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Preface

About the MATISSE project

The MATISSE (Methods and Tools for Integrated Susiaility Assessment) project is funded by the
European Commission, DG Research, within th&@mework Programme. The project is interested
in the role that Integrated Sustainability AsseganiSA) could play in the process of developingl an
implementing policies capable of addressing peamsisproblems of unsustainable development and
supporting transitions to a more sustainable futnr&urope. The core activity of MATISSE is to
develop, test and demonstrate new and improvedaugtind tools for conducting ISA.

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

The extent to which the case studies are carryutgaocomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAga®do partial implementation of the process.
Equally, different case studies are oriented taetigping and testing tools and approaches to soute, b
not all, of the methodological challenges of ISAeTlcase studies are complementary, however, and
the set of cases offers the opportunity to addaessde range of methodological challenges and to
explore linkages between cases. An evaluation aftimal experiences with ISA implementation in
the case studies will provide guidance on the &rrttnprovement of methods and tools. Results will
also contribute to more informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustaindpilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, envisng, experimenting, and learning through which a
shared interpretation of sustainability for a speaontext is developed and applied in an integpat
manner, in order to explore solutions to persisfgoblems of unsustainable development. ISA is
conceptualised as a complement to other forms sfasability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Reyulenpact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needeforantescreening of incremental sectoral policies
that are developed within the prevailing policyineg, ISA is conceptualised as a support to longer-
term and more strategic policy processes, whereolijective is to explore persistent problems of
unsustainable development that have a systemi®lpgth and possible solutions to these. ISA is
therefore oriented toward supporting the develogn@ncross-sectoral policies that specifically
address sustainable development and at explorirgbliag policy regimes and institutional
arrangements.

MATISSE Working Papers

Matisse Working Papers are interim reports of mtoetivities that are published in order to ilrase
ongoing work and some provisional conclusions, e & providing the opportunity for discussion of
the approaches taken by the project and interimlteesThis discussion should be both within the
project and between project members and the braadentific and policy communities. Readers are
encouraged to contact the authors to discuss titermoof MATISSE Working Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series
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Abstract

This article creates a meeting ground between tistndt and fairly elaborate research traditions
dealing with social “transitions”. the Dutch soeaiettransitions management approach, and the
Viennese socio-metabolic transitions approach.rAdterief reference to various social science sisan
of dealing with social change, the two researchr@ghes are described, directing a particular focus
on their respective epistemological and concegiaahing. In a final paragraph, the commonalities
and differences between the two approaches are atimgd. The key message is that the two
approaches are rather complementary than competiaging 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 diffelgproaches for addressing ,transitions” of

societal or socioecological systems. One of thggwoaches — the approach of the social ecology
group in Vienna — is mainly “academic” in the semfeseeking to understand, through analyzing
contemporary and historical developments, the @memon of radical change in societies’ relations
to the environment. The other approach — the appraf the Dutch group of scientists positioned

within the Netherlands’ Fourth National Environm@nPolicy Plan (NEPP4) — bears, on top of its

“academic” and analytic agenda, much more of atjgacburden. It has been developed for and is
involved in “transition management” in the Netheda and beyond, trying to drive system

innovations in the sense of technological, econpsucio-cultural and institutional changes towards
more sustainable solutions.

The Vienna social-ecological approach can be vieagdn increasingly mature theoretical outcome
of a series of research projects using a commooeginal, theoretical and methodological framework
of social metabolism and the Materials and EnellgwFAccounting (MEFA) methodology (Haberl et
al.,, 2004). It has been applied on the level ofionatstates (for which the social metabolism
methodology had been developed first) and on thel lef local communities, in fully industrialized
and in developing countries from various world oegi, and in historical case studies across centurie
(Fischer-Kowalski & Haberl 2007). While for the ¢emporary applications, the research was usually
designed in a way so as to involve some stakelohted contribute to capacity building on their part
towards finding more sustainable solutions, thee oafr the projects consisted in the generation of
scientific insight only. Very powerful stakeholdevere rarely involved, and practically such powkrfu
stakeholders had themselves never commissionaéskarch to promote change.

In contrast, the Dutch transition management ambrogained its momentum from a strong
involvement in policies for achieving a sustainggitransition in the Netherlands. At the national
level in the Netherlands five ministries are expemting with transition trajectories, among whibk t
energy transition led by the Ministry of Economiffairs is the most prestigious and most advanced.
For a more detailed description of the energy ttimms process in the Netherlands the reader is
referred to Kern and Smith (2007), Smith and K&00{’), Loorbach (2007) and Kemp and Loorbach
(2005). Also at the regional level in the Nethedsithere are quite a few transition processes aggoi
as described in Loorbach (2007). In terms of mamage, they are in an initial stage. At the local
level numerous transition experiments have bediated in niches that are part of testing groumas,
the field of sustainable agriculture, mobility, stnuction, energy, spatial planning and health .care
Outside the Netherlands, the interest in transipoocesses is growing, e.g. in the U.K., Germany,
Austria, Finland and most concretely in Belgiumenghtwo transition processes are attempted at the
national level, one on waste management and osesiainable housing and construction in Flanders.

At present, a number of research projects are handgrtaken to test the concept and framework of
transition management more thoroughly and stremgitee analytical base. The empirical research

activities range from historical reconstructions tidnsitions to studies on contemporary cases in
which transition researchers actively particip&deme of the participatory case studies have been
completed already. A database of historical tréonst is under development. Thus, for the Dutch

approach a diverse set of case study material arsitions is underway, forming a rich source of

empirical material from which to draw. The trarmitimanagement framework itself has evolved over
recent years as a result of experiences with pedatifforts. The challenge is to validate empifical
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the concept of transition management in such a erahat it may be claimed as a scientifically well-
grounded framework to be used and further develapadroad, international context.

The different aspirations of the two approacheswmpare generate different conditions for success,
and also different degrees of intellectual freed&wr. the Vienna social ecology approach, success
mainly consists in providing an intellectual franww that finds resonance in and is convincing to
various academic communities, that provides thametoherence and that appears to provide
plausible explanations for a variety of empiricalses. Intellectual freedom manifests itself in the
ability to quickly abandon the belief in certaimrsition mechanisms as soon as they seem to lack
explanatory value. For the Dutch group, this is endifficult: in order to have a chance to actually
experiment with certain mechanisms, it is necessanyin the commitment of key stakeholders. If
assumptions are suspected not to hold true, thayotao easily be given up: this might be to aatert
extent at the expense of certain stakeholders.h8ocombination of intellectual leadership with
practical political involvement generates very sfi@challenges. This difference has to be borne in
mind with our undertaking of comparing the two aggmhes.

2 THE FAMILY OF SOCIAL SCIENCE TRANSITION CONCEPTS

One specific feature of transition is the idea thiés between two qualitatively distinct stataad no
linear, incremental path leads from one state ¢odtfer, but rather a possibly chaotic and dynamic
interim process. Looked at from the inverse perspecit is the particular methodological (even
epistemological) achievement of the transition artthat it allows to distinguish two qualitatively
different states (naming them differently, for exd@). In comparison, theories of growth or
modernization do not lead to any order but along time axis an “early” or “later period” of
something may be recognised, but some homogenkifyeobasic setting and gradual change with
time are assumeidlhe “transition” assumption of discontinuities ajatme time axis suggests a change
in the basic setting. One has to be aware, thotigt,this perspective is extremely sensitive to the
choice of scale. Consider the process of walkingmfa wider perspective (in terms of time say
minutes, in terms of space say landscape levelpjtears as a continuous process, progressing
linearly across space, sometimes a little slowamnetimes fast. From a closer perspective (seconds i
time, and a spatial focus on the human body), eaps as a cyclical process in which each leg is
alternately lifted and set on the ground. From e@necloser perspective (fractions of seconds, and
groups of muscles) it would appear as a transjpimtess between one group of muscles contracting
and then relaxing, and then another group of masaleaction. This leads to the insight that traosit
theories and theories based on the assumptioradiiglism do not necessarily contradict each other.
One type of process may well be “nested” into ttieio Only when both types of theory deal with the
same scale of time, space and other variablefyeyocompete directly.

