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Abstract

Currently, there is much interest in stimulating ‘speeding up’ socio-technical transitions to
sustainable systems, most notably in the sectoeefgy, transport and agriculture. This essay
attempts to assess whether and how ‘transitioré fymblems and issues are being addressed in
the various sub-disciplines and methodological epgines of economics. This allows us to
identify concepts, ideas, theories and empiricathim#s in economics that are suitable for
inclusion and elaboration in ‘transition resear@urprisingly, we find that many sub-disciplines
of economics have in one way or another addresssulgms similar to transitions. Our main
conclusion therefore is that economics offers & palette of ideas that may be useful for
transition research. Studies on development stdgeg,waves, technological path-dependency,
conflict resolution, public investments, emergeatmstitutions and, transitions from communist
to market-democracy systems seem especially rdletearthe study of transition. Although
mainstream economics conflicts in certain ways withapproach called for by many involved in
transition research, we show that economics cdytdias something to offer to the study of
transitions.



1. Introduction

Recent discussions of sustainable development gftesent the concept of ‘transition’ as a
generalized notion of system innovations (e.g.,rBaa Sustainable Development, 2000; Raskin
et al.,, 2002; Elzen et al., 2004; Geels, 2002, 20&mans, 2003; Smith et al., 2005). A
transition comprises a society-wide change thatsgbeyond single sectors and involves
fundamental and interrelated changes in technologyanisation, institutions and culture. The
notion of ‘transition’ can be viewed as a respots¢he problem associated with the fact that
many studies of sustainable development are resirio formulating or portraying a hypothetical
and utopian sustainable system (i.e., a ‘blueprintiile it remains unclear how such a system
can be realized. The shifting of the focal poimnira sustainable ‘end state’ to the transition
process that transforms the current, unsustairg/dtem into a sustainable state, adds realism
and policy relevance to the analysis. Transitiaigs are thus aimed at assessing the processes
that initiate, foster and direct transitions ashaslthe barriers against transitions.

In the Netherlands, the national government haglema commitment to stimulate
transitions in energy, agriculture, built environmmhend transport. In addition, a 20 million €
research programme (KSI) has been establishedctease knowledge about transitions. The
programme aims to generate both fundamental kn@eledbout transition processes, including
typologies of transitions, causal mechanisms, aagswin which transitions and related co-
dynamic processes can be studied. In additiommi$ & produce practical knowledge that can be
used to the benefit of ongoing transition experitaen the Netherlands, which are fostered by
the ministries of economics and the environmenthBoms are realized through three areas of
research:

1) Historical research of past transitions, whichwa#iadrawing theoretical as well as policy
lessons. In particular, this tries to learn abdt teleological nature of past transitions,
the role of co-dynamics of sub-systems, visiongeetations, and collective action in
bringing about transitions.

2) Systematic analysis and monitoring of current tteorss and analysis of hypothetical,
future transitions, with a special focus on mopjltealth care and, agriculture.

3) Research on the governance (steering and manageohéransitions, looking at the co-
dynamics of sub-systems.

Transitions can be conceptualised as non-lineacegses of change, involving four
stages, namely predevelopment, take-off, acceteratr breakthrough, and stabilisation
(Rotmans, et al., 2001). Steering of transitionglifficult if not impossible, as they involve
complex interactions between subsystems (co-dyr&noifcthe social-economic-technological-
institutional system. Even when a government comnt#elf to a certain transition, it cannot
control the transition in a top-down manner, ifyohecause it itself is a central part of the change

Kemp et al. (2006) have developed a model of ttmmsimanagement based on such
things as ‘dynamic agendas’ and ‘adaptive prograshméransitions are regarded here as
involving changes at three levels, namely of nialegime and (socio-technical) landscape. A
transition requires synchronicity and interactidndevelopments in different domains, which
often involves mutual reinforcement (Rotmans, et 2001). Within the multilevel scheme,
producers are part of a production regime and lantdogical regime based on a certain body of
knowledge with links to science and tacit elemebtsers are part of a user regime, characterised
by income, (changing) preferences, habits, capigsiland modes of social interaction. They are
constituted (configured) by certain capabilitiealues, beliefs and roles. In addition to producer,
user and, technology regimes, there are regimg®lafy, science, socio-cultural activities and,
market functioning. Developments in one regime uafice developments in another regime
(Geels and Kemp, 2005), which leads to co-dynaroicgven coevolution (see Section 3.2).

2 For an overview of KSI projects sb&p://www.ksinetwork.nl/?content=projects




Niches are domains where radical innovations emdrgether words, they act as ‘incubation
rooms’ for radical novelties, shielding them fromaimstream market selection, acting as stepping
stone for further change (Schot, 1998). The maevell is formed by the socio-technical
landscape, which refers to aspects of the exogeavisonment. This includes macroeconomic
and international conditions, politics, culturadamormative values, environmental problems and
scarce resources. It further includes the matendl spatial configurations and arrangements of
cities, factories, and physical (road and enengfypstructure (Rip and Kemp, 1998; Geels, 2002,
2005).
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Figure 1. Interaction between different scale-lavel
Source:Geels (2002).

There are different types of transitions. Histompitts both relatively large and small
transitions. Examples of large transitions incltitke invention and spread of fire control, the rise
of agriculture, the Industrial Revolution and, temergence of mass-production/consumption.
Smaller transitions are the Green Revolution incadfure, the electrification of society, various
transitions in transportation (e.g., horse/wagordan and, certain energy transitions (e.g., from
coal to gas). The notion of (a small) transitionyragso be regarded to cover transformations in
human communication (e.g., mobile phone, emailerivdt), and work organization and
manufacturing (i.e., from handcraft to mass manufamy and flexible production). Finally,
transitions have spatial dimensions or repercussicities and regions go through transitions as
part of wider, global transitions; associated \titis, trade patterns between regions and countries
change. Kemp and Rotmans (2005) distinguish twegygf transitions: goal-oriented transitions
and evolutionary (non-teleological) transitions.eSeand Schot (2005) make a distinction
between five transition pathways, namely transfaéiona opening up of new functional domain,
technological substitution, de-alignment and, igrathent. In addition, one can identify a number
of challenges in analyzing transitions. See Tahte 2ection 4 for further illustration.

