jointly try to find a shared problem perception and directions for sustainable 
solutions. 

Here we focus on the combination of a complex systems approach with an integrated process 
approach. This theoretical and applied research has two pillars: (i) research into the non-linear 
dynamics of transitions; (ii) research into the governance of transitions. Both pillars will be briefly 
described below. The overall aim is to develop a theoretical framework that tries to describe and 
explain the dynamics and underlying mechanisms of transition patterns and that provides levers for 
influencing them at various levels with different instruments. The research is directed towards the 
exploration of transition patterns, pathways and the underlying mechanisms, using insights from 
complex systems science. 

Essentially, complex adaptive systems can be defined by the following key characteristics: co-
evolution, emergence and self-organization. In the biological or economic context co-evolution refers 
to mutual selection of two or more evolving populations (van den Bergh and Stagl, 2004). In the 
complex systems context, however, co-evolution means that a complex, adaptive system co-evolves 
with its environment, referring to interdependencies and positive feedbacks between the complex 
system and its environment (Mitleton-Kelly, 2003). Emergence in complex system terms means the 
‘spontaneous’ formation of new structures and patterns in the system from within. And self-
organization is the ability to develop a new system structure as a result of the system's internal 
constitution and not as a result of external management (Prigogine and Stengers 1984). 

A complex adaptive system is in a certain state of dynamic equilibrium, where there is apparently little 
change, but on closer examination there is a constant stream of minor mutations taking place (variation 
and selection) in the structure of the system (Holland, 1995). This develops itself in the direction of a 
specific attractor whereby a dominant regime (state of configuration) (Kauffman 1993) emerges. This 
fundamental configuration of the system has a relatively stable structure and order: there is a dynamic 
equilibrium. For a certain period of time the state of equilibrium offers certain advantages to the 
system: specific objectives can be achieved, tasks can be carried out and consistency can be built up 
incrementally. These periods of equilibrium therefore last for a relatively long time. However, after a 
while, mismatch can arise between the system and its surroundings, giving rise to certain tensions. 
Internal and external factors contribute to this ‘mismatch’. New internal structures emerge which 
threaten and can eventually destroy the existing deep structure. On the other hand sudden external 
changes can happen, such as surprises, but gradual developments also occur, such as specific policy or 
developments in the market. These internal and external changes create the climate for structural and 
radical change, but do not actually cause change to take place.  

The change itself can be caused by a small core of agents who are able to erode the existing deep 
structure and ultimately dismantle and overthrow it. The system is approaching a critical point – at the 
intersection of two attractors – that leads to a relatively short period of instability and chaos. The 
system reorganizes itself, creates a new regime in a renewed structure and develops itself towards a 
new attractor on the way to a new dynamic equilibrium and the cycle begins again, with a higher 
degree of complexity. Alternatively, the system is unable to react adequately to the radical internal and 
external changes, is unable to renew itself, follows a sub-optimal path and eventually dies out. In this 
way relatively long periods of equilibrium, order and stability are interspersed with relatively short 
periods of instability and chaos. There are therefore periods when the system behaves in a relatively 
orderly manner and, to a limited extent, is predictable. However, there are also periods in which chaos 
rules and the behaviour of the system is quite unpredictable. The process of transformation is not 
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characterized by steady and gradual developments, but by periods of relatively drastic, sudden and 
radical changes, also known as ‘punctuated equilibria’ (Gersick 1991; Gould and Eldredge 1977).  

Transition dynamics of societal systems can be looked upon as a particular case of this complex 
systems dynamics (Rotmans, 2005; Martens and Rotmans, 2005). In a transition, the complex adaptive 
system is successfully adjusted to changed internal and external circumstances and the system thus 
arrives at a higher order of organization and complexity. In societal systems a small group of 
newcomers might build up niche regimes that are able to ultimately break down the incumbent regime 
and ultimately establish a new regime. In the socio-technical literature a regime is characterized by a 
set of rules (regulative, normative and cognitive) where the unit of reference is a particular socio-
technological environment (Kemp et al. 1998; Geels, 2002). Here we define a regime in a broader 
sense, with a specific societal system as a unit of reference: a conglomerate of structure (institutional 
setting), culture (prevailing perspective) and practices (rules, routines and habits). The regime’s 
cognitive, normative and regulative institutions act to establish and reinforce stability and cohesion of 
societal systems, but they also limit innovation to localised, incremental improvements (Geels, 2005). 

The change itself is usually caused by new structures formed by small cores of agents (components) 
that align themselves with the new configuration. The new structures emerged whereas the new 
alignment often is the emergent property of the system. Small cores of agents can cause initial change 
and small perturbation that can be amplified by positive feedbacks. Small cores have the advantage 
that they have not yet been moulded by the existing equilibrium and that they draw relatively little 
energy from the system. Such a small core of agents is able to break through and erode the existing 
deep structure and ultimately dismantle and overthrow it. However, such newly formed cores need to 
be shielded in a protected environment. The following dynamical pattern unfolds. The system is 
approaching a critical point – at the intersection of two attractors – that leads to a relatively short 
period of instability and chaos: a so-called systems crisis. In systems terms a crisis is not negative but 
rather an opportunity to shake up and transform the system. The system reorganises itself, creates a 
renewed structure and develops itself towards a new attractor on the way to a new dynamic 
equilibrium and the cycle begins again, with a higher degree of complexity. 