Another ingredient of the transition notion is tldea of spontaneity or emergence: neither can one
state be deliberately transformed into the other,can the process be fully controlled. Particylétl

as in sustainability research, this concept is iagpto complex systems (societies, technology
regimes...), one deals with autocatalytic or auepD processes to which orderly governance or

! Autopoiesisliterally means "auto (self)-creation" (from t@geek auto - for self- andpoiesis -

for creation or production), and expresses a furesdah dialectic betweestructureandfunction The term was
originally introduced by Chilean biologisttumberto MaturanandFrancisco Varelén 1973 and has been
exemplified subsequently as follows:

"An autopoietic machine is a machine organized if@ef as a unity) as a network of processes of
production (transformation and destruction) of campnts which: (i) through their interactions and
transformations continuously regenerate and reatimenetwork of processes (relations) that produced
them; and (ii) constitute it (the machine) as a @ate unity in space in which they (the components)
exist by specifying the topological domain of #slization as such a network." (Maturana, Varela,
1980, p. 78)
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steering cannot be applied. It is commonly assuniedigh, that the system is less resilient durirgg t
take-off phase of a transition, when the old irglations break apart but there is no clear direafity

of change established yet (Rotmans et al., 200ikhBat et al., 2003). This lack of resilience can
open opportunities for struggling forces within thgstem (as is assumed for example in Marxist
theories), and it provides improved opportunities $ystemic intervention. Systemic intervention
takes into account the self-regulatory quality ofnplex systems, seeks to disturb them and cause
resonance (for social systems, see Willke, 1996¢. Dutch approach to transition management bears
a close resemblance to the intervention concepbaial systems theory, but it also carries with it
some more specific features as will be describéalbe

It makes a big difference how the overall procass the relations between the stages distinguished
and connected by transitions are conceptualizedce3ses in complex live systems are usually
assumed to be irreversible — so there is a cleactitinality of time. This directionality can eithe
imply consecutive stages of a ‘developmental’ t{ljee ontogenesis, or Herbert Spencer’s notion of
evolution, or Marxist historical materialism), amnay rather follow a Darwinian type of evolutiopar
theory by assuming the future to be contingent uperpast but principally unpredictable. In thetfir
case, when a developmental conceptualization islogmg, stage Il follows with some kind of
necessity from stage |, and it is, as a rule, darsd superior, or more ‘mature’ (as an adult isemo
mature than a child). The progress to this moreursastage can be accelerated or delayed. If the
process of maturing is severely irritated or préedraltogether, some unhealthy, handicapped state o
even decay of the whole system will ensue. Frone dtahere is no real choice where to go: either
there is a progression to state Il, or there issnoh progression, in which case the system will
ultimately fail. In the contemporary family of trsition concepts, quite a few follow this
developmental, Spencerian conceptualization. Tihydies for example to the World Bank and OECD
when they speak of ‘economies in transition’: thédm®y mean economies in transition from
(presumably outdated) state-planned to liberal etarkconomies.Similarly it is assumed in
developmental economics that countries and wordibre still relying on agrarian subsistence have
no other choice but a transition to industrializedrket economies. This is well in tune with thehl9t
century belief in socio-economic progress as amsbaglied in Marx’s writings about the inevitability
and superiority of capitalism over feudalism, eveiit falls short of the next step of arguing the
inevitability of socialism. In such socio-econondevelopmental theories, similar to those of child
development, transitions occur according to an gedous process, a built-in dynamics of the system
itself. The social and maybe also the natural emwvirent do play a role in providing more or less
favorable conditions, but they are not the drivafrshe ongoing dynamics. Accordingly, deliberative
interventions into such a process only play a snotdt they may remove internal or external obstscl

"[...] the space defined by an autopoietic systerseié-contained and cannot be described by using
dimensions that define another space. When we tefeur interactions with a concrete autopoietic

system, however, we project this system on theespiaour manipulations and make a description of
this projection." (Maturana, Varela, 1980, p. 89)

The termautopoiesiswas originally conceived as an attempt to chare&téhe nature of living systems. A
canonical example of an autopoietic system isbtbkgical cell Theeukaryoticcell, for example, is made of
various biochemical components suchasleic acidsandproteins and is organized into bounded structures
such as theell nucleusvariousorganellesacell membranendcytoskeletonThese structures, based on an
external flow of molecules and energypducethe components which, in turn, continue to mamthe
organized bounded structure that gives rise teethemponents. An autopoietic system is to be cstetdawith
anallopoieticsystem, such as a car factory, which uses rawriastécomponents) to generate a car (an
organized structure) which is somethwotherthan itself (the factory).

This term was adopted by the German sociologisalicuhmann to describe the functioning of sogjatems,
conceived of as systems of recurrent communicaflarhmann 1984, Luhmann 1987)
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to growth and maturation, or they may build up abls. There is no theoretical guidance for
choosing or influencing the direction of the pracdhis direction is already deeply built in.

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

Contemporaries of the “great transformation” (Pgiah944) from an agrarian to an industrial society
during the 18th and 19th century clearly tendedhare the perspective on evolutionary progress and
its necessity that has been attributed to Herligeh&er above. This applies to Adam Smith who in his
Wealth of Nations (Smith, 1776) interpreted alhainan history teleologically as a mere foreplag to
capitalist liberal market economy (or the “comméro@de of subsistence, as he termed the stage
following “agriculture™), the final civilization ralizing human nature. For Adam Smith, there was no
doubt that the commerce mode of subsistence wasisupo agriculture, and that it would triumph by
its own dynamics. Deliberative human interventionld only produce obstacles slowing this process
down or it could remove such obstacles. This alpplies to Karl Marx who shares Smith’s
enthusiasm for the superiority of capitalism oves previous stage (with him it is “feudalism”) as
well as his conviction that capitalism would finabweep away the remnants of traditional society.
For Marx, though, human agency plays a much laxgler This applies to the transition from feudal to
capitalist society: even if the driving force iretbackground is technology (the “development of the
means of production”), it requires the bourgeoisiebe successful in class struggle for an actual
breakthrough of the new social formation. Equailyrequires not only the existence, but also the
political organization of a new class towards trealgof overcoming capitalism. The next stage,
socialism, would then be characterized not by #ignr of blind market forces, but by collective
human rationality and justice. This transition witht ensue mechanically, nor can it be managed and
controlled at deliberation, but it will eventuatpme about as a result of societal struggles.

Nowadays, the discourse over a possible trandiiagnmore sustainable form of society and economy
is guided by trust in iron necessities of progress,more. While a more sustainable society is
generally considered superior to the current meddch is widely recognized to be unsustainable),
there is no strong breath of history felt that vebtake us there, like it or not (Brand, 1997). Mdos
there highly organized conflicting societal forcmat would drive this transition process. The
transition to a more sustainable society is mareater of reason than of passions, and certainjets
does not appear as the logical and inevitable s&de. To many, though, it appears as the only
plausible alternative to chaotic and possibly dabasic turns of history. A sustainability traneiti is

not conceived of as happening automatically, alitssif. It may only be brought about by delibevati
human agency — and this human agency can be oeghinia variety of ways.
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3 THE VIENNESE SOCIO-METABOLIC TRANSITIONS
APPROACH

The notion of transition implies that one has aanahange in mind — not incremental adjustments or
improvements, but a qualitatively new state of soeial-ecological system. But isn't ‘transition’
exactly what the world globally is undergoing nomyaay? For the Viennese approach, the answer is
yes. The point of departure for the analysis, tfoeeg is not a diagnosis of a social system beingks
being locked in a certain pattern, but a diagnos@ngoing rapid, also fundamental, social change.

The environmental historian John McNeill (2000) edded this phenomenon by the ironical title
“Something New Under the Sun” when reviewing theh2@entury. According to the statistics he
assembled, there is rarely any dimension of huroaralslife and interference with the environment
that has not undergone a rapid expansion worldvdeing this one century, the human population
expanded by a factor 5 but economic activity expaneien more. So what should make us think we
are in some steady state, or any equilibrium? Hamwe possibly not think that we are in the middle
of a pretty explosive transition?