To date, economists have not contributed much ® elaboration of the notion of
‘sustainability transitions’. Nevertheless, thegditionally have devoted much attention to the
study of long term growth and development as welt@the (optimal) planning of these. In
addition, they have developed policy theories basedcentive mechanisms, which have also
had wide application to environmental and resoumgulatory problems. Economists have
stressed that in many (but not all) circumstanaeedtralization through price incentives gives
the best outcomes from a social welfare perspeciilie various mainstream economic theories
have not directly addressed transition challengies path-dependence, lock-in, diversity of
options, bounded rationality and, uncertainty. His tsense, there is a gap and even a conflict
between mainstream economics and the transitioadjgam. Although we pay attention to this



possible conflict, the current paper adopts a coave approach by examining which useful
ideas and suggestions for transition research eatebved from the rich literature on economics,
both within mainstream (neoclassical) and heterasmaomic schools. In particular, we will try

to collect the most exciting ideas from a rang@adsibly relevant sub-disciplines of economics.
In addition, we will examine the relevance of methlogical approaches common in economics
to address transition issues.

Even though the specific notion of transition ist need much in economics, several
economic concepts and terms bear close relationtehiipp Examples are development, growth,
structural change, (system) innovation and, transhtion. So far, the term ‘transition’ has
appeared in only three areas of economic resebradheoretical, dynamic models of growth, a
transition is sometimes used to denote the chamgm fone state to another stationary
(equilibrium) state. This resembles some of therprietations commonly attached to ‘transition’
in the context of sustainable development, notdbé/ association with a major technological
innovation. A second area in which the notion ‘siion’ has been used is the study of processes
characterizing the transformation from a plannedatoarket economy (notably, the former
communist USSR and Eastern-European countries)irdy somewhat related field of research in
which the term ‘transition’ is employed, is that dfvelopment economics, which analyses the
conditions under which poor, rural countries caange into modern market-based economies,
characterized by a more educated labour force, i@ malanced and elaborate sector structure,
with well-functioning markets, and less dependenmceesource exports and foreign aid by rich
countries.

This illustrates that the idea of transition is eotirely new. Moreover, transitions are not
hypothetical constructs: history is full of themhi§ suggests a potentially important role for
(economic) historical analyses. The main differebeeveen many historical transitions and the
ones envisioned in the context of a sustainableldpment is that whereas the first type are with
few exceptions autonomous and unintended, ther lattguably require purposeful public
guidance and interference. We will suggest here thhea discipline of economics can provide
useful insights about the latter. This is not sisipg perhaps in view of its long-standing
tradition of dealing with concrete policy questiehsvitnessed by, among others, economic sub-
disciplines such as environmental and public ecacam

The structure of the paper is as follows. Sectioras2esses the main methodological
approaches and sub-disciplines of economics thaaicopotentially relevant ideas on transitions.
Next, Section 3 presents a selection of the masnjsing approaches and sub-disciplines with a
brief discussion of their core notions and insiglsction 4 summarizes the insights by linking
transition challenges to economic theories and eptisc Section 5 discusses the potential conflict
between mainstream economics and the ‘transitim@rmg@ance paradigm’. Section 6 provides a
summary and conclusions.

2. An overview of relevant economic appr oaches and sub-disciplines
This section attempts to assess various ideas ¢oacepts, theories, approaches and insights)
from the broad spectrum of economics that haveptitential to benefit the recent, emerging
thinking on transitions. Such ideas may contribiastean improved understanding of transition
phases and processes, elements of transition maeageand barriers to transitions. For this
purpose, we identify two levels of organisationhiitthe discipline of economics.
The first level of organisation focuses on thethodological starting poinThis includes:
* neoclassical (micro)economics (including partiatl yeneral equilibrium theory and game
theory),
* macroeconomics (including various “schools” of tidu such as new and post-Keynesian
economics, new classical economics, supply sideauowes, disequilibrium theories and
monetarism),



» classical economics (internally heterogeneousketinespecially to early economists such as
Adam Smith, Thomas Malthus, David Ricardo, Karl Mand John Stuart Mill), and,

» various (other) heterodox schools (e.g., behavioacanomics, evolutionary economics,
Austrian economics, Sraffian economics and instihatl economics).

The second level of organisation focuses onsilte-disciplines The following list outlines
the sub-disciplines considered most relevant ferghrpose of transition research (core issues
and concepts are indicated in brackets):

* business cycle theory (long waves),

» development economics (micro, macro, industridlimat institutional arrangements,
international linkages, development planning, traadkcy),

e economic growth theory (endogenous growth, multsat growth, comparative studies of
countries),

» economic history (general, technological, industrgeeography and regions, institutions),

* economic studies of transition economies (formeradist/communist countries),

» economics of disasters (disaster as unlocking izi1sys

» economics of information (decision-making underertainty and imperfect or asymmetric
information, learning theories, search, networkrfation),

* economics of technology (innovation systems, pasigxternalities, diffusion, intellectual
property rights, subsidies),

» environmental and energy economics (regulatiogue® curse or Dutch disease, resource
pricing, and extraction),

* industrial economics (market structure, innovatisnategies, rent seeking, cooperation,
complementary products, networks, vertical intagratand demography of industries),

* international economics (trade, location, cooperatinnovation and international diffusion),

» marketing (life cycle of products, and market amtlovation strategies),

* population economics (interaction between individefzoices, economic development and
demography),

» public economics (public goods, public investmégniblic R&D, infrastructure, club theory,
public and social choice, conflict resolution), and

e gspatial economics (regional diversity, spatial asion, spatial diffusion, agglomeration
theory, new economic geography, economic effecisfrdstructure).

In the next section we provide a brief overviewocoffe aspects for a select number of
methodological approaches and sub-disciplinesdliateove, judging each against the context of
the potential for transitions. Section 3.1 focuses methodology and, Section 3.2 on sub-
disciplines.

3. A selection of economic insightswith potential relevance for transition research

3.1 Methodological approaches

Classical economics

Classical economists’ concern with historical chesgggests relevance for transition research.
They study the mechanisms of transformations ooayrn economic and social life. Their
economic analysis is mixed with sociological analysf social relations (struggle). The
multidisciplinary nature of this approach to anaysxplains why early economists like Malthus
and Marx are considered ‘early’ sociologists bys#hworking in sociology.