We describe the nature of transitional dynamics in terms of a generic pattern that consists of a 
sequence of mechanisms that result in irreversible changes in the system. A key pattern is the 
following: ‘niches’ - individual technologies, practices and actors outside or peripheral to the regime - 
as the loci for radical innovation (Geels, 2005; Rotmans et al., 2001; Smith, Stirling, & Berkhout, 
2005). Niches emerge and cluster and by empowering a niche cluster a niche regime unfolds; the niche 
regime becomes more powerful whereas the regime is weakening and finally the niche-regime 
becomes dominant and takes over the incumbent regime. A pattern is built up of mechanisms and a 
manifestation of such a pattern is a pathway. Underlying mechanisms are variation and selection, 
adaptation, emergence, clustering, empowering, transformation, decay and building up. Three variants 
of this key pattern have been distinguished (see de Haan and Rotmans 2007): (i) micro-meso pattern, 
where niches emerge at the micro-level, cluster and form a niche-regime that attacks the incumbent 
regime which ultimately is transformed into a new regime; (ii) meso-meso pattern, where niches 
emerge at the meso-level and form a niche-regime within the incumbent regime that gradually 
incorporates the niche-regime and evolves into a new regime; (iii) macro-meso pattern, where a 
massive, fast change in the landscape leads to a striking pressure on the regime that results in a 
regime-change. This is not so much related to niche developments but rather to relatively fast top-
down changes that profoundly impact the regime.  

The challenge is to transpose the formalized, deductive abstractions of complexity theory to the 
tenacious, complex real world. The analytical principles of complexity theory have been increasingly 
applied to ecosystems and social systems during the past decade (Gunderson and Holling, 2002; 
Walker, 2004; Rotmans, 2005). 
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Research into the governance of transitions and a f ramework for transitions 
management 

Transition management is a new governance mode that attempts to resolve persistent societal 
problems. The underlying rationale is that full control and management of these problems is not 
possible, but that we can ‘manage’ these problems in terms of adjusting, adapting and influencing by 
organizing a joint searching and learning process, focused on long-term sustainable solutions 
(Rotmans et al., 2001; Rotmans, 2005; Loorbach, 2007; Kemp et al., 2007; Rotmans and Loorbach, 
2008). Transition management is not directly focused on a solution, but is explorative and design-
oriented. The rationale underlying transition management is that there are no immediate solutions for 
persistent problems, so rather than making large-scale choices with high risk, experiments are started 
at a small scale from which it is possible to learn. The ultimate choices (decisions) are then made on 
the basis of what has been learnt from the experiments. 

Transition management is a new steering concept that relies on ‘darwinistic’ processes of guided 
variation and selection instead of planning. Collective choices are made “along the way” on the basis 
of learning experiences at different levels. Different trajectories are explored and flexibility is 
maintained, which is exactly what a manager would do when faced with great uncertainty and 
complexity: rather than defining fixed targets for development, he/she sets out various options in 
different directions and is careful to avoid premature choices.  

Based on insights from complexity theory (see above), a number of management principles have been 
derived that could be used to address persistent societal problems:  

 

Guided variation and selection 

To explore a diversity of innovative options, a certain amount of diversity is required. Rather than 
selecting innovative options at a too early stage we suggest to keep options open in order to learn 
about the pros and cons of available options before making a selection. Through experimenting some 
aspects of the high level of uncertainty can be reduced so that it leads to better informed decisions. 

 

Anticipation and adaptation 

Anticipating future trends and developments, taking account of weak signals and seeds of change 
acting as the harbingers of the future, is a key element of a pro-active, long-term strategy. This future 
orientation is accompanied by a strategy of adaptation, which means adjusting while the structure of 
the system is changing. 

 

Radical change in incremental steps 

Transitions involve radical change, changing the fundamental structure, culture and practices of a 
system. However, in order not to disrupt the system and create a backlash because of its resilience, 
small, incremental steps are needed embedded in a longer-term process of searching, learning and 
experimenting. 

 

Creating space for innovation  

Niche-players at a certain distance from the regime might effectively create a new regime in a 
protected environment. For this to happen, a certain degree of protection has to be provided to give 
niche-players some time, energy and resources  

 



MATISSE Working Paper 26 

22 

Learning-by-doing and doing-by-learning 

Social learning is crucial to transition processes, aimed at ‘reframing’, changing the perspective of 
actors involved. Two important components are learning-by-doing (developing theoretical knowledge 
and testing that by practical experience) and doing-by-learning (developing empirical knowledge and 
testing that against the theory). 

 

Multi-actor network approach 

Many diverse actors are involved in transition processes and every actor is trying to influence other 
actors. No single actor has the managing capabilities to fully control a transition process, therefore 
networks of actors represent differences in power and perspective and network management aims to 
direct the actors involved. 

 

Scaling up experiments 

Transition experiments need time and resources to develop and mature in niches before they can 
compete in a market arena. This requires a sensible and smart strategy that consists of learning as 
much as possible from a transition experiment, repeating an experiment in an adjusted form in a 
different context and trying to scale an experiment up, i.e. embedding it in the existing structures of 
the incumbent regime. 

 

In managing transitions, the ‘what’ and ‘how’ questions are intertwined. This means that the content is 
explicitly linked to the process itself. Analyzing the dynamics of the complex societal system, trying 
to grasp its dynamic behavior, unfolds possibilities to influence its dynamics in a certain direction. 
This leads to opportunities for managing the system, using innovative instruments to use the windows 
of opportunities created in the system. However, insight into the complex dynamics of a societal 
system is necessary but not sufficient. We also need to understand how to organize a process with 
multiple actors (both individual and collective) with different interests from diverging perspectives. 
New forms of governance deal with this kind of multi-actor, multi-domain and multi-level processes.  