Usually, “transitions” are broken down into a folns@quence of phases that lead from a status quo
state to a new equilibrium. A common distinctiob&tween a take-off phase (in which the status quo
is still in place, but there are various symptonfisit® beginning to destabilize) followed by an
acceleration phase in which many rapid changes pé&ee, and a subsequent stabilization phase
where changes are de-accelerating and the featbiesmew equilibrium begin to crystallize. Taking
John McNeill's reconstruction of the 20th centueyisusly, the world is neither in a stable status,q
nor in the position of a new equilibrium. Even ffet term “dynamic equilibrium” is used very
liberally: an ongoing physical explosion in limitedace cannot be described as an equilibrium. &n th
other hand, it is also hard to believe the globalsecological system to be still in a take-offaph, if

all of the past century was marked by such tremesidbanges. It appears most likely that it is withi
an acceleration phase, in the middle of a tramsitttow far in this acceleration we still have tq go

the question. Maybe we are already close to a mwilerium. It is highly improbable that the socio-
metabolic regime we see now will continue for, sapother two hundred years. The ongoing
transition is bound to lead to some new, as yehawnk state.

One arrives at such a storyline on transition franglobal perspective and the vantage point of
environmental history. On another time scale, amdhother selection of variables, other eventsecom
into sight as being a transition. Which time sdalemployed depends among other reasons on the
preconceptions about sustainability: If one feefistainable state of society and the environngent i
fairly close to where we are now, there is no neediscuss time spans of more than a few decafles; i
one feels such a state is fairly different to thiespnt and therefore will take quite some time to
develop, one needs to look at larger time spanghdrsocio-metabolic transition approach (Fischer-
Kowalski & Haberl 2007), a large time frame is ddesed, a time frame from decades to centuries,
and global interconnectedness. On this scale oneotaasily deal with actors and their deliberate
efforts. What one can mainly analyze is structet@nge of interlinked social and natural systems,
across a broad range of variables. Among thesé/idreese approach focuses on a relatively narrow
set, circumscribed by a particular paradigm as ipdcbelow, a set of variables localized at the
society-nature interface for which quantitative sw@aments can be reliably obtained in very differen
contexts. The advantage of this restraint is tingt @an demonstrate the interconnectedness of (some)
socio-economic changes and (some) changes in haystams very clearly, and thereby acquire the
ability to model important necessities and constsafior a sustainability transition.

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

A socio-metabolic transition is a transition fromeosocio-metabolic regime to another. What is a
socio-metabolic regime? These regimes are condg@das dynamic equilibria of complex systems
of society-nature interaction, characterized bypac#ic socio-metabolic profile; between them,

transitions may occur. What, then, is a (human) society? Thenhese team has invested a major

10
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theoretical effort to clarify this term in a wayathallows for consistently taking into account
interrelations with the environment (see FischewKIski & Weisz 1999).

In sociology, the most common usage of the ternci&dy’ refers to a social unit consisting of a
population on a certain territory, integrated by ltwal commonaltiesas well as by political
commonalties such as shared procedures of deaisaking, ways to enforce them, shared mutual
responsibilities such as participatory duties, amegrtain guarantee of care in the case of need'¢se
example Giddens, 1989). While in sociology the idéa@ommon governance (such as the modern
nation state) is particularly important for theioatof society, cultural anthropology tends to stréhe
functional aspect of mutual interdependence anddetion.

Conceiving of society as a social unit functiontogeproduce a human population within a territory,
guided by a specific culture, is sufficiently alstr to be applied to very different historical
circumstances, and it links elements that are slimboreations of social communication and
transmitted by communication between humans, sutgabe rules of meaning and powerful for their
meaning only (‘culture’), and elements of a clearjtural origin and character, firmly subject te th
rules of physics and biology (‘population’, ‘teoty’). The Viennese team bases its concept of socie
on the sociological systems theory developed byGbeeman sociologist Niklas Luhmann, on the one
hand, on an ecological anthropology understandamy rhanifests itself for example in Maurice
Godelier's work, see below) of society-nature iiela, on the other.

Luhmann’s notion of society is focused on commutiicaand on communication only. It is devoid of
any material, physical ingredients. Society, acewydo Luhmann, is the social system comprising alll
communication (Luhmann, 1984, Luhmann, 1997). Reaplthe sense of physical persons, belong to
society’s environment, and so do all other matec@mihponents such as habitat/territory, physical
infrastructure or artifacts. The power of Luhmannéion of society lies in its consistent theoraitic
make-up. It is founded in systems theory; it rag®n a concept of self-organization (or self-
construction: autopoiesis) of complex systems, #nihvites thinking in functional differences.
Systems theory, so we believe, provides a very dgrase for conceptualizing a world of meaning that
is highly integrated internally and reproducesbitgindariessis-a-viselements that do not “fit”. This
world of meaning and of communication is governgdjbite different causalities (or: inter-linkages)
than the material world.

Why should someone interested in society-natueragtions find Luhmann’s framing of social
systems as systems of communication, completelgidenf biophysical characteristics, an important
theoretical tool? A quick answer: because it allawsystematic conceptualisation of those features o
human society that distinguish it from biophysical,‘natural”, systems. And it frames them in terms
of a theory of complex systems formally developedbiblogy by Maturana and Varela (1975). This
theory departs from self-referential operationst thaif operationally closed — lead to system
formation, that is to the establishment of a boupdsetween a system and its environment. With
Luhmann, in social systems these self-referenpi@rations are communications, that in a recursive
process establish programs and codes that difterelea functionally differentiated subsystems and
build up a high internal complexity (Luhmann 1996 the other hand: the price for this “purity” of
focus on symbolic communication is impotence towatite material world. How can a symbolic
system make a difference in matter and space? i$wea is: it cannot. It needs an outside agent to
“reach over” into material affairs. It seems ob\@aouhat this agent can be, has to be: the humam, as
hybrid of both realms, a sharer of symbolic underding and thus a communicator, and a bodily
creature with the ability to act.

So Luhmann’s conception of autopoietic systemsoafimunication is accepted as a very valuable tool
— but this cannot be all there is to social systeinsannot be all that makes up “society”. For the
purpose at hand, the term society must not be \dpiof all material meaning, society must not so
exclusively be self-referential that it cannot mavehair. It does seem practical to distinguishvieen
societyandculture, and to employ both notions. The Viennese sodaloglical solution is to adopt
Luhmann’s system of communication for culture alloMasociety to maintain some material features:
To look upon society as a hybrid of the realm dture, of meaning, of communication, and of the

11
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material world. Society, in this understanding (Seesome more detail, Fischer-Kowalski & Weisz
1999), comprises a cultural system as a systemeaidrrent self-referential communication, and
material components: a certain human population, arhere we already touch the core of our
understanding of society-nature-interrelation -hgsjral infrastructure (buildings, machines, adiga

in use, and animal livestock). It is via these biggical components of society that culture inteyact
with nature: it is only indirectly that they mayfluirence each other, and only according to eachrsthe
rules. Conceived like this, societies are no “gystein a strict sense of systems theory. They &bnsi
of a “structural coupling” of a cultural system witnaterial elements.

To conclude, in the Vienna approach society is emed as a structural coupling between a cultural
system and material elements, among them, asntdidmal focus, a human population. Society is
guided by two programmes, two types of softwareth&t same time: a cultural software (that
determines meaning and moulds intentions), and taralasoftware that determines material
effectiveness. Society has this in common witho#ier social units. It is distinguished from theyn b
particular features, in which we basically folloettraditions most common in sociology and cultural
anthropology (see above). Thus society is not teghras a subsystem of an ecosystem, as often
conceptualised within natural science based swudidity research (Berkes and Folke, 1998). On the
other hand, the relevance of biophysical aspectsamtained and social systems do not appear as
devoid of any material, biophysical ingredientscasmmon in much of the humanities, sociology and
economics. Society comprises a cultural system, aasystem of recurrent self-referential
communication, and material components, namelertainn human population as well as a physical
infrastructure such as buildings, machines, artefat use, and animal livestock, which in their
entirety can be denoted as “biophysical structuesociety.” (Weisz et al., 2001, 121, Fischer-
Kowalski and Weisz, 1999)

Figure 1: Socio-ecological systems as the overlfjp matural and a cultural sphere of causation
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Based on such a notion of society, an epistemaddramework for the interaction of social and
natural systems is specified, as shown in Figuile domprises a “natural” or “biophysical” spherke o
causation governed by natural laws, and a “cultumalsymbolic” sphere of causation reproduced by
symbolic communication. These two spheres overtamstituting what is termed “biophysical
structures of society.” According to this concdpg interaction process between nature and culture
can only proceed via these societal biophysicaktsires.