David Ricardo and John Stuart Mill regarded theneoay as moving towards a steady state.
From Ricardo’s point of view, this was due to diishing returns to increasingly marginal land
used for agriculture, and from Mill's point of viewt was due to diminishing returns to utility.
Daly (1977/1991) emphasized the notion of a stestdye economy, later referred to as an



environmental sustainable economy, with a minimaterial and energetic throughput and a
stable population. Malthus believed population oanivas the major problem, as food scarcity
would become urgent, and as such, he proposedirgstets the most effective and realistic
approach. Classical economists generally belietsat land was (still) an important and scarce
production factor (Hubacek and van den Bergh, 200%jis changed dramatically due to
industrialization, which marginalized agriculturdhe new point of view was reflected in the
neoclassical economics paradigm by a shift in emigh# the production factors, labour and
capital, resulting (initially) in a disregard fdre fundamental role of natural resources.

Grand development theories: Marx, Schumpeter areid®o

Classical and other economists have proposed gtamelopment theories. Karl Marx, Joseph
Schumpeter and Walt Rostow (1960) are the mostiitapbones. They combined an interest in
theory with an interest in history, not just ecomomstory but also social and political history.

They did not focus on economic change at the mdrgiron how different elements of historical

change are mutually connected and on the discatitisuather than trend-like changes. Marx
and Schumpeter both believed that capitalist systeould go through a transition ending in a
socialist system. Marx developed a political traosi theory with a period of proletarian

dictatorship in the transition from capitalism tci&lism. Class struggle (a sort of group theory)
was a crucial mechanism in his theory.

Schumpeter (1934, 1939, 1942) thought that the lassical notion of equilibrium was
problematic, as he regarded capitalism as a prdabessan never be stationary. Schumpeter’s
view of capitalism was built around the notion eféative destruction”, denoting a “process of
industrial mutation (...) that incessantly revoluiims the economic structufeom within
incessantly destroying the old one, incessantlgtorg a new one” (original italics, Schumpeter,
1976, p. 83).

Like Marx, Rostow (1960) developed a multi-stageary of development, not towards a
communist society but towards a consumer socieiy. fide-stage framework described the
stages that poor, developing countries must pasaigh in order to become modern market
economies. These stages comprise the traditioraétgp the preconditions for take-off, the
actual take-off, the drive to maturity, and highssi@onsumption. This theory resembles life-
cycle theories common in marketing, aimed at dbsui the development of products and
markets. Rostow set out a number of conditions thate likely to occur in investment,
consumption and social trends during each stage sfdges, the length of transitions periods and
the conditions may vary from country to country aedion to region. Rostow attached great
importance to political change, most notably thélding of an effective national state and
commitment to modernization, as an important prdimn for take-off. Maturity (mass
consumption) is reached after some 60 years diteibeginning of take-off. The impetus for
growth comes from new technology, diffusing acreasous sectors, ultimately leading towards
the production of consumer goods and servicesaahng sectors. Rostow’s systematic, detailed
theory certainly deserves serious attention fraandition researchers. A similar stage model of
industry development around technology evoluticruing on skills, investment and location is
offered by Perez and Soete (1988). Today howeveryraaonomists are criticial about the view
of economic development moving towards station#ges, not just neoclassical economists but
also evolutionary economists such as Harvey anaéffet(2005) who regard capitalistic systems
as restless and unsettling.

Neoclassical economics

The dominant methodology within the current disoiplof economics is neoclassical economic
theory. Central to it is the assumption that agent®useholds, firms and public agencies — act
rationally or individually optimally (i.e. they caistently maximize a given utility or profit
function). Neoclassical economics focuses its tittieron market relationships, as such its policy



theory derives from the idea that market failuoessing a deviation between market equilibrium

and a social welfare optimum, should be approgyiaterrected. Suggestions resulting from this

approach that are relevant to the understandiricgansitions can be summarized as follows (see

also den Butter and Hofkes, 2004):

» Prices (neglected in many perspectives on transitiocoordinate economic choices,
including demand, supply, investment in capital antlays on R&D.

* Negative externalities due to environmental padiatand positive externalities of R&D and
innovation need to be internalized.

* Changes take the form of smooth trends (growthriheational expectations) and smooth
substitution process (equilibrium theory) ratheanthsudden breaks. Economic change is
governed by prices signalling relative scarcitgluling those of natural resources.

» Old, obsolete techniques are gradually replaceddwy, more profitable techniques (vintage
capital models).

Traditional (general) equilibrium theory is a smtctase of game theory, where the latter
generalizes types of human interactions, not onBrket, possibly repeated, but strategic
(expectations about others” behaviour). Transitioas be conceptualised as non-zero sum,
dynamic (sequential) and, coordination games. Alvemof insights from game theory relevant
to transitions follow. A central insight of gameetry is the prisoner dilemma: individual
rationality combined with non-cooperation can léadan outcome that is sub-optimal from an
individual and a social perspective. Repeated act@n, negotiation (a convention, standard or
institution) or coordination (information sharingy, exchange and complementary specialization),
can assist in solving this type of problem. Cooation games can be characterized by multiple
equilibria. Any observed or resulting equilibriusithen a matter of arbitrariness or randomness,
but may be purposefully stimulated by agreeing awms or setting uniform standards.
Evolutionary game theory has been developed parthesponse to this “equilibrium selection”
problem. Transitions involve many strategic intéiats between different agents which might be
caste in game theoretical terms.

Many of the specific insights arise from the apglion of general neoclassical economic
theory in sub-disciplines, as examined in the remdtion. In addition, in Section 5, we will
consider the potential conflict between mainstreagoclassical economics and transition
thinking, as noted by some transition researchers.