Transition management contains the main characteristics of new forms of governance: network 
management, interactivity, pluralism, multi-level focus and social learning. Transition management is 
by definition a multi-actor process with participation from government, societal organizations, 
companies, knowledge institutes and intermediary organizations. Because of this participation at 
various levels, a multi-level network emerges within which different themes are discussed and tackled 
(Loorbach 2007). Transition management seeks to facilitate a range of processes and point them in the 
same direction by a combination of network management and self-steering. As such, transition 
management can be considered as a specific form of multi-level governance (Scharpf 1999; Hooghe 
and Marks 2001). The co-evolutionary multi-level perspective is based on the ‘advocacy coalition 
framework’ (Sabatier and Jenkins-Smith 1999) and the concept of ‘partisan mutual adjustment’ 
(Lindblom and Woodhouse 1993). Various groups with a wide range of interests and ambitions 
attempt to get their own themes placed on the political agenda. By negotiation, adaptation, co-
production and debate, actors change their own vision and redefine their own position and perceive the 
problem in a different manner. 

Apart from characteristics embedded in the above forms of governance, transition management has 
distinguishing characteristics. The combination of “visionarity”, the long-term perspective, and 
sustainability as normative guiding principle is a distinguishing aspect from other (new) forms of 
governance. But in particular the combination of analytic insight into systems complexity and 
understanding of the process of governance complexity is new and has resulted in a specific 
management framework that we will discuss in more detail below. 
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The challenge with transition management is to translate the relatively abstract management rules into 
a practical management framework without losing too much of the complexity involved and without 
becoming too prescriptive. We have attempted this by designating transition management as a cyclical 
process of development phases at various scale levels. The cycle of transition management consists of 
the following components (Loorbach, 2007; Loorbach and Rotmans, 2006; Rotmans, 2005): (i) 
structure the problem in question and establish and organize the transition arena; (ii) develop a 
transition agenda, a vision of sustainability development and derive the necessary transition paths; (iii) 
establish and carry out transition experiments and mobilize the resulting transition networks; (iv) 
monitor, evaluate and learn lessons from the transition experiments and, based on these, make 
adjustments in the vision, agenda and coalitions. According to our experiences so far, there is no fixed 
sequence of the steps in transition management as Figure 3 suggests and the steps can differ in weight 
per cycle. In practice the transition management activities are carried out partially and completely in 
sequence, in parallel and in a random sequence. 

 
Figure 3: Activity clusters in transition management 

 

In effect transition management comes down to creating space for frontrunners (niche-players and 
regime-players) in transition arenas, forming new coalitions around these arenas, driving the activities 
in a shared and desired direction and develop coalitions and networks into a movement that puts 
societal pressure on regular policy. The transition-arena is best viewed as a virtual arena or network 
which provides room for long-term reflection and prolonged experimentation. Such a transition arena 
has to be supported by political actors or regime-powers, but not dictated by them, for example 
through the support of a minister or a director. Within such a transition-arena, each actor has to 
redefine his own role, competences and modus operandi in interaction and co-production with the 
other actors. Through such a process of co-production and co-ordination, actors at different levels will 
be able to formulate joint goals and develop common strategies that involve societal uncertainties, 
power-relations, institutional barriers as well as ambitions, targets and desires.  

In the transition management framework activities related to the content (systems analysis, 
envisioning, agenda building and experiments) are linked to activities related to the process (network- 
and coalition building, executing experiments and process structuring). The preferred actors to be 
involved (based on the necessary competencies) and instruments (like scenarios, transition-agendas, 
monitoring instruments etc.) are derived from this framework. The four activity clusters as depicted in 
Figure 3 are described in more detail below.  
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Problem structuring and establishment of a transition-arena 

An integrated systems analysis forms the basis of every transition management process, providing a 
common ground for a variety of actors and enough information for informed debates and discussions. 
Informed insight into the complexity of the system, its major defining subsystems, the dominant causal 
relations, feed-back loops, the roots and the nature of structural problems establish a baseline as well 
as conditions for discussing visions, strategies and actions in the future. At the same time, such a 
preliminary assessment yields knowledge about the main actors influencing the system in both a 
conservative and an innovative way and helps to guide the selection of participants for the transition 
arena. Such a selection is of vital importance: participants need to have some basic competencies at 
their disposal: they need to be visionaries, frontrunners, have the ability to look beyond their own 
domain or working area and be open-minded. They must function autonomously within their 
organization but also have the ability to convey the developed vision(s) and develop it further within 
their organization. As the process progresses, the transition arena will expand slowly, involving new 
actors while at the same time some participants will leave the transition arena. 

 

The development of sustainability visions, pathways and a transition agenda 

Long-term visions of sustainability can function as a guide for formulating programs and policies and 
for setting short-term and long-term objectives. These visions must be appealing and imaginative so as 
to be supported by a broad range of actors. Inspiring final visions are useful for mobilizing social 
actors, although they should also be realistic about innovation levels within the functional subsystem 
in question. Last but not least they represent a consensus among different actors on what sustainability 
means for a specific transition theme. Transition visions need to be developed by frontrunners in a 
transition arena and embrace multiple transition images (‘basket of transition images’) to represent a 
variety of possible options. Transition images represent integral descriptions of (sub)systems, which 
evolve over time and depend on new insights and learning effects. They include transition goals, 
which are qualitative rather than quantitative, multi-dimensional, representing the three dimensions of 
sustainability: economic, ecological and socio-cultural. 

Various transition pathways lead to a particular transition image (a sustainability vision comprises 
various transition images) and from various transition images a particular transition pathway may be 
derived. The transition images can be adjusted as a result of what has been learned by the players in 
transition experiments. The transition process is thus a goal-seeking process, where the transition 
visions and images, as well as the underlying goals change over time. During the course of the 
transition process the visions and images will be chosen that appear to the actors as the most 
innovative, promising and feasible. The transition agenda contains both content objectives, process 
objectives and learning objectives. While the transition visions, transition images and transition 
objectives form the guidelines for the transition agenda, the transition agenda itself is the compass for 
the frontrunners which they can refer to during their search and learning process. 