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

If society is a hybrid, comprising an autopoietidtaral system, and material elements to whicls it i
structurally coupled, then the very interactionsaeen society and its material environment are of
decisive importance for the development of societglf. This is indeed the core hypothesis of
Maurice Godelier in the introduction to his bobke Mental and the MateriafHuman beings have a
history because they transform nature. It is indixésdcapacity which defines them as human. Of all
the forces which set them in movement and promgmtio invent new forms of society, the most
profound is their ability to transform their relats with nature by transforming nature itself"
(Godelier, 1986, p.1). This way of looking at hrgtoelates to the Marxist tradition, but it transds it

in an ecological, or co-evolutionary direction. Ttlassic reading of Marx leads to a discussion of
changing “modes of appropriation of nature” through development of new means of production,
i.e. technology. Godelier’s reading stresses thetfat human appropriation of nature modifies reatu
and this modified nature in turn stimulates soctenge. Godelier thus deviates from common social
science by viewing nature as historically varialvlet as static — and his core hypothesis attributes
societies’ historical dynamics to a feedback preciEem nature. So, according to Godelier, the
dynamic force in human history is not so much tiaéedtics of “means of production” and “modes of
production” with nature as an external elements@®mething to be appropriated, but is instead the
very interaction between social and natural refetibself.

If we now look upon society as reproducing its gdapan, it does so by interacting with natural
systems: by organizing energetic and material fléwsn and to the environment, by means of
particular technologies, and by transforming ndtsyatems through labour and technology in specific
ways to make them more useful for society’s purpo$ais in turn triggers intended and unintended
changes in the natural environment upon which $iesigeact. This is a co-evolutionary process:
societies become structurally coupled to partsheirtenvironment, leading to a process where both
mutually constrain each other’s future evolutionapfions (Goudsbloom, Jones et al. 1996). The co-
evolutionary process then is maintained by theifipaxchange relation with the environment, by the
particular way a society interacts with certainunak systems. In this co-evolutionary process, lidea
type “states” can be distinguished, patterns ofespmature interactions that remain in a moreessl|
dynamic equilibrium over long periods of time (“smenetabolic regimes”), and periods of transition.

For the Viennese social ecology approach, soci@bpa#ic regimes in world history correspond to
what many authors, using different terms, have eslrd as human modes of subsistence. (Boyden,
1992, Diamond, 1997, Gellner, 1988, Sieferle, 1991Me transitions between these modes of
subsistence have often been called “revolutionainely the Neolithic revolution (the transition from
hunting-gathering to agrarian society) and the #tdal revolution (the transition from agrarian to
industrial society). Why did particular socio-meathb regimes not last forever, or, in other words,
why were they not sustainable? Why was there, ¥ample, a transition from hunting-gathering to the
agrarian mode? And why, after roughly 10 000 yedrmgrarian societies, did a transition we call the
Industrial revolution start, leading to another maghich is still so dynamic that we find it hard to
look at it as a mode, as a socio-metabolic regifmeome dynamic stability, at all? And in what
relation to all this is a possible future socio-atetlic regime we might head for as ‘sustainable’?
These are grand questions indeed, and they arewi@ialby this approach to put the sustainability
transition in perspective.

In looking back into history, reference is madethie work of the environmental historian Sieferle
(2003). According to him, hunters and gatherersagushemselves on passive solar energy utilization
that is, their socio-economic energy metabolismedep on the existing density of solar radiation and
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its transformation into plant biomass — they do deliberately intervene into this transformation
process. Thus hunters and gatherers must mores®otile on the resource density they find and can
neither accumulate nor seriously pollute their emvinent. The only sustainability threat they pase i
overexploitation of key resources. For examplerelie evidence that hunter-gatherers, although they
probably consumed less than 0.01% of the net pyipeyduction (NPP) of their habitat, contributed
to the extinction of a significant part of the Btecene megafauna (i.e., of animals over 10 kg body
mass which are most suitable for hunting and wtrerefore, an important part of their resource
base). Although the issue is highly controversiails a case for bringing the hunter-gatherer socio
metabolic regime into debate, as far as sustaihalisl concerned. However, this socio-metabolic
regime could persist for several hundred thousaadsy

Agrarian societies, following Sieferle, are chaesized by an energy regime of “active solar energy
utilization”. Their solar energy utilization is &g insofar as they intervene into the solar energy
transformation process by biotechnologies and byhaweical devices. Most important is the
biotechnological transformation of terrestrial giems: agrarian societies clear forests, create ag
ecosystems, breed new species and seek to extingtier species. The core strategy is the
monopolization of area (and the corresponding siddration) for organisms with high utility for
humans. Mechanical devices, on the other hand (@siche sailing boat or the watermill), transform
solar energy occurring as wind or running wateo iatmovement that can be utilized by humans.
Agrarian societies seem to have always, more grdascessfully, struggled with keeping the delicate
balance between population growth, agriculturahmetogy, labour force needed to maintain the
productivity of agro-ecosystems, and the mainte@amicsoil fertility. Agrarian civilizations were
always at risk, most often from a combination afhteological and political dependencies and the
fluctuations of natural systems. Not only did Amti&lesopotamians gradually degrade their soils by
irrigation techniques, forcing peasants at firsgiee up wheat cultivation for the more salt tofeéra
barley, and later to abandon cultivation altogetbet also medieval peasants in the Netherlands los
their fight against sand-dunes. Nevertheless, gnari@an socio-metabolic regime, in many parts ef th
world, persisted for several thousand years aligstsists.

The presently dominant industrial socio-metabo#igime dates back no more than three hundred
years and is based upon the utilization of fossld. Its sustainability seems limited not onlythg
limitations of its energy resource base, but algdhe transformations it globally triggers in vargo
life-sustaining natural systems. Today, Global @earesearch provides ample evidence that major
human-induced changes can be found on any spataéd,srom local to global, and transform the
earth system at an increasing pace (Schellnhub88, ITurner et al., 1990). So this socio-metabolic
regime is bound to change, as it erodes its nabharsé. In this situation, sustainability may beutbo
guiding this transition within a corridor of accaple quality of life, for present and future human
generations.

In the Viennese approach, the MEFA framework aritesd below is a core device to analyse and
understand the metabolic exchange relations betiveeran societies and their natural environments,
the feedbacks that transform both social and nlagystems, and the biophysical limitations of the

systems involved. Current approaches towards anglybe biophysical aspects of the earth system
(e.g., Schellnhuber, 1999, Schellnhuber and Wer2@98) can be traced back to the work of

ecologists (e.g., Lotka, 1925; Lindeman, 1942; Odi@69) who conceptualised ecosystems using so-
called compartment models. In these models, ecamgstre analysed by defining compartments —
that is, black boxes transforming defined inputs ioutputs, according to some internal mechanisms,
and depending on their own structure as well ashenstate of all the other compartments of the

system. Ecosystem research proceeded by analysnghisical stocks within and flows between the

compartments and the mechanisms controlling tHewges f

Studying material and energy flows related to s@tionomic activities in a similar way as “socio-
economic metabolism” can be traced back at leadass this ecological research strategy (for
reviews see Fischer-Kowalski, 1998, Martinez-Alid987). In the present context, the socio-
economic metabolism approach is attractive asdtval defining the biophysical structures of soeigti

in a way that is compatible with the compartmentdeis usually used in systems ecology (Haberl,
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2001). That is, the metabolism approach allowsilapkt biophysical aspects of a society as if itave
an ecosystem compartment: its material stocks #saséhe flows between the biophysical structures
of society and the rest of the natural world. Ssidzly the same concepts and methods can be ased t
deal with social and natural systems.

Figure 2: Biophysical dimensions of social systems

The stocks and flows listed in Figure 2 deliveri@physical description of any society in analogoe t
an ecosystem, and the interrelations between staokk flows are — within a certain range -
determined by natural processes. By a descriptidhese parameters, any society can be ‘grounded’
within natural systems.

As a means of social science analysis, this is mnoan but hardly new. Anthropology for example
has a long tradition of analysing the relation lestw simple societies and their natural environrbgnt
tracing energy flows (e.g., White, 1943, Rappapb®71). For complex modern societies, such an
approach can be traced back to the early 1970sldiBgy 1973, Ayres and Kneese, 1969). It would
not be as attractive, though, if it provided no entlhan a biophysical description. What it does in
addition to or on top of that biophysical descoptis to establish a relation to a core culturatem

of modern society: the economy. In particular, MES&eks to analyse biophysical aspects of society
in a way that is compatible with the most commod powerful tool for societal self-observation, the
system of national accounts. By means of this “t®abmpatibility” the approach establishes a link
between socio-economic variables on the one haonghisical patterns and processes on the other
hand.