Behavioural economics
Whereas neoclassical economics assumes that iodlviagents are rational, a new school,
behavioural economics, works along different lirshavioural economics, overlaps with and is
motivated by experimental economics and economjctadogy. The three approaches have
pointed convincingly at the shortcomings of thealassical economics approach on the basis of
philosophical and theoretical arguments as welempirical and experimental evidence (e.g.,
Caldwell, 1984; Conlisk, 1996). In response to ,tlisrange of alternative models have been
proposed to address particular aspects of bouratezhality (Camerer et al., 2003). Transition
research calls for studies addressing barrierbaoge, including those relating to individuals and
organizations making decisions characterized bytded rationality

Herbert Simon was the first to systematically argiat the combination of imperfect and
costly information and limited capacity of the humibrain implies a procedural rather than a
substantial type of rationality, resulting in ‘sitting’ behaviour: individuals try to attain
acceptable rather than optimal levels of welfarefipor other indicators. From a ‘hierarchy of
needs’ (Maslow) or lexicographic preference perSpecit is argued that needs have a
hierarchical order. For instance, higher needsh g the desire for music, would not appear
before the lower needs, like satisfying hunger, satisfied. Empirical happiness or subjective



well-being research has further established thahams adapt to changing circumstances
(preference drift) and value relative (income) poes and status goods (reference drift, rivalry in
consumption) (van Praag and Ferrer-i-Carbonell4200nitation (bandwagon effect) is related
to this, most notably with regard to conspicuousstwnption or status goods. In addition, our
social behaviour is complex. Penn (2003) notes tmatironmental regulation should, for
instance, take social interactions (e.g., reputagifects) into account. This is consistent wité th
findings of economic psychology and experimentaineenics, and of group selection theory
(Henrich, 2004). Group phenomena can be linked vargety of social — non-selfish or other-
regarding — preferences: reciprocal fairness, igqaversion, pure altruism, altruistic
punishment, and spite or envy (Fehr and Fischba2lér).

Various theories deal with behaviour under unéetta prospect theory being the most
influential one. Motivated by experiments, it stes the asymmetry with which individuals
perceive gains and losses. ‘Habits and routines'often regarded as a straightforward approach
to deal with complexity and uncertainty. Finallygcarding to some theories, under highly
uncertain conditions behaviour takes the form dfdtion, an example of which is panic selling.
Such imitation leads to a reduction in the divgreitindividual behavioural strategies.

These various views on individual behaviour arlevant to transition research, as they
provide clues to such different issues as imitattonthe demand side in relation to lock-in,
emergence of niche markets, investment and R&Dstets, strategic interaction of individuals,
and relevant policy goals. For example, happinessarch has shown that growth of individual
welfare is not always equivalent to growth in cangtion or income, if only because the rivalry
game for status goods is at best a zero-sum gaayau(dl, 2005).

Evolutionary economics
Evolutionary economics is perhaps the most intgrnebnsistent and formalized alternative
theory to neoclassical economics. Its starting jp@nformed by one or more populations of
elements (agents, strategies, organizations, utistis or technologies) which are characterized
by internal diversity (heterogeneity). The lattemcchange in two directions: it can increase
through innovations and decrease through sele¢adaption, imitation, diffusion) (Nelson and
Winter, 1982). The model of evolution points te tumulative nature of these changes and the
associated (mostly) gradual adaptation of individelements to their environment (possibly
changing) which is comprised of economic, sociadl @cological conditions. Evolution thus
represents a population dynamics approach to tramsi

Potts (2000) has formulated an interesting propdsal the future direction of
evolutionary economics. He presents a type ofraata foundation for evolutionary economics.
In his view, economic systems are complex ‘hypacstres’ (i.e., nested sets of connections
among components). Connections can represent ffsicphconnections between components in
products or machines, as well as the material afatrhation flows between individuals or
departments within an organization. In this casenemic change and growth of knowledge are
in essence the process of changes between conreediloe thing is evident: new products, new
firms and new sectors rise and old ones disappddle firm ‘growth’ and economic ‘growth’
are essentially processes creating new and lodohgannections, as well as grouping those
connections or hyperstructure dynamics. In linénlie idea of changing connections, Potts calls
for a new microeconomics based on the techniquiscfete, combinatorial mathematics, similar
to graph theory, to study the change of microecao@momnnections. In addition, Potts’ approach
can be viewed as a fundamental discussion of ted feg multi-agent or population models, also
known as ~artificial life” models. He also seemsstmgest that all connections have a spatial
dimension as well, implying the relevance of thedmetry of space’.

The emergence of new levels of reality through gheuping of connections offers a
refreshing perspective on transitions, similarite way in which they are perceived in biology
(e.g., from molecules to cell to multicellular onfgm to animal groups). Not surprisingly,



transitions are also recognized and given mucmigtein evolutionary biology (Maynard Smith
and Szathmary, 1995). The emergence sequence suguaeasing complexity fed by a larger
degree or a higher level of specialisation, laldivision and cooperation. This process might be
the key to fostering transitions. The essence ofution is that its’ transitions result from self-
organisation based on evolutionary principles drad tegulation can only guide the evolutionary
mechanisms rather than control a transition.

Next, the concept of coevolution provides a prongsidirection for research on
transitions. In a strict sense, coevolution ocamh&n interactive populations evolve subject to
interactions taking the form of mutual selectiom.other words, two evolutionary processes are
interlinked or interdependent (van den Bergh arablS©2003). The resulting dynamics can be
complex (irregular or even seemingly chaotic) andpradictable (e.g., Noailly, 2003).
Coevolution should be clearly differentiated from-aynamics, which is, the interaction (e.qg.
negative and positive feedback) between subsystem$arger system (van den Bergh and Stagl,
2003; Winder et al., 2005).

Attempts to elaborate the notion of coevolutionaim environmental policy setting are
Rammel and van den Bergh (2003), Rammel et al. 420fhd Bleischwitz (2003). A
coevolutionary view is important for thinking abdransitions and governance for two important
reasons (Kemp et al., 2005). First, it accepts thathave cause-effect-cause loops across
different scales and systems, with effects becoroagses of other developments. For example,
people’s needs are partly endogenous to other adewents (e.g., in transport and
information/communication technology). This creaitesversibilities. Second, a coevolutionary
perspective sees developments in different submgstas partially independent (relative
autonomy). This means that transitions cannot beaged from the top. Transitions typically
evolve, with a limited role for comprehensive cohtFinally, group selection may be relevant to
the understanding of transitions, as it can expgoup specific norms and group formation and
conflict. According to group selection theory, s#ien is a multilevel process, occurring both
within and among groups. The outcome of this depesrdthe relative force of each selection
mechanism. If group selection effects are suffitjestrong, then groups are adaptive. This
theory is used to explain altruism, cooperatiorpligigoods and norms in groups of sizes beyond
which kin selection and (direct or indirect) recdpal selection can work. Although traditionally
strongly debated in biology, the possibility of gposelection is now supported by a range of
theoretical models (Bergstrom, 2002). The empiriedévance of the theory differs amongst
species, while its relevance for humans has receetin convincingly argued for (Wilson, 2002).
A distinction can be made between genetic and @lligroup selection, representing different
transmission mechanisms that are operative, andhwive distinct features and speeds (see a
special issue of thdournal of Economic Behavior & Organizatiol. 53(1), 2004). For
example, in cultural group selection, higher ingiiins such as religions and prolonged education
systems may influence the basic norms of indivisl@iabtably children). In addition, hon-random
assorting (joining or forming groups based on @mihdividual characteristics or convictions) is
more common in human social-economic systems. Gsag formation and stability are critical
issues when examining group selection. They mayigeouseful policy linkages when applying
the theory, in the context of transitions, to caagien, group competition and stakeholder
groups.