 

The initiation and execution of transition-experiments 

From the transition visions and images transition-experiments can be derived which are either related 
to or combined with existing activities. Transition-experiments are high-risk experiments with a social 
learning objective that are supposed to contribute to the sustainability goals at the systems level and 
should fit within the transition pathways. It is important to formulate sound criteria for the selection of 
experiments and to make the experiments mutually coherent. The crucial point is to measure to what 
extent the experiments and projects contribute to the overall system sustainability goals and to 
measure in what way a particular experiment reinforces another experiment. Are there specific niches 
for experiments that can be identified? What is the attitude of the current regime towards these niche 
experiments? The aim is to create a portfolio of transition-experiments that reinforce each other and 
contribute to the sustainability objectives in significant and measurable ways. 
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Monitoring and evaluating the transition process 

Continuous monitoring is a vital part of the search and learning process of transitions. We distinguish 
between monitoring the transition process itself, and monitoring transition management. Monitoring 
the transition process involves physical changes in the system in question, slowly changing macro-
developments, fast niche-developments, seeds of change as well as movements of individual and 
collective actors at the regime level. Monitoring of transition management involves different aspects. 
First the actors within the transition arena must be monitored with regard to their behavior, networking 
activities, alliance forming and responsibilities and also with regard to their activities, projects and 
instruments. Next, the transition agenda must be monitored with regards to the actions, goals, projects 
and instruments that have been agreed upon. Finally the transition process itself must be monitored 
with regard to the rate of progress, the barriers and points to be improved, etc. Evaluating these 
monitoring aspects within each phase may stimulate a process of social learning that arises from the 
interaction and cooperation between different actors involved.  

In each of the above activity clusters, coalition and network formation is of vital importance. The 
transition arena is meant to stimulate the formation of new coalitions, partnerships and networks. 
Mostly, they emerge around transition pathways or experiments, or around specific sub themes, where 
sub-arenas arise. The very idea behind transition management is to create a societal movement through 
new coalitions, partnerships and networks around arenas that allow for building up continuous 
pressure on the political and market arena to safeguard the long-term orientation and goals of the 
transition process.  

For the purpose of illustration, we give a short overview of the intermediate outcomes of the transition 
process that was initiated in 2001 by the Dutch Ministry of Economic Affairs. During this process, the 
vision for sustainable energy was translated into general transition-images for 2050, strategic 
ambitions for 2020, and six main routes along which the energy policy was defined (see table 2).  

 
Table 2. The energy transition themes, goals and paths chosen by the platforms in the Dutch 
sustainable energy transition process 
 

Theme Goal  Transition path  

 
 
New gas 

 
To become the most sustainable gas 
country in Europe 

Decentralized electricity generation 
Energy efficient greenhouses 
Green gas hydrogen 
Clean fossil fuels 

 
Sustainable mobility 

Factor 2 reduction of GHG emissions for 
new vehicles in 2015 and factor 3 
reduction for all vehicles in 2030  

Hybrid propulsion 
Biofuels 
Hydrogen vehicles 
Intelligent transport systems 

 
 
Green resources 

 
Substitution of 30% of resources for 
energy by green resources by 2030 

Biomass production in NL 
Chains for biomass import 
WISE Biomass co-production 
Synthetic Natural Gas 
Sustainable chemistry 

 
 
Chain efficiency 

 
 
20-30% extra improvement of product 
chains by 2030 

Optimizing the waste chain 
Precision farming 
Process intensification 
Multimodal transport 
Clearing house for bulk products  
Symbiosis (closing material loops) 
Micro cogeneration 
Energy efficient paper production 

 
Sustainable 
electricity supply 

 
To make electricity supply more 
sustainable 

Renewable energy sources 
Decarbonization and cogeneration 
Electric infrastructure 
Electricity use 

Built environment  To accelerate energy improvement 
programs and stimulate new innovations  

Energy improvements in built environment 
Development and implementation of innovations 
Removal of institutional barriers 
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5 SOCIO-METABOLIC TRANSITIONS AND SOCIETAL 
TRANSITIONS MANAGEMENT: TWO APPROACHES 
COMPARED 

 

It is fairly clear that the two approaches are complementary rather than competing. Their 
complementarity derives from the difference in context of origin and key purpose: while one focuses 
mainly on analysis, the other is clearly oriented towards intervention with the goal of furthering a 
transition towards sustainability. But this distinction is bound to narrow down if both continue on the 
tracks of research they are following. While the Dutch approach now strongly engages in more 
“academic” research to strengthen its conceptual and data base, the Viennese approach is increasingly 
used and tried out in practical political contexts (Haas et al., 2004, Gaube et al., 2007).  

Beyond their difference in primary purpose, the two approaches in many ways rest on a conceptually 
very similar paradigm.  

·  Both are systemic approaches conceiving of societies as complex systems in interaction with 
natural systems. Systemic change then involves changes in the patterns of interdependence of 
a broad range of variables. For the socio-metabolic transitions approach, it is crucial that this 
involves also society-nature interactions and changes in natural systems. The transition 
management approach is more focused on social, economic and cultural changes that may 
involve the environment to a greater or a lesser  extent. 

·  Both approaches conceive of sustainability as a major deviation from current pathways, 
requiring substantial efforts from society. 

·  Both approaches build upon a non-developmental paradigm: the evolution of social systems 
occurs in a non-directional manner; there is no pre-established hierarchical ordering of stages. 
The transition to states that may be considered more sustainable is by no means an 
automatically built-in turn of history. Nevertheless, the analysis is intended to further 
sustainable development and to find pathways towards sustainability. 

 

In some ways, though, there are fundamental – even if sometimes rather terminological than 
paradigmatic – differences. 

·  The approaches play on different scale levels, both functionally and in terms of time. While 
the socio-metabolic approach focuses mostly on the level of national societies or beyond, and 
on decades to centuries in terms of time, the transition management approach focuses on 
periods of one or two generations, and functionally on levels below the national society. At 
the same time, the focus clearly is on industrialized societies, while the Vienna approach 
assumes a global perspective and has a strong emphasis also on agrarian and developing 
societies. 