Another set of relations, listed in Figure 2, ceataround territory and land use — one of the most
important socio-economic pressures upon the enwieot and driving forces of Global Change
(Meyer and Turner, 1994, Vitousek, 1992). This eétrelations comes under the heading of
“colonization of terrestrial ecosystems” (Fischesvkalski and Haberl, 1998, Haberl et al., 2001,
Krausmann and Haberl, 2002). While socio-economitatvolism refers to the exchange of energy
and matter between social and natural systemsnizakon refers to society’s deliberate intervensio
into natural systems in order to create and mairdastate of the natural system that renders iemor
useful socially (Fischer-Kowalski and Weisz, 199R)us colonization refers mainly to human labour
and to the information, technologies and skillsoired in making labour effective. This theoretical
concept has within the MEFA approach become operatiin describing land-use. Socio-economic
land-use can be related to changes in ecosystdarmtand processes. The impact of land-use can be
measured by comparing ecosystem patterns and pexcéisat would be expected without human
intervention with those observable in the presasfcaterventions. An example for this approach is
the calculation of the “human appropriation of pgmary production,” or HANPP (Vitousek et al.,
1986, Haberl et al. 2007).

By using the MEFA approach, the Vienna team has bdée to reconstruct the metabolic profiles of a
large number of social systems on various scaleldeand across long time series. As a result, the
characteristic metabolic profiles of regimes candemtified (see table 1), and this allows a refram
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of the sustainability transition problem. It becan@pparent that in history so far, transitions leetw
one socio-metabolic regime and the next were astmmtiwith a substantial increase in energetic and
material metabolism (in terms of joules and tonsocio-economic input per capita population). This
increase was 3-5 fold in the case of the hunteathgrer transition to agriculture (Fischer-Kowalski
and Haberl, 1997), and it again was (and is) 3l& ifothe agrarian-industrial transition (see tabje

On the global level today, about two thirds of therld population live more or less by a metabolic
profile of the agrarian societies in the past, #mgly are rapidly about to change that towards an
industrial profile. For the industrial countrie$,is very clear that a next historical transiticannot
follow the old pathway of multiplying energy and teaals use once again. If there is to be a meaning
to a sustainability transition, it should imply abstantial reduction in primary energy consumption
and material flows — and this would also have tmalestrate a pathway for the developing countries
to pursue.

Thus the Viennese approach seems to be able toetlie problem, and also some of the quantities to
deal with. But for translation into policies, itfefs — at best — some theoretical guidelines angeso
targets. This is exactly where the Dutch “transgiananagement” approach comes in. This much
more pragmatic, action oriented research traditi@s evolved to deal with those “persistent
problems” ingrained in what the Viennese call aigoeetabolic regime. Can the Dutch notion of
transition be reconciled with, and fruitfully redat to the Viennese MEFA approach referred to above?

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

Agrarian |Industrial |LD DC EU |UK UK UK
regime regime 15 1750 |1830 |2000

Population | [cap/km?] | 30-40 100-300 | 40 76 116 30 76 247
density

Energy  use[GJ/capl/yr]| 50-70 150-400 33 64 20% 63 68 189
per cap

Energy use[GJ/halyr] | 20-30 200-600 | 13 49 216 19 52 468
per unit area

Biomass [%] 95-100 10-30 92 50 23 94 54 12
Fossil fuels | [%)] 0-5 60-80 8 50 771 6 46 78
Other [%] 0-5 0-20 * * * * * 10
Material use[t/cap/yr] | 2-5 15-25 4.2 6.8 16| 5.7 6.4 11.6
per cap

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

per unit area

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

Sources: F. Krausmann, V. Gaube, K.-H. Erb, S. Bhgunpubl. results, Schandl and Eisenmenger,
2006, Weisz et al., 2006, Krausmann et al., 20@8efe et al., 2006.

Reprinted from Fischer-Kowalski & Haberl 2007, pl43lightly abbreviated)
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4 THE DUTCH TRANSITION MANAGEMENT APPROACH

A complex systems & process approach to transitions

The reference point for the transitions managerapptoach is the existence persistent problems.
Society faces a number of persistent problems whayseptoms are becoming more and more
apparent. Persistent problems are the superlative 6f what Rittel and Webber (1973) refer to as
‘wicked problems’. They are complex because theydeeply embedded in our societal structures,
uncertain due to the hardly reducible structurateutainty they include, difficult to manage with a
variety of actors with diverse interests involveud dard to grasp in the sense that they are diffiou
interpret and ill-structured. Examples of persistgmoblems are: the energy problem with
anthropogenic climate change as a manifestatiorttendobility problem with traffic congestion and
air pollution due to increased mobility. Persistgnbblems could generally be considered to be
symptoms of an unsustainable society (Rotmans,)20bese problems cannot be solved using only
current policies. Existing policies are necessarnyrmt sufficient, much more is needed (Ministry of
Housing, Spatial Planning and Environment 2002).

Persistent problems require transitions: changethénstructure, culture and practices of societal
systems (Loorbach & Rotmans, 2006). We define msttian as a fundamental change in structure,
culture and practices (Loorbach & Rotmans, 2006jh\atructure we mean a broad conceptualization,
including physical infrastructure (physical stocksd flows), economic infrastructure (market,
consumption, production) and institutions (rulesguiations, collective actors such as organizations
and individual actors). With culture we mean hére ¢ollective set of values, norms, perspective (in
terms of coherent, shared orientation) and paradignmerms of way of defining problems and
solutions). So culture in our transition contexs l@aspecific meaning and differs from the traddion
sociological conceptualization of culture. And wighactices we mean the whole of production
routines, behaviour, ways of handling and impleragom at the individual level, including self-
reflection and reflexive dialogue. In earlier pehlions (Rotmans, 2005) we defined transitions as a
mutual interplay between structures, actors andtipes. Transitions cannot be steered in command
and control terms, because they are too complergrhena with many uncertainties and surprises.
However, transitions can be influenced and guideterms of influencing the speed and direction of
these processes. The latter we call transition gemant, which will be described below (Loorbach
and Rotmans, 2006).

The concept of transition has been studied fomg lime in several disciplines, e.g. in biology and
population dynamics (Davis, 1945), in economicsstBe, 1960 and Boulding 1970), in sociology
(Ness et al., 1993), in socio-technical sciencep @d Kemp, 1998; Kemp, Schot and Hoogma,
1998; Geels, 2002) and complex systems sciencaméRas et al., 2001; Loorbach, 2007). All these
research approaches have their (multi-) discipyirfanction and added value, but none of them is
comprehensive enough to address the complex nauage multiple dimensions of societal
transformations. Within the context of the Dutchoihedge Network on System Innovations and
Transitions (KSI) the ambition was therefore todstigate the phenomenon of transitions along inter-
and trans-disciplinary research lines. The reseprogramme focuses on the following questions: (i)
How and where do transitions emerge? (ii) Can veegeise, monitor and project them at an early
stage? And (iii) How can we manage (influence) ditons, using which mechanisms and
instruments?

In order to address these questions we broughthtegthree strands of science that are highly eglev

to investigate transitions. First of all, complegstems science to study transitions from a systemic
viewpoint, allowing for comprehensive analyses thatorporate relevant determinants and
mechanisms of transition processes. Second, lnatdmowledge, because there is much we can learn
from historical transitions, allowing for a rich pirical basis from which to draw. And finally,
governance science, because we want to know ngtvadmt transitions are and how they arise, but
also how we can influence them and by what kindinmiovative policy instruments. The KSI
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programme is now fully operational with about 10thaars working at 10 universities in the
Netherlands. The programme is embedded in a Eunopeseearch context, with collaborations with
English, German, Swedish and Austrian researchutes.

We started from a number of overarching (or brigyiconcepts to strengthen the coherence among
the various disciplinary angles. A first bridgingncept is that oto-evolution In the biological or
economic context co-evolution refers to mutual g@@ of two or more evolving populations (van
den Bergh and Stagl, 2004). In the complex systeamgext, co-evolution means that a complex,
adaptive system co-evolves with its environmenferring to interdependencies and positive
feedbacks between the complex system and its ema@ot (Mitleton-Kelly, 2003), in a fashion quite
similar to that conceptualized by the Vienneseugr(see above). In the transition context, however,
we speak of co-evolution if the interaction betwsenietal subsystems influences the dynamics of the
individual societal subsystems, leading to irreNdes patterns of change (Kemp et al.,, 2007).
Economic, cultural, technological, ecological andtitutional subsystems co-evolve in many ways
and can reinforce each other to co-determine &itran, although this is an exceptional pattern of
radical, structural change.