Institutional economics

Institutional economics is concerned with the idemstion of the various institutional
mechanisms that coordinate economic activity, Wgtting into grips’ with the circumstances
under which these various mechanisms emerge, attd thé logic inherent in the different
coordination mechanisms (Hollingsworth and Boy®&97). Institutional economics developed as
a separate branch of economic theory. Within ictoemmon distinction is made between old



(Veblen, Mitchell, Commons) and new streams (Myrddbrth, Olson, Williamson) (see
Hodgson, 1988).

Mainstream economics has generally regarded utistis as constraints that can be
altered by purposeful policy and regulation. Inesthvords, institutional change is commonly
framed as a control problem rather than an endagepbenomenon. An exception to this general
rule is found in the Coase theorem which states ithaéhe presence of negative externalities,
spontaneous negotiations among rational agent$eeahto socially optimal outcomes. Applied
institutional economic analysis has focused onlitheralization and the removal of imperfect
competition in markets (anti-cartel legislation).dddition, the creation of well-functioning new
markets has received some attention, most notablyhé context of environmental policy
(tradable permits) and semi-public goods (telecantians).

The two approaches in institutional economics diifieterms of their theories of change: for
‘new’ institutional economists, the pursuit of eoamc efficiency (through competition and
political struggle) causes institutions to changerth (1981, 1991) has interpreted long periods
of change in these terms. The other approach ‘6ld. institutional economists) is less economic
in its identification of mechanisms. It emphasizes historical nature of change, the role of
contingency and the non-universalistic element iaroachange. Besides markets the following
modes of governance (forms of interaction and maishas for compliance) are distinguished:
communities, networks, associations, private hatrias and the state. The modes differ in terms
of organizational structure, rules of exchange 4gmdlividual and collective) means of
compliance. Networks are based more on personatiorships and trust built outside of the
economic arena. Private hierarchies and the staesw@muctures that are more hierarchical
structures, based on coercion and prescriptives riH®llingsworth and Boyer, 1997, p. 15-16).
Institutions shape but do not determine behavidlistorical change is both the result and
determinant of institutional change (duality olusture).

Institutional economics is concerned with trangactiosts and trust (social capital) which are
seen as important variables for explaining the bekween micromotives and macro-behaviour —
being an important transition topic. Institutioralalysis is applied to organizations, economic
sectors, values chains, and nations - all of whrehrelevant to transition research.

(Neo-)Austrian economics

The school of (Neo-) Austrian economics emphastbes roundabout, multi-stage nature of
production, temporal aspects of production, pradacprocesses as compositions of discrete
techniques, and market processes instead of equifib Both (Neo-)Austrian economics and
evolutionary economics support a type of Schumfmtertompetition of a different production
process: an old technique is threatened and slogglaced by a newer, more advanced, and
usually more roundabout technique (i.e. involvingrenindirect or intermediate production
connections). Such a multi-stage and multi-actiapproach clearly fits within the study of
transitions.

Faber and Proops (1990) propose a neo-Austrianoapprwith evolutionary elements, to
emphasize the role of time. They allow for irrevigitisy of changes in the sector structure of the
economy, for uncertainty and novelty, and for &datdgical sequence of production activities
(“roundaboutness”). The long-term relation betweewronment, technology and development is
characterized by the following three elements:

» The use of non-renewable natural resources iserséye in time, therefore a technology
based on its use must ultimately cease to be viable

* Inventions and subsequent innovations lead to raffteent use of currently used resources
and substitution by resources not used previously.

* Innovation requires a certain stock of capital goaith certain characteristics is built up.
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Faber and Proops construct a multi-sector modéi thié production side formulated in terms
of activity analysis, which allows for the study tife effect of invention and innovation in
moving from a situation with simple production aittes to more complex or roundabout
production activities. Roundabout activities useltiple technologies. For example, food
production has become more roundabout, moving fragmiculture with labour, through
agriculture with labour and capital, to a largedqwocessing industry with many intermediate
deliveries. This approach is extended with therneltdgy effects of resource scarcity as indicated
above. It can then simulate economic and envirotahéistory from a pre-industrial agricultural
society to an industrial society using fossil fualsd capital. It allows for a combination of
continuous changes in technological efficiency disgrete jumps in the number of sectors and
interdependencies among sectors. With its origmalti-stage perspective — an alternative to
neoclassical economics — on structural economiogdaneo-Austrian economics could provide
a useful contribution to transition research.

Some other methodological approaches, notably maormmic growth theory, will be
addressed in the next section.

3.2 Sub-disciplines

Business cycles and long waves

The phenomenon of long waves is relevant in théestrof transition research. Long waves can
be defined as cycles of prices, wages, outputspetiBc basic commodities (e.g. energy
resources, metals), foreign trade, interest rated,various other economic variables. The notion
of waves or cycles suggests an upward and downwaidg, rise and decline (boom and
depression).

Various types of cycles or waves have been idedtifcf. Freeman, 1996) including the
Kitchin cycle (40 months) related to keeping inweigs; the Juglar or business cycle (7-11 years)
related to adjustment of investment in fixed asse¢ponding with delays to price changes; the
Kuznets cycle (15-30 years) related to waves ofraign and weather (exogenous “luni-solar
tides’ affecting rainfall and, in turn, crop prodion); and, the Kondratieff cycle (40-60 years).
The Kondratiev growth cycle is perhaps the mosgradting from a transition point of view
because it is based on clusters of innovations.