·  The conceptualization of ‘regime’ is very different. The socio-metabolic approach uses the 
term ‘regime’ to characterize societal modes of subsistence, that is very distinct patterns of 
societal metabolism and distinct strategies of colonizing natural systems, in interaction with 
quite different states of the relevant natural systems. In the transition management approach, 
“regime” refers to a certain dominant pattern of structure, culture and practices at the meso 
level of the system concerned. The regime is thought to be the major stabilizing factor in the 
prevailing pattern. There is no explicit link to some grand historical or human ecological 
theory.  

·  Some basic distinctions are drawn in a fairly different way. While for the socio-metabolic 
approach, the major basic distinction is between ‘natural’ and ‘cultural’ systems and processes 
that are often conceived of as structurally coupled, the key distinction in the transition 
management approach is between ‘niche’ and ‘regime’ on the one hand and between actors 
and systems on the other hand. Building upon the basic distinction of ‘cultural’ and ‘natural’ 
systems, the ‘hybridization’ of both is the key to understanding social processes and society-
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nature interactions in the socio-metabolic approach. In the transition management approach, 
the overarching concept of ‘complexíty’ puts the relevant social and natural systems on the 
same level. Both approaches use the notion of co-evolution, but in somewhat divergent ways. 

·  While in the Dutch approach, the role of stakeholders, and various types of social actors, is 
crucial, the notion of ‘actors’ is virtually absent in the Viennese socio-metabolic approach. 

  

It is interesting to note that both approaches represent “schools” and thereby a way of collectively 
organizing research as is very uncommon for the application of science to society. They represent 
schools not only in the sense that a larger number of researchers uses a common terminology and 
refers to one another, but also in the sense of long term direct collaboration within a shared design and 
often organizational interdependence. As a consequence, they both appear fairly self-referential and 
‘closed’. Still, both schools are broadly interdisciplinary, but originating from a different intellectual 
background (sociology and history for the Viennese approach, complex systems theory and 
technology studies for the Dutch approach). On their paths of crossover, even if coming from different 
corners, they meet on broad social science grounds, and could gain in momentum and explanatory 
power by increasing their mutual intimacy. 

 

6 LITERATURE CITED 
Ayres, R. U. 2000. On Forecasting Discontinuities. Technological Forecasting and Social 

Change 65(1):81-97. 

Ayres, R. U., and A. V. Kneese. 1969. Production, Consumption and Externalities. American 
Economic Review 59(3):282-297. 

Bell, D. 1973. The coming of post-industrial society: a venture in social forecasting. Basic 
Books, New York, NY. 

Berkes, F., and C. Folke. 1998. Linking social and ecological systems for resilience and 
sustainability. Pages 1-26. in F. Berkes, and C. Folke, editors. Linking Social and 
Ecological Systems. Management Practices and Social Mechanisms for Building 
Resilience. Cambridge University Press, Cambridge. 

Berkhout, F., A. Smith and A. Stirling (2004). Socio-technological regimes and transition contexts. in: 
Elzen, B., Geels, F.W., Green, K. (Eds.), System Innovation and the Transition to 
Sustainability: Theory, Evidence and Policy. Edward Elgar: Cheltenham, pp. 48-75 

Berkhout, F., A. Smith, and A. Stirling. 2003. Socio-technical regimes and transition contexts. 
SPRU, University of Sussex, Brighton. 

Boulding, K. E. (1970). A primer on social dynamics: history as dialectics and development. 
The Free Press, New York, USA. 

Boulding, K. E. 1973. The Economics of the Coming Spaceship Earth. Pages 3-14. in H. E. 
Daly, editors. Towards a Steady State Economy. Freeman, San Francisco, CA. 

Boyden, S. V. 1992. Biohistory: The Interplay Between Human Society and the Biosphere - 
Past and Present. UNESCO and Parthenon Publishing Group, Paris, Casterton Hall, 
Park Ridge, New Jersey. 



MATISSE Working Paper 26 

28 

Brand, K.-W. 1997. Probleme und Potentiale einer Neubestimmung des Projekts der Moderne 
unter dem Leitbild 'Nachhaltige Entwicklung'. Zur Einführung. Pages 9-32. in K.-W. 
Brand, editors. Nachhaltige Entwicklung, Eine Herausforderung an die Soziologie. 
Leske & Budrich, Opladen. 

Davis, K. (1945). The world demographic transition. Annals of the American Academy of 
Political and Social science 237, no. 4, 1-11. 

Diamond, J. 1997. Guns, Germs, and Steel: The Fates of Human Societies. W.W. Norton & 
Company, New York, London. 

Eising, R. en B. Kohler-Koch. 1999. Introduction: Network Governance in the European 
Union. In The Transformation of Governance in the European Union, edited by B. 
Kohler-Koch and R. Eising. London: Routledge. 

EZ, Ministerie van. 2004. Innovatie in het energiebeleid. Energietransitie: stand van zaken en 
het vervolg. Den Haag: Ministerie van EZ. 

Fischer-Kowalski, M. 1998. Society's Metabolism. The Intellectual History of Material Flow 
Analysis, Part I: 1860-1970. Journal of Industrial Ecology 2(1):61-78. 

Fischer-Kowalski, M., and H. Haberl. 1997. Stoffwechsel und Kolonisierung: Konzepte zur 
Beschreibung des Verhältnisses von Gesellschaft und Natur. Pages 3-12. in M. 
Fischer-Kowalski, H. Haberl, W. Hüttler, H. Payer, H. Schandl, V. Winiwarter, and 
H. Zangerl-Weisz, editors. Gesellschaftlicher Stoffwechsel und Kolonisierung von 
Natur. Gordon & Breach Fakultas, Amsterdam. 