A second overarching concept is thatnodilti-level interaction. The multi-level concept describes a
transition as interference of processes at thriéerelint scale levels: macro-meso-micro. It provides
descriptive ordering framework that also has sowmamatory value (Geels and Kemp 2000). The
scale levels are interpreted as functional scalelde not spatial or geographical scale levels.yThe
represent functional relationships between actstrsictures and working practices that are closely
interwoven (Rotmans, 2005). The higher the scalel lfhe more aggregated the components and the
relationships and the slower the dynamics are lesivtleese actors, structures and working practices.
The multi-level concept provides a snapshot in twhéhe transition dynamics at the various scale
levels. It shows that the dynamics of a transitionnot start in one place but at different locadian
different scale levels. Only when these opposingadyics modulate (have a similar direction), can a
scaling up effect and thus a spiral effect emesge aecessary condition for achieving a transition.

Another overarching concept is thatrotilti-phase The multi-phase concept describes a transition in
time as a sequence of four alternating phaseshédipre-development phadeom dynamic state of
equilibrium in which the status quo of the systdrargyes in the background, but these changes are not
visible; (ii) thetake-off phasethe actual point of ignition after which the pess of structural change
picks up momentum; (iii) thacceleration phasen which structural changes become visible; (hg t
stabilization phasavhere a new dynamic state of equilibrium is achie¢Rotmans et al. 2001). The
manifestation of alternating phases is the so-@dafleurve, but other manifestations in time are als
possible such as lock-in situations as a resul@easing path dependence. The sequence of phases
does not follow a set pattern: the transition is@unded by great uncertainty and complexity, so th
degree of predictability is relatively small. Ansition, however, does imply generic patterns agh
path dependency that indicate the future transpiath. Ordering the phases is not done to forebast
course of a transition through time, but to createpportunity to recognize the various phases@and
provide guidelines for a sustainable direction tfaasition.

Another shared concept is that whnsition managementthis is conceived as co-evolutionary
management through a process of searching, leamniitg experimenting. Managing here means
adjusting, adapting and influencing rather than ¢benmand and control mode (Rotmans 2005;
Martens and Rotmans, 2005; Loorbach, 2007). Tiansinanagement is not directly focused on a
solution, but is explorative and design-orientetle Toncept of transition management is based on
common notions from complex systems theory and foems of governance that are folded into a
new management paradigm. This starts from complexit uncertainty as triggering mechanisms of
societal innovation, not as obstacles that haveetéully controlled. An essential feature of traiosi
management is the explicit coupling of content gmdcess embodied in a cyclical, iterative,
interactive and participatory stakeholder discoymseess.

And a final shared concept is thataaf-production and social learnind his means that knowledge is
developed in a complex, interactive process of roaipction with a range of stakeholders involved
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through a process of social learning. The undeglyationale is that a synthesis can take place only
through frequent interactions between theoreticabvkedge, practical knowledge and practical
experience, as a result of which innovation careprate and take root at the societal system level.
Social learning is crucial in such a process of-lve@ar knowledge generation. It does not realfere

to learning in the sense of the transfer of knog#edut more to learning in terms of developing in
interaction with others that may have another vigwp of reality. In transition processes social
learning is aimed at the process of ‘reframing’,ickhultimately leads to a change in perspective
among stakeholders who jointly try to find a shapeablem perception and directions for sustainable
solutions.

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

Essentially, complex adaptive systems can be difimg the following key characteristics: co-
evolution, emergence and self-organization. Inttiodogical or economic context co-evolution refers
to mutual selection of two or more evolving popigdas (van den Bergh and Stagl, 2004). In the
complex systems context, however, co-evolution redhat a complex, adaptive system co-evolves
with its environment, referring to interdependescand positive feedbacks between the complex
system and its environment (Mitleton-Kelly, 200Bmergence in complex system terms means the
‘spontaneous’ formation of new structures and pastein the system from within. And self-
organization is the ability to develop a new systeimucture as a result of the system's internal
constitution and not as a result of external mamege (Prigogine and Stengers 1984).

A complex adaptive system is in a certain statgyofimic equilibrium, where there is apparentlyditt
change, but on closer examination there is a cohsteeam of minor mutations taking place (varitio
and selection) in the structure of the system @wl| 1995). This develops itself in the directidrao
specific attractor whereby a dominant regime (sthteonfiguration) (Kauffman 1993) emerges. This
fundamental configuration of the system has aixglyt stable structure and order: there is a dyeami
equilibrium. For a certain period of time the stafeequilibrium offers certain advantages to the
system: specific objectives can be achieved, taaksbe carried out and consistency can be built up
incrementally. These periods of equilibrium thereftast for a relatively long time. However, after
while, mismatch can arise between the system anduitroundings, giving rise to certain tensions.
Internal and external factors contribute to thissimatch’. New internal structures emerge which
threaten and can eventually destroy the existirepdsdructure. On the other hand sudden external
changes can happen, such as surprises, but gdekedbpments also occur, such as specific policy or
developments in the market. These internal andmedtehanges create the climate for structural and
radical change, but do not actually cause chantgktoplace.

The change itself can be caused by a small coageiits who are able to erode the existing deep
structure and ultimately dismantle and overthrow ite system is approaching a critical point -hat t
intersection of two attractors — that leads to latineely short period of instability and chaos. The
system reorganizes itself, creates a new regingergnewed structure and develops itself towards a
new attractor on the way to a new dynamic equiliiriand the cycle begins again, with a higher
degree of complexity. Alternatively, the systenuiable to react adequately to the radical intesndl
external changes, is unable to renew itself, fal@wsub-optimal path and eventually dies out. i th
way relatively long periods of equilibrium, ordemdastability are interspersed with relatively short
periods of instability and chaos. There are theeeferiods when the system behaves in a relatively
orderly manner and, to a limited extent, is prexhitd. However, there are also periods in which shao
rules and the behaviour of the system is quite ediptable. The process of transformation is not

19



MATISSE Working Paper 26

characterized by steady and gradual developmeutshyb periods of relatively drastic, sudden and
radical changes, also known as ‘punctuated equalifGersick 1991; Gould and Eldredge 1977).

Transition dynamics of societal systems can beddolpon as a particular case of this complex
systems dynamics (Rotmans, 2005; Martens and Retr2805). In a transition, the complex adaptive
system is successfully adjusted to changed intexndl external circumstances and the system thus
arrives at a higher order of organization and cexipl. In societal systems a small group of
newcomers might build up niche regimes that are @bultimately break down the incumbent regime
and ultimately establish a new regime. In the steihnical literature a regime is characterizedaby
set of rules (regulative, normative and cognitiwdjere the unit of reference is a particular socio-
technological environment (Kemp et al. 1998; Ge2{¥)2). Here we define a regime in a broader
sense, with a specific societal system as a uniéfefence: a conglomerate of structure (instihalo
setting), culture (prevailing perspective) and ficas (rules, routines and habits). The regime’s
cognitive, normative and regulative institutions tcestablish and reinforce stability and cohesibn
societal systems, but they also limit innovatiotoimalised, incremental improvements (Geels, 2005).

The change itself is usually caused by new strastéormed by small cores of agents (components)
that align themselves with the new configuratiomeThew structures emerged whereas the new
alignment often is the emergent property of théesys Small cores of agents can cause initial change
and small perturbation that can be amplified byitp@sfeedbacks. Small cores have the advantage
that they have not yet been moulded by the exigglibrium and that they draw relatively little
energy from the system. Such a small core of agerdble to break through and erode the existing
deep structure and ultimately dismantle and ovewitit. However, such newly formed cores need to
be shielded in a protected environment. The follgvdynamical pattern unfolds. The system is
approaching a critical point — at the intersectadntwo attractors — that leads to a relatively shor
period of instability and chaos: a so-called systenisis. In systems terms a crisis is not negdiite
rather an opportunity to shake up and transformsifgtem. The system reorganises itself, creates a
renewed structure and develops itself towards a m#vactor on the way to a new dynamic
equilibrium and the cycle begins again, with a bigtlegree of complexity.