Many different opinions have been expressed reggrtlie nature of long Kondratiev
waves as well as their causes (Freeman, 1996). diteegften regarded as being caused by major
shifts in technology, also known as the emergerice mew techno-economic paradigm, which
are followed by the diffusion of pervasive techmgids among many sectors. Good examples are
electricity and ICT. Freeman points out that theués of long waves is contentious even among
those who recognize fluctuations in economic vdeslover time. A deep methodological
problem arises from the combination of the comlegf long-term history and the difficulty of
empirically assessing the precise causality betfiediong-wave phenomena. Reconstruction of
historical data and statistical ‘de-trending’ (atietrics) magnify these problems. Nevertheless,
there is much to learn for transition researchers.

Freeman and Perez (1998) identify five techno-esvaadtransitions or Kondratieff
waves: (1) early mechanisation, (2) steam power gaitlvay, (3) electrical and heavy
engineering, (4) Fordist mass production, and (®rmation and communication technology.
For each of the paradigms they identified the neaimier branches and induced growth sectors,
the key factor industries offering abundant supalydecreasing prices, the sectors growing
quickly from a small basis, the limitations providey previous techno-economic paradigms, the
ways in which the new paradigm provides solutionscertain problems, and finally the
organization of firms and types of cooperation aapetition. Similar to Rostow, Freeman and
Perez speak of a “period of transition” to dendte teep structural change in the economy
requiring an equally profound transformation of thstitutional and social framework (Freeman
and Perez, 1988, p. 59).
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Development economics

Development economics is concerned with barriersatd conditions for transitions from
informal economies dominated by subsistence aguiiland local autarky to formal market
economies involving market exchange, internatidrzale and industrial activity. As a result, this
field has many insights to offer on transitions,iahhwould require a separate paper in itself to
summarize. An important model is the one alreadgwdised in the previous section by Rostow.
Two other important ideas from development econengice backward linkages (Hirschman,
1958) and cumulative causation (Myrdal, 1957), ¢epwhich are being revisited by innovation
economists in models of endogenous growth. Countriay get stuck in a low-growth
equilibrium due to specialization in low-productivitechniques and sectors that generate few
knowledge spillovers. Processes of catching up fmlichg behind have been studied by
Fagerberg (1994) and Fagerberg and Verspagen (20029dels of technological gaps where a
gap that is too large inhibits the process of dagchip. Dynamic processes associated with the
way in which an equilibrium gets established halso deen analyzed in expectation-based
models where the relative importance of the padttha expected future is shown to depend on
parameters like the discount rate and the speadjo$tment (Pardham, 1995).

The “history versus expectation” controversy i¢ nesolved (Krugman, 1991). It is
generally agreed that any type of coordinationhiigher growth is not an easy task. The role of
government is being reassessed within the fieldesElopment economics: government policy is
increasingly viewed as holding back developmertierathan promoting it, due to government
failures. The role of the government escaping dgweknt traps continues to be debated.
Whatever the government’s role is, it is not simple part because development involves
structural change and newly created capabilitias d@ine difficult to manage. The use of foreign
technology is not a real solution because of “texst and circumstantial sensitivity” of
technology (Pardham, 1995). One lesson taken freweldpment economics is that development
defies precise control. Another is that it is diffit to manage adjustment processes, the interplay
between macro-economic variables, and microeconomiocesses. From development
economics, transition research may borrow from thethod of comparative analysis (of
institutional arrangements such as good governaswed)models of low-equilibrium traps (see
Hayami, 1998).

There are several other relevant ideas within ld@wment economics. The Kuznets
curve, an inverted U-shaped relationship betweeon per capita (horizontal axis) and income
inequality (measured by, e.g., a Gini coefficigiaimalizes that agricultural economies have a
low level of income inequality, during early induatization income inequality increases, while
beyond a turning point inequality decreases (KugnE255). In an analogous manner, the notion
of an environmental Kuznets curve (environmentakpure versus income per capita) has been
examined, but has been shown to provide a lessrageresult (de Bruyn and Heintz, 1999).
Kuznets was also one of the first to suggest thatdurrent developing countries were very
different from what the western countries were befthe time of industrialization. In other
words, he stresses that the ‘linear model’ accgrdinwhich all countries go through the same
stages, is incorrect. Kuznets (1971) argued thabws conditions are needed for development.
Advancing technology is necessary but insufficidnstitutional and attitudinal adjustment —
which might be called ‘social innovation’ — are@l®quired. A number of changes characterize
the development process: increases in averagegpéiadncome, total factor productivity and
international trade and relations and, structuaidformation of the economy, as well as social
and ideological transformations.

There are many other concepts, proposals and moddkevelopment economics that are
potentially relevant to transition research: stuugt change models (e.g., Lewis’ 2-sector model
of food production and manufacturing), internatiete@pendence models (neocolonialism), false-
paradigm model (not accounting for unique culturdbal, caste and institutional circumstances),
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dualistic-development thesis (combination of modanu traditional approaches; of wealthy,
educated elites and masses of illiterate, poor Ipe@md of monetized markets and informal
barter trade), coordination failures (market fakrlack of complementary and intermediate
sectors, lack of specialized labour — e.g., O-tingory), differing initial conditions (physical
resources, human resources, climate, populatia), sieoclassical economics perspectives on
market liberalization and internationalization, lgses of a range of other factors (demography,
guality-quantity trade-off with regard to offspringiigration, foreign aid). See, for instance,
Todaro and Smith (2003) for an introduction to thearious ideas. It is therefore likely that most
of the ideas currently generated by transition agseers are reinventions of older ideas by
previous researchers of economic development.

Economic growth theory

Within neoclassical economics, the theory of ecanagnowth offers the most clear and strong
link with transitions. This theory includes aiedy of approaches. One can distinguish between
classical (Smith to Marx), Keynesian (Harrod-Domdeade), neoclassical (exogenous; Solow-
Swan), endogenous growth theory (Romer, Lucas),odmers (e.g., von Neumann). In addition,
it is possible to identify positive and normativesories (Tinbergen, Cass-Koopmans, Ramsey,
golden rules, turnpike), and multisectoral appreacfiJzawa). Policy relevant issues relate to
convergence of growth rates and levels among ciesntaivoidance or undoing of poverty traps.