Fischer-Kowalski, M., and H. Haberl. 1998. Sustainable Development: Socio-Economic 
Metabolism and Colonization of Nature. International Social Science Journal 
158(4):573-587. 

Fischer-Kowalski, M., and H. Weisz. 1999. Society as Hybrid Between Material and 
Symbolic Realms. Toward a Theoretical Framework of Society-Nature Interaction. 
Advances in Human Ecology 8:215-251. 

Freeman, C., Perez, C. (1988). Structural crisis of adjustment, business cycles and investment 
behaviour, in: Dosi, G., Freeman, C., Nelson, R., Silverberg, G., Soete, L. (Eds.), Technical 
Change and Economic Theory. Pinter, London, pp. 38-66. 

Gaube, V., H. Reisinger, H. Adensam, H. Haberl, J. Lutz, and B. Smetschka. 2007. 
Agentenbasierte Modellierung von Szenarien für Landwirtschaft und Landnutzung 
im Jahr 2020, Traisental, Niederösterreich. Mitteilungen der Österreichischen 
Geographischen Gesellschaft, submitted . 

Geels, F. and Schot, J. (2007). Typology of sociotechnical transition pathways: refinements 
and elaborations of the multi-level perspective, Research Policy. 

Geels, F.W. and R. Kemp (2000). Transitions from a sociotechnical perspective (in Dutch). 
Report for the Dutch Ministry of Environment. Enschede, University of Twente and 
Maastricht, the Netherlands. 



MATISSE Working Paper 26 

29 

Geels, F.W., (2005). The dynamics of transitions in socio-technical systems: A multi-level 
analysis of the transition pathway from horse-drawn carriages to automobiles (1860-
1930). Technology Analysis & Strategic Management 17(4), 445-476. 

Geels. F.W. (2002). Understanding the dynamics of technological transitions: a co-
evolutionary and socio-technical analysis. PhD-thesis. Enschede, Twente University 
Press, the Netherlands. 

Gellner, E. 1988. Plough, Sword and Book. Collins Harvill, London. 

Gersick, C.J.G. 1991. Revolutionary change theories: a multi-level exploration of the 
punctuated equilibrium paradigm. The academy of management review 16 (1):10–
36. 

Giddens, A. 1989. Sociology. Polity Press, Cambridge. 

Godelier, M. 1986. The Mental and the Material: Thought Economy and Society. Blackwell 
Verso, London. 

Goudsblom, J. 1992. Fire and Civilization. Penguin Books, London. 

Goudsblom, J., E. Jones, and S. Mennell. 1996. The Course of Human History. Economic 
Growth, Social Process, and Civilization. M.E.Sharpe, Armonk, N.Y. and London. 

Gould, S.J. and N. Eldredge (1977). Punctuated equilibria: the tempo and mode of evolution 
reconsidered. Paleobiology 3:115–151. 

Grin, J. 2004. De politiek van omwenteling met beleid. Oratie, Universiteit van Amsterdam, 
Amsterdam. 

Gunderson, L. H and C.S. Holling. (2002). Understanding transformations in human and 
natural systems. Washington: Island Press. 

Haan, H, de and Rotmans, J. (2007). A theoretical framework for understanding the dynamics 
of societal transitions. DRIFT-working paper, Rotterdam, The Netherlands.  

Haas, W., C. M. Grünbühel, and H. Haberl. 2004. Flood-induced changes in socio-economic 
metabolism. A local case study of flood impacts on society. Pages 53-64. in R. Jandl, 
H. Hager, W. Loiskandl, M. Gerzabeck, H. Mauser, O. Moog, and H. Richtereds.), 
editors. Water and Society, Needs, Challenges and Restrictions. Proceedings, 
International conference held at the University of Natural Resources, and Applied 
Life Sciences, Vienna, Nov. 19-21, 2003. Universität für Bodenkultur,  

Haberl, H. 2001. The Energetic Metabolism of Societies, Part I: Accounting Concepts. 
Journal of Industrial Ecology 5(1):11-33. 

Haberl, H., K.-H. Erb, F. Krausmann, W. Loibl, N. B. Schulz, and H. Weisz. 2001. Changes 
in Ecosystem Processes Induced by Land Use: Human Appropriation of Net Primary 
Production and Its Influence on Standing Crop in Austria. Global Biogeochemical 
Cycles 15(4):929-942. 



MATISSE Working Paper 26 

30 

Haberl, H., M. Fischer-Kowalski, F. Krausmann, H. Weisz, and V. Winiwarter. 2004. 
Progress Towards Sustainability? What the conceptual framework of material and 
energy flow accounting (MEFA) can offer. Land Use Policy 21(3):199-213. 

Harris, M. 1987. Cultural Anthropology. Harper & Collins, New York. 

Holland, J.H. (1995). Hidden Order: How Adaptation Builds Complexity, Ulam Lectures 
Series. Cambridge, Massachusetts: Helix books / Perseus books. 

Hooghe, L. and G. Marks. (2001). Multi-level governance and European integration. Oxford: 
Rowman & Littlefield Publishers. 

Houghton, R. A. 1995. Land-use change and the carbon cycle. Global Change Biology 
1(2):275-287. 

Houghton, R. A., and D. L. Skole. 1990. Carbon. Pages 393-408. in B. L. I. Turner, W. C. 
Clark, R. W. Kates, J. F. Richards, J. T. Mathews, and W. B. Meyer, editors. The 
Earth as Transformed by Human Action, Global and Regional Changes in the 
Biosphere over the Past 300 Years. Cambridge University Press, Cambridge. 

Kauffman, S. (1993). The origins of order. Oxford University Press, Oxford. 

Kemp, R. and D. Loorbach (2005). Dutch policies to manage the transition to sustainable 
energy. Jahrbuch Okologische Okonomik. J. Meyerhoff. Marburg, Metropolis 
Verlag. 4, 123-151. 