We describe the nature of transitional dynamicgeirms of a generic pattern that consists of a
sequence of mechanisms that result in irreversiblenges in the system. A key pattern is the
following: ‘niches’ - individual technologies, prames and actors outside or peripheral to the regim
as the loci for radical innovation (Geels, 2005trRans et al., 2001; Smith, Stirling, & Berkhout,
2005). Niches emerge and cluster and by empowarimighe cluster a niche regime unfolds; the niche
regime becomes more powerful whereas the regimeeigkening and finally the niche-regime
becomes dominant and takes over the incumbent eegipattern is built up of mechanisms and a
manifestation of such a pattern is a pathway. Ugihgy mechanisms are variation and selection,
adaptation, emergence, clustering, empoweringstoamation, decay and building up. Three variants
of this key pattern have been distinguished (sedan and Rotmans 2007): (i) micro-meso pattern,
where niches emerge at the micro-level, clusterfant a niche-regime that attacks the incumbent
regime which ultimately is transformed into a nesgime; (i) meso-meso pattern, where niches
emerge at the meso-level and form a niche-regimainwithe incumbent regime that gradually
incorporates the niche-regime and evolves into v regime; (iii) macro-meso pattern, where a
massive, fast change in the landscape leads tokingtpressure on the regime that results in a
regime-change. This is not so much related to nadnelopments but rather to relatively fast top-
down changes that profoundly impact the regime.

The challenge is to transpose the formalized, dedu@bstractions of complexity theory to the
tenacious, complex real world. The analytical gptes of complexity theory have been increasingly
applied to ecosystems and social systems duringpéis¢ 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 dtiampts to resolve persistent societal

problems. The underlying rationale is that full toh and management of these problems is not
possible, but that we can ‘manage’ these problenterms of adjusting, adapting and influencing by

organizing a joint searching and learning procdssused on long-term sustainable solutions

(Rotmans et al., 2001; Rotmans, 2005; Loorbachy28@mp et al., 2007; Rotmans and Loorbach,

2008). Transition management is not directly fodusea a solution, but is explorative and design-

oriented. The rationale underlying transition mamagnt is that there are no immediate solutions for
persistent problems, so rather than making largéesthoices with high risk, experiments are started
at a small scale from which it is possible to ledrhe ultimate choices (decisions) are then made on
the basis of what has been learnt from the expatisne

Transition management is a new steering conceptréli@s on ‘darwinistic’ processes of guided
variation and selection instead of planning. CdéiNecchoices are made “along the way” on the basis
of learning experiences at different levels. Difetr trajectories are explored and flexibility is
maintained, which is exactly what a manager woubdwhen faced with great uncertainty and
complexity: rather than defining fixed targets fievelopment, he/she sets out various options in
different directions and is careful to avoid preanatchoices.

Based on insights from complexity theory (see ahawvenumber of management principles have been
derived that could be used to address persisteigtabproblems:

Guided variation and selection

To explore a diversity of innovative options, ataisr amount of diversity is required. Rather than

selecting innovative options at a too early stageswggest to keep options open in order to learn
about the pros and cons of available options befaking a selection. Through experimenting some
aspects of the high level of uncertainty can beced so that it leads to better informed decisions.

Anticipation and adaptation

Anticipating future trends and developments, takamgount of weak signals and seeds of change
acting as the harbingers of the future, is a keyneht of a pro-active, long-term strategy. Thisifeit
orientation is accompanied by a strategy of adaptatvhich means adjusting while the structure of
the system is changing.

Radical change in incremental steps

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

Creating space for innovation

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

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

Multi-actor network approach

Many diverse actors are involved in transition sses and every actor is trying to influence other
actors. No single actor has the managing capa&silito fully control a transition process, therefore
networks of actors represent differences in powek gerspective and network management aims to
direct the actors involved.

Scaling up experiments

Transition experiments need time and resourceset@ldp and mature in niches before they can
compete in a market arena. This requires a senaifidlesmart strategy that consists of learning as
much as possible from a transition experiment, aBpg an experiment in an adjusted form in a
different context and trying to scale an experimgnti.e. embedding it in the existing structurés o

the incumbent regime.

In managing transitions, thevhat’ and how’ questions are intertwined. This means that theecuris
explicitly linked to the process itself. Analyzitlge dynamics of the complex societal system, trying
to grasp its dynamic behavior, unfolds possibsitte influence its dynamics in a certain direction.
This leads to opportunities for managing the systesing innovative instruments to use the windows
of opportunities created in the system. Howevesigim into the complex dynamics of a societal
system is necessary but not sufficient. We alsal ieeunderstand how to organize a process with
multiple actors (both individual and collective)tiidifferent interests from diverging perspectives.
New forms of governance deal with this kind of matttor, multi-domain and multi-level processes.

Transition management contains the main charatitsrie®f new forms of governance: network

management, interactivity, pluralism, multi-levettis and social learning. Transition management is
by definition a multi-actor process with particijpet from government, societal organizations,

companies, knowledge institutes and intermediagaoizations. Because of this participation at
various levels, a multi-level network emerges withihich different themes are discussed and tackled
(Loorbach 2007). Transition management seeks ibtéde a range of processes and point them in the
same direction by a combination of network managenand self-steering. As such, transition

management can be considered as a specific formubii-level governance (Scharpf 1999; Hooghe

and Marks 2001). The co-evolutionary multi-levergpective is based on the ‘advocacy coalition

framework’ (Sabatier and Jenkins-Smith 1999) anel tloncept of ‘partisan mutual adjustment’

(Lindblom and Woodhouse 1993). Various groups vdatlwide range of interests and ambitions

attempt to get their own themes placed on the ipalitagenda. By negotiation, adaptation, co-

production and debate, actors change their oworvignd redefine their own position and perceive the
problem in a different manner.

Apart from characteristics embedded in the abovengoof governance, transition management has
distinguishing characteristics. The combination “efsionarity”, the long-term perspective, and
sustainability as normative guiding principle idistinguishing aspect from other (new) forms of
governance. But in particular the combination oflgtic insight into systems complexity and
understanding of the process of governance coniplaégi new and has resulted in a specific
management framework that we will discuss in maitibelow.
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The challenge with transition management is tosliega the relatively abstract management rules into
a practical management framework without losing naach of the complexity involved and without
becoming too prescriptive. We have attempted thiddsignating transition management as a cyclical
process of development phases at various scalks &g cycle of transition management consists of
the following components (Loorbach, 2007; Loorbaaid Rotmans, 2006; Rotmans, 2005): (i)
structure the problem in question and establish amhnize the transition arena; (ii) develop a
transition agenda, a vision of sustainability depehent and derive the necessary transition paths; (
establish and carry out transition experiments anudbilize the resulting transition networks; (iv)
monitor, evaluate and learn lessons from the thiansiexperiments and, based on these, make
adjustments in the vision, agenda and coalitiomsofding to our experiences so far, there is nedfix
sequence of the steps in transition managemengaseR3 suggests and the steps can differ in weight
per cycle. In practice the transition managemetivities are carried out partially and completety i
sequence, in parallel and in a random sequence.

Figure 3: Activity clusters in transition managemen

In effect transition management comes down to itrgadpace for frontrunners (niche-players and
regime-players) in transition arenas, forming nealitions around these arenas, driving the actisiti

in a shared and desired direction and develop tawadi and networks into a movement that puts
societal pressure on regular policy. Ttrensition-arenais best viewed as a virtual arena or network
which provides room for long-term reflection analpnged experimentation. Such a transition arena
has to be supported by political actors or regiroegrs, but not dictated by them, for example
through the support of a minister or a directortiivi such a transition-arena, each actor has to
redefine his own role, competences anddus operandin interaction and co-production with the
other actors. Through such a process of co-prosluetnd co-ordination, actors at different levell wi
be able to formulate joint goals and develop comrsategies that involve societal uncertainties,
power-relations, institutional barriers as wellasbitions, targets and desires.

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

An integrated systems analysis forms the basisvefyetransition management process, providing a
common ground for a variety of actors and enougtrmation for informed debates and discussions.
Informed insight into the complexity of the systeta,major defining subsystems, the dominant causal
relations, feed-back loops, the roots and the matfistructural problems establish a baseline ds we
as conditions for discussing visions, strategied actions in the future. At the same time, such a
preliminary assessment yields knowledge about ther mctors influencing the system in both a
conservative and an innovative way and helps tdegthe selection of participants for the transition
arena. Such a selection is of vital importancetigipants need to have some basic competencies at
their disposal: they need to be visionaries, fiamters, have the ability to look beyond their own
domain or working area and be open-minded. Theyt nfuisction autonomously within their
organization but also have the ability to convey tleveloped vision(s) and develop it further within
their organization. As the process progressestrémsition arena will expand slowly, involving new
actors while at the same time some participantdedle the transition arena.