Transitions are characterized by non-linear deyreknts. Transitions have periods when
development is slow and at other times, fast. hkotetical dynamic models of growth theory,
these features of a transition are recognized withaving to specify micro-processes. In fact,
‘transition’ is used sometimes to denote the stofta higher equilibrium growth path. In
normative growth theory, transitions are associat@t the ‘turnpike’ theorem. This theorem
states that it can be optimal from an intertempavalfare perspective to follow a (close to)
maximally rapid growth path to allow an economynove to a more satisfactory state quickly,
despite consumption being lower during the tramsithan at the beginning or end of the period
(Dorfman et al., 1958).

Stability is another aspect of growth theory. Treoclassical growth (Solow-Swan)
approach ignores macroeconomic stability as issumed that planned investment always equals
planned savings, and that the capital-output ratém change through investment. The
macroeconomic adjustment process that makes thésigromitted. The Harrod-Domar approach
has a fixed capital/output ratio and generally qoadity of savings and investment, and results in
unstable steady-state growth. Essential for groeuid development in the Harrod-Domar
framework, is the proportion of income saved (ramsumed), which will steer capital investment
- the engine of growth.

A central concept in neoclassical growth theoryc@vergence. The Solow model
(Solow, 1956) has provided the basis for examimiagvergence. Absolute convergence means
that different countries with the same populatioongh rate, the same savings propensity, access
to the same technology but different capital-latagios, will converge to the same growth rate,
steady-state capital-labour ratio, output per egpiind consumption per capita. Conditional
convergence means that countries which differ winggs propensities and capital-labour ratio,
will converge to the same growth rate but not nemely to the same capital-labour ratio and
output per capita. The lack of convergence has b&plained theoretically by invoking notions
of technological and population induced povertysréa vicious circle of low savings and few
investment opportunities). In this sense the (Madiain) demographic transition is also relevant:
as income per capita rises, the population groaith nises.

Exogenous growth theory does not explain empifigetis of growth well. In particular,
about half of historical growth could not be attiid to investments in production factors. This
so-called ‘Solow residual’ was one reason to dgveledogenous growth theory (Barro and Sala-
i-Martin, 1995; Aghion and Howitt, 1998). An esdahissumption here is that private and public
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investments are associated with positive exteraali(spill-overs) that undo tendencies of
diminishing marginal returns on capital investme@obmplementary investments in human
capital (knowledge, innovation) and an optimal ¢&-adf between human and physical capital
investments are critical for this area of research.

Finally, two-sector models (with consumption andpital production sectors and
intermediate deliveries) have received little an@d hoc attention. This is unfortunate, as they
seem to be crucially related to transitions, intipalar to understand structural changes in sector
composition and interrelations. Endogenous growtboty has generated some two-sector
models, but these are only meant to address tliaigtion and costs of innovations in a separate
‘knowledge sector’. An original model is one in whithe neoclassical rational agents and
equilibrium are combined with vertical innovatiomr @Schumpeterian) creative destruction
(Aghion and Howitt, 1992). All in all, the result$é the enormous body of growth theory are a bit
disappointing where transition research is conaerne

Economic history

We indicated in Section 1 that transition reseasciuld benefit from the study of historical
transitions. This immediately supports the potdigtiaseful role that economic history can play.
In this field, all types of variables are interwavénto narratives (traditional approach) or
combined in formal models (cliometricdEconomic history is much more data-driven than
theory-driven. Theory is nevertheless implicit e tchoice of explanatory variables and in the
importance attached to certain variables and evéh&yr (1990) has identified a long list of
factors that he regards as crucial for successftlinological innovations in economic history.
Table 1 present a selection of the most importaespwhich van den Heuvel and van den Bergh
(2005) have divided into basic and side conditigkithough such a classification is helpful, it
should be realized that the factors are not ahirrgspendent. Factors may be strongly dependent
on others in a certain region and during a spedtifite period. In any case, transition studies
might systematically examine the state and rolin@$e various factors.

Table 1. Fundamental innovation factors

Basic conditions Side conditions

Level of nutrition Geographical environment

Life expectancy Demographic factors

Norms and values Institutions, property rights] eggulation
Openness to information Resistance to innovationgervatism)
Willingness to bear risks Science and technology

Religion

War

Note: Factors based on Mokyr (1990); own classificatiotwo types.
Source:van den Heuvel and van den Bergh (2005).

Cliometrics, with its focus on quantitative an#dys might also be useful for
understanding transitions. This type of study Ines the application of economic theory and
econometric-statistical techniques to understargiilegities of economic history. Both Greif
(1997) and North (1997) emphasize that this haamdges over narratives, even though a main
limitation of the approach in the past has beenaated with a strong reliance on foundations in
neoclassical economics. North, however, is optimigbout using cliometrics to include such
aspects as bounded rationality, transactions ergtschanging preferences. In addition, a main
problem to be resolved is associated with the tigkdf independent but often abundant data on
economic, demographic, educational, institutiomal gechnological variables. There is much to
learn from past cliometric research, as major ttems have already received ample attention.
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A famous example of this research includes Fod@B$4) study of the transition from
horse wagon to rail in the U.S.A.. Fogel argued the. common belief that railroads played an
important role in overall American economic devetemt at the end of the T@entury is
overestimated. He suggested that the innovatigheofailroad delayed the emergence of modern
cars and trucks with combustion engines, for dexddeaddition Fogel adopts a type of spatial
economic perspective in assessing the impact ferdiit (hypothetical) transport technologies
based on spatial economic patterns.

An institutional-historical approach towards trdingas is promoted by North (1981) in
the analysis of the transition from primitive agitare to modern intensive agriculture. North
regards the move from common property (or bettpencaccess) to exclusive property rights as
the critical factor in the first economic revolutiobecause it allowed cumulative technological
improvements that set the stage for a lasting gesfdiigh growth. Institutions may be composed
of both formal (laws) and informal (social normsjes of the game within a society (North,
1991). Modern economies require property rights,d aeffective, impersonal contract
enforcement. Societies are less likely to develod #ourish when constraining formal or
informal institutions limit the range of economionsbinations possible. Unlike Rostow, North
did not develop an economic model of a transitionn tocused on the role of political and
economic institutions in reducing uncertainty arghsaction costs in order to realize potential
gains from exchange.