Kemp, R., Loorbach, D. and Rotmans, J. (2007). Transition management as a model for 
managing processes of co-evolution. The International Journal of Sustainable 
Development and World Ecology 14, 78-91. Special issue on co-evolutionary 
approach to sustainable development. 

Kemp, R., Rotmans, J. and Loorbach, D. (2007), ‘Assessing the Dutch energy transition 
policy: how does it deal with dilemmas of managing transitions’, Journal of 
Environmental Policy and Planning, Special issue on Governance for sustainable 
development: steering in contexts of ambivalence, uncertainty and distributed control 

Kern, F. and Smith, A. (2007). Restructuring energy systems for sustainability? Energy 
transition policy in the Netherlands. Submitted to Energy Policy. 

Krausmann, F., and H. Haberl. 2002. The process of industrialization from the perspective of 
energetic metabolism. Socioeconomic energy flows in Austria 1830-1995. 
Ecological Economics 41(2):177-201. 

Krausmann, F., H. Schandl, and N. B. Schulz. 2003. Vergleichende Untersuchung zur 
langfristigen Entwicklung von gesellschaftlichem Stoffwechsel und Landnutzung in 
Österreich und dem Vereinigten Königreich. Breuninger Stiftung, Stuttgart. 

Latour, B. 1998. Wir sind nie modern gewesen. Versuch einer symmetrischen Anthropologie. 
Fischer Taschenbuch Verlag, Frankfurt a.M. 



MATISSE Working Paper 26 

31 

Lindblom, C.E. (1979). Still muddling, not yet through. Public Administration Review 
39:517–526. 

Lindblom, C.E. and E. Woodhouse. (1993). The policy making process. 3rd ed. New Jersey: 
Prentice Hall. 

Lindeman, R. L. 1942. The Trophic-Dynamic Aspect of Ecology. Ecology 23(4):399-417. 

Loorbach, D. (2007). Transition management: new mode of governance for sustainable 
development. International Books, Utrecht, the Netherlands. 

Loorbach, D. 2002. Transition management: governance for sustainability. International 
Dimensions of Human Change. Berlin, Germany. 

Loorbach, D. and J. Rotmans. 2006. Managing transitions for sustainable development. In 
Industrial Transformation—disciplinary approaches towards transformation research, 
edited by A. J. Wieczorek and X. Olshoorn. Kluwer Academic Publishers, 
Dordrecht, the Netherlands. 

Lotka, A. J. 1925. Elements of Physical Biology. Williams & Wilkins Company, Baltimore. 

Luhmann, N. 1984. Soziale Systeme. Grundriss einer allgemeinen Theorie. Suhrkamp, 
Frankfurt a.M. 

Luhmann, N. 1995. Social Systems. Stanford University Press, Stanford. 

Luhmann, N. 1997. Die Gesellschaft der Gesellschaft. Suhrkamp, Frankfurt a.M. 

March, J.G. en J.P. Olson. 1995. Democratic governance. New York: The Free Press. 

Martens, W.J.M. and J. Rotmans (2005). Transitions in a globalizing world. Futures 37, 1133-
1144. 

Martinez-Alier, J. 1987. Ecological Economics. Energy, Environment and Society. Blackwell, 
Oxford. 

Marx, K. and F. Engels. 1998. The Communist Manifesto.  New York. 

Maturana, H. R. and F. G. Varela. 1975. Autopoietic Systems. A characterization of the living 
organization. University of Illinois Press, Urbana-Champaign, Illinois. 

Mayntz, R. 1993. Governing failures and the problem of governability: some comments on a 
theoretical paradigm. In Modern Governance: New Government-Society 
Interactions, edited by J. Kooiman. London: Sage. 

McNeill, J. R. 2000. Something new under the sun. An environmental history of the twentieth 
century. Allen Lane, London. 

Meadowcroft, J. (2005). "Environmental political economy, technological transitions and the 
state." New Political Economy Volume 10(4): 479 - 498. 



MATISSE Working Paper 26 

32 

Meyer, W. B. and B. L. I. Turner. 1994. Changes in Land Use and Land Cover, A Global 
Perspective. Cambridge University Press, Cambridge. 

Ministry of Housing, Spatial Planning and Environment (2001). National Environmental 
Policy Plan: when there is a will there is a world. VROM. The Hague, the 
Netherlands. 

Mitleton-Kelly, E. (2003). Ten principles of complexity and enabling infrastructures. In 
Mitleton-Kelly, E. (ed). Complex systems and evolutionary perspectives of 
organizations: the application of complexity theory to organizations. London, 
Elsevier (2003), 3-19.  

Ness, G.D., W.D. Drake and S.R. Brechin (1993). Population-environment dynamics: ideas 
and observations. The University of Michigan Press, Michigan, USA.  

Odum, E. P. 1969. The strategy of ecosystem development. An understanding of ecological 
succession provides a basis for resolving man's conflict with nature. Science 
164:262-270. 

Offe, C. 1972. Strukturprobleme des kapitalistischen Staates. Suhrkamp, Frankfurt a.M. 

Polanyi, K. 1944. The Great Transformation.  New York. 

Prigogine, I. and I Stengers. 1984. Order out of chaos: man’s new dialogue with nature. 
Boulder: C.O. New Science Library. 

Rappaport, R. A. 1971. The Flow of Energy in an Agricultural Society. Scientific American 
225(3):116-136. 

Rip, A. and R. Kemp (1998). Technological Change. In S. Rayner and E.L. Malone, Human 
Choice and Climate Change: an International Assessment, Batelle Press, 
Washington, D.C., vol. 2, 327-399 

Rittel, H. en M. Webber. 1973. Dilemmas in general theory of planning. Policy Sciences 4 
(2):155–159. 