The development of sustainability visions, pathveangsa transition agenda

Long-term visions of sustainability can functionaaguide for formulating programs and policies and
for setting short-term and long-term objectiveseddnvisions must be appealing and imaginative so as
to be supported by a broad range of actors. Imgpifinal visions are useful for mobilizing social
actors, although they should also be realistic flbmovation levels within the functional subsystem
in question. Last but not least they representrs@&asus among different actors on what sustaibabili
means for a specific transition theme. Transitigions need to be developed by frontrunners in a
transition arena and embrace multiple transitioages (‘basket of transition images’) to represent a
variety of possible options. Transition images espnt integral descriptions of (sub)systems, which
evolve over time and depend on new insights anchilegq effects. They include transition goals,
which are qualitative rather than quantitative, timdimensional, representing the three dimensidns o
sustainability: economic, ecological and sociooat

Various transition pathways lead to a particulansition image (a sustainability vision comprises
various transition images) and from various tramsiimages a particular transition pathway may be
derived. The transition images can be adjustedraswdt of what has been learned by the players in
transition experiments. The transition processhissta goal-seeking process, where the transition
visions and images, as well as the underlying gohlnge over time. During the course of the
transition process the visions and images will besen that appear to the actors as the most
innovative, promising and feasible. The transitamyenda contains both content objectives, process
objectives and learning objectives. While the ti@ms visions, transition images and transition
objectives form the guidelines for the transitiggeada, the transition agenda itself is the comfiass
the frontrunners which they can refer to duringrteearch and learning process.

The initiation and execution of transition-experitse

From the transition visions and images transitispegiments can be derived which are either related
to or combined with existing activities. Transitierperiments are high-risk experiments with a docia
learning objective that are supposed to contrilbaitdhe sustainability goals at the systems level an
should fit within the transition pathways. It isportant to formulate sound criteria for the selatof
experiments and to make the experiments mutualem@mt. The crucial point is to measure to what
extent the experiments and projects contributeht dverall system sustainability goals and to
measure in what way a particular experiment reggsranother experiment. Are there specific niches
for experiments that can be identified? What isatigude of the current regime towards these niche
experiments? The aim is to create a portfolio ahsition-experiments that reinforce each other and
contribute to the sustainability objectives in sfigant and measurable ways.
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Monitoring and evaluating the transition process

Continuous monitoring is a vital part of the seaacdkl learning process of transitions. We distinguis
between monitoring the transition process itseit] aonitoring transition management. Monitoring
the transition process involves physical changethénsystem in question, slowly changing macro-
developments, fast niche-developments, seeds afgehas well as movements of individual and
collective actors at the regime level. Monitoringtr@nsition management involves different aspects.
First the actors within the transition arena meshionitored with regard to their behavior, netwogki
activities, alliance forming and responsibilitiasdaalso with regard to their activities, projectsla
instruments. Next, the transition agenda must beitm@d with regards to the actions, goals, prgject
and instruments that have been agreed upon. Fitt@lyransition process itself must be monitored
with regard to the rate of progress, the barrierd points to be improved, etc. Evaluating these
monitoring aspects within each phase may stimwapeocess of social learning that arises from the
interaction and cooperation between different adiovolved.

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

For the purpose of illustration, we give a shomiew of the intermediate outcomes of the traositi
process that was initiated in 2001 by the Dutchi$lig of Economic Affairs. During this process, the
vision for sustainable energy was translated inemegal transition-images for 2050, strategic
ambitions for 2020, and six main routes along whiehenergy policy was defined (see table 2).

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

Theme Goal Transition path

Decentralized electricity generation
To become the most sustainable gas | Energy efficient greenhouses

New gas country in Europe Green gas hydrogen

Clean fossil fuels

Factor 2 reduction of GHG emissions for | Hybrid propulsion
Sustainable mobility new vehicles in 2015 and factor 3 | Biofuels

reduction for all vehicles in 2030 Hydrogen vehicles
Intelligent transport systems

Biomass production in NL
Substitution of 30% of resources for | Chains for biomass import
Green resources energy by green resources by 2030 WISE Biomass co-production
Synthetic Natural Gas
Sustainable chemistry

Optimizing the waste chain
Precision farming

Chain efficiency 20-30% extra improvement of product | Process intensification

chains by 2030 Multimodal transport

Clearing house for bulk products
Symbiosis (closing material loops)
Micro cogeneration

Energy efficient paper production

Renewable energy sources

Sustainable To make electricity supply more | Decarbonization and cogeneration
electricity supply sustainable Electric infrastructure
Electricity use
Built environment To accelerate energy improvement | Energy improvements in built environment
programs and stimulate new innovations 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 clamgntary rather than competing. Their
complementarity derives from the difference in eahiof origin and key purpose: while one focuses
mainly on analysis, the other is clearly orientedards intervention with the goal of furthering a
transition towards sustainability. But this distina is bound to narrow down if both continue om th
tracks of research they are following. While thetdduapproach now strongly engages in more
“academic” research to strengthen its conceptudldata base, the Viennese approach is increasingly
used and tried out in practical political conteffisas et al., 2004, Gaube et al., 2007).

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

Both are systemic approaches conceiving of sosietiecomplex systems in interaction with
natural systems. Systemic change then involvesgdsaim the patterns of interdependence of
a broad range of variables. For the socio-metali@itsitions approach, it is crucial that this
involves also society-nature interactions and chanm natural systems. The transition
management approach is more focused on socialostorand cultural changes that may
involve the environment to a greater or a lessdeng.

Both approaches conceive of sustainability as aomdgviation from current pathways,
requiring substantial efforts from society.

Both approaches build upon a non-developmentaldgara the evolution of social systems
occurs in a non-directional manner; there is negstablished hierarchical ordering of stages.
The transition to states that may be consideredensustainable is by no means an
automatically built-in turn of history. Neverthedgesthe analysis is intended to further
sustainable development and to find pathways tosvsudtainability.

In some ways, though, there are fundamental — eveometimes rather terminological than
paradigmatic — differences.

The approaches play on different scale levels, batltionally and in terms of time. While
the socio-metabolic approach focuses mostly oneed of national societies or beyond, and
on decades to centuries in terms of time, the itiansmanagement approach focuses on
periods of one or two generations, and functionahlylevels below the national society. At
the same time, the focus clearly is on industralizocieties, while the Vienna approach
assumes a global perspective and has a strong simpdao on agrarian and developing
societies.

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

Some basic distinctions are drawn in a fairly défg way. While for the socio-metabolic
approach, the major basic distinction is betweetural’ and ‘cultural’ systems and processes
that are often conceived of as structurally coupldd key distinction in the transition
management approach is between ‘niche’ and ‘regimnethe one hand and between actors
and systems on the other hand. Building upon tlse lafistinction of ‘cultural’ and ‘natural’
systems, the ‘hybridization’ of both is the keyuederstanding social processes and society-
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nature interactions in the socio-metabolic approdetthe transition management approach,
the overarching concept of ‘complexity’ puts théevant social and natural systems on the
same level. Both approaches use the notion of ohen, but in somewhat divergent ways.
While in the Dutch approach, the role of stakehadand various types of social actors, is
crucial, the notion of ‘actors’ is virtually abséntthe Viennese socio-metabolic approach.

It is interesting to note that both approachesesgmt “schools” and thereby a way of collectively
organizing research as is very uncommon for thdicgimn of science to society. They represent
schools not only in the sense that a larger nurobeesearchers uses a common terminology and
refers to one another, but also in the sense gf term direct collaboration within a shared desigd
often organizational interdependence. As a consegdahey both appear fairly self-referential and
‘closed’. Still, both schools are broadly interddimary, but originating from a different intelleal
background (sociology and history for the Viennemgproach, complex systems theory and
technology studies for the Dutch approach). Orr th&ihs of crossover, even if coming from different
corners, they meet on broad social science growarts,could gain in momentum and explanatory
power by increasing their mutual intimacy.
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