Rostow, W.W. (1960). The stages of economic growth: a non-communist manifesto. 
Cambridge University Press, Cambridge, U.K. 

Rotmans, J. (2005). Societal innovation: between dream and reality lies complexity’, 
Inaugural speech, Rotterdam School of Management, ERIM, Erasmus University 
Rotterdam. 

Rotmans, J. and Loorbach, D. (2008), ‘transition management: reflexive governance of 
societal complexity through searching, learning and experimenting’, In van den 
Bergh, J and Bruinsma, F. (2008), Managing the transition to renewable energy, 
Edward Elgar, U.K.  

Rotmans, J., J. Grin, J. Schot and R. Smits. (2004). Multi-, Inter- and Transdisciplinary 
Research Program into Transitions and System Innovations. Maastricht. 



MATISSE Working Paper 26 

33 

Rotmans, J., R. Kemp and M.B.A. van Asselt. (2001). More evolution than revolution: 
Transition management in public policy. Foresight 3, no. 1, 15-32. 

Sabatier, P. A. and H. C. J. Jenkins-Smith. (1999). The Advocacy Coalition Framework, an 
assessment. In Theories of the policy process, edited by P. A. Sabatier. Oxford: 
Westview Press. 

Schandl, H., and N. Eisenmenger. 2006. Regional patterns in global resource extraction. 
Journal of Industrial Ecology 10(4):133-147. 

Scharpf, F. (1999). Governing in Europe: effective and democratic? Oxford, University Press. 

Schellnhuber, H. J. 1999. 'Earth system' analysis and the second Copernican revolution. 
Nature 402 (Suppl.):C19-C23. 

Schellnhuber, H. J. and V. Wenzel. 1998. Earth System Analysis. Integrating Science for 
Sustainability. Springer, Berlin, Heidelberg. 

Sieferle, R. P. 1997. Rückblick auf die Natur: Eine Geschichte des Menschen und seiner 
Umwelt. Luchterhand, München. 

Sieferle, R. P. 2003. Sustainability in a World History Perspective. Pages 123-142. in B. 
Benzing, editors. Exploitation and Overexploitation in Societies Past and Present. 
IUAES-Intercongress 2001 Goettingen. LIT Publishing House, Münster. 

Sieferle, R. P., F. Krausmann, H. Schandl, and V. Winiwarter. 2006. Das Ende der Fläche. 
Zum Sozialen Metabolismus der Industrialisierung. Böhlau, Köln. 

Smith, A. 1776. An Inquiry into the Nature and Causes of the Wealth of Nations. Whitestone, 
Dublin. 

Smith, A. and Kern, F. (2007) The transitions discourse in the ecological modernization of the 
Netherlands. Paper for the 57th Political Studies Association Annual Conference. 
University of Bath, 11-13 April 2007 

Smith, A., A. Stirling and F. Berkhout (2005). The governance of sustainable socio-technical 
transitions. Research Policy 34, 1491-1510. 

Social and Economic Council (SER) (2001). Advice with regard to the Fourth National 
Environmental Plan. The Hague, the Netherlands.  

Stone, R. 2006. Simron Singh Profile: After the Tsunami: A Scientist's Dilemma. Science 
313(5783):32-35. 

Turner, B. L. I., W. C. Clark, R. W. Kates, J. F. Richards, J. T. Mathews, and W. B. Meyer. 
1990. The Earth as Transformed by Human Action: Global and Regional Changes in 
the Biosphere over the Past 300 Years. Cambridge University Press, Cambridge. 

Van den Bergh, J. and Stagl, S. (2004). Coevolution of economic behaviour and institutions: 
towards a theory of institutional change. Journal of Evolutionary Economics 13, 289-
317. 



MATISSE Working Paper 26 

34 

Van den Bergh, J., A. Faber, A.M. Idenburg en F.H. Oosterhuis. (2005). Survival of the 
Greenest: Evolutionaire economie als inspiratie voor energie- en transitiebeleid. 
Bilthoven: RIVM. 

Vitousek, P. M. 1992. Global Environmental Change: An Introduction. Annual Review of 
Ecology and Systematics 23:1-14. 

Vitousek, P. M., P. R. Ehrlich, A. H. Ehrlich, and P. A. Matson. 1986. Human Appropriation 
of the Products of Photosynthesis. BioScience 36(6):363-373. 

Walker, B.H., Holling, C.S., Carpenter S.C. and Kinzig A.P. (2004). Resilience, Adaptability and 
Transformability. Ecology and Society 9 (2) :3.  

Walker, P. M. B. (ed.). 1989. Chambers Biology Dictionary. Chambers, Cambridge. 

Weisz, H., F. Krausmann, C. Amann, N. Eisenmenger, K.-H. Erb, K. Hubacek, and M. 
Fischer-Kowalski. 2006. The physical economy of the European Union: Cross-
country comparison and determinants of material consumption. Ecological 
Economics 58(4):676-698. 

Weisz, H., M. Fischer-Kowalski, C. M. Grünbühel, H. Haberl, F. Krausmann, and V. 
Winiwarter. 2001. Global Environmental Change and Historical Transitions. 
Innovation - The European Journal of Social Sciences 14(2):117-142. 

White, L. A. 1943. Energy and the Evolution of Culture. American Anthropologist 45(3):335-
356. 

Willke, H. 1996. Systemtheorie II: Interventionstheorie. Lucius & Lucius, Stuttgart. 

 

 



MATISSE Working Paper 26 

35 

Published by 

 
SERI Nachhaltigkeitsforschungs und -kommunikations GmbH 
Garnisongasse 7/27, A - 1090 Wien 
Tel.: 01/9690728-0, Fax.: 01/9690728-17 
www.seri.at; office@seri.at 
 
Download available http://www.matisse-project.net  

 