Another interesting historical study is provided\Wilkinson (1973), who developed an
ecological explanation which linked the IndustRadvolution to natural resource factors (see also
Common 1988). It recognizes a number of humanegfies that respond to resource scarcity,
such as new techniques, new resources, new goodisnigration. According to Wilkinson, the
use of coal was stimulated by high prices of wdollipwing the significant loss of forest cover in
England. In the early phase, coal was mined gpsstat the surface. Later deep mines were
explored. This in turn created an ‘important’ peshbt the need to pump away groundwater,
which gave rise to the first large scale, applarabf the steam engine. Widespread use of it gave
rise to various refinements of the steam enginerrative models and as such, new types of
applications. In a next phase, spin-offs to otleetars occurred, especially to the textile industry
and to transport’s ships and trains powered bynstie@omotives. Wilkinson’s work helped to
reconfirm the importance of resource scarcity faman development and advanced a cause-
effect view which is very relevant to transitioropesses. The earlier model by Faber and Proops
(in the previous section) can be regarded as aecfodnalization of Wilkinson’s conceptual
model.

Economic studies of transition economies

Since the 1990s much attention has been givenddr#msition from communism to market-
democracy systems. This research was motivatedifiyainental changes in the former USSR
and east-European countries which have been tgkawg since the second half of the 1980s.
Studies give specific attention to emerging marketsnpetition), institutions (property rights),
transformation of public to private production, eolof trust and independent media,
entrepreneurship and investment, trade and foieigrivement. Economics of transition is how a
well-developed field. In this field, there is unarmius agreement that institutions matter and that
each country’s evolution is unique.

There has been a fundamental debate between bggarahgradualist advocates, even
though the knowledge basis is very thin. Economisésve certainly underestimated the
coordination problems of moving toward market-basgstems (Gros and Steinherr, 2004). All
European transition economies experienced a falltput, for much longer times and more deep
than originally anticipated. It required new modéds explain this, with positive non-linear
feedback (e.g., Rosser and Rosser, 2004). Counlra@smplemented reforms early on into the
process usually were ahead of the others (GroSgeidherr, 2004, p. 110). Reforms consisted of
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price liberalization, privatization of propertybéralization of trade through removal of tariff and
non-tariff restrictions, currency reforms, and neaeconomic stabilization policies (to reduce
inflation). Command-economy characteristics didwéeer, not disappear immediately or
completely (path-dependency).

Within this genre of literature ‘transition curvese being estimated (Philips and Sul,
2005). Political economy aspects are investigatezkplain differences in economic performance
among transition economies in relation to the sega®f reforms (Roland, 2002; Kornai, 2005).
The transition experience very much reinforceditiséitutional perspective in economics. It also
stimulated people “to think about institutions nota static way but in a dynamic way: how
momentum for reform is created and how institutioas evolve, but also how momentum can be
lost and how one can get stuck in inefficient tuitbns” (Roland, 2002, p. 47). The mainstream
economics influence here is that governments shmgidimprove the conditions under which
decentralized decisions are made, i.e., let mafketghe route towards the future (Hayek, 1978).
All'in all, much can be learned from this field foansition research.

Economics of technology

It is evident that the economics of innovation #&chnology address a number of issues that are
relevant to transition research. This field is camed with incentives and institutional
mechanisms of knowledge creation and spilloverBuBpeter is considered to be the founder of
this field, at least where the definition of theuss is concerned. Ever since Schmookler (1966)
innovation is seen as being responsive to econstimuili with search processes being informed
by engineering ideas that indicate what is wortthevfinotional opportunities’). Later research on
technological regimes found that innovation is fdty responsive to economic stimuli and
occurs within certain patterns and constraints {D@988; Malerba and Orsenigo, 1997).
Innovation is found to be different across sectord to be surprisingly similar across countries.
This has to do with technological opportunities,pm@priability conditions, degrees of
cumulativeness of knowledge, and the nature of kedge (generic versus specific, tacit versus
codified, complex versus simple), as shown by Mzend Orsenigo (1997).

Innovation is a very broad term, comprised of tetbgical innovations, product
innovations, and changes in markets, organisatmyistics and finance. Freeman and Perez
(1988) make a distinction between incremental imtions, radical innovations, changes of
technology system and pervasive changes in a ratieahnological basis (changes in techno-
economic paradigm). Rosenberg talks about minor argor innovations where major
innovations are those that provide a frameworlaftarge number of subsequent innovations. For
transition research, an important distinction iswleen sustaining innovations and disrupting
innovations (Christensen, 1997). Disrupting inn@mrs are those innovations that render
obsolete existing structures and systems (e.gnalites and minicomputers). These innovations
often come from outsiders who are serving non-ntiaam customers. Disruptive products tend
to under-perform in mainstream markets but haveacerfeatures that are highly valued by
specific customers (i.e., military and other idiossatic costumers for who performance is more
important than price). As a product improves, ightithen break out of its original, small niche
and replace the dominant product, as happeneceicabe of gas turbines and more recently in
the case of digital cameras.

A transition model of technology evolution is tlife¢ycle model of Abernathy and Utterback
(1978). The transition is the shift of product imation, to process and unit production, to mass
production, following the establishment of a domindesign. This model applies to high-volume
products and does not apply to all goods. In sesvitiere may be a reverse lifecycle (Barras,
1986), with product innovation succeeding procassvations (automation). The lifecycle model
has been extended into an evolutionary model dhtian, selection and retention by Tushman
and Rosenkopf (1992). They distinguish two phasesera of ferment (a time of competing
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designs and organizations around them), and aof é@maremental change. During all stages there
is variation, selection and retention.

The economics of innovation is a broad field dragvon information and behavioural
economics (learning, bounded rationality), orgatidreal theories and system theory. Attention is
given to wider issues besides the economic stirthdt, are shaping technical change. The notion
of a national system of innovation model is an fto understand the whole of factors shaping
processes of knowledge creation and disseminaBpecial attention is paid to institutions of
science and education, to firm capabilities andctdtural issues. Companies are seen as
embedded in innovation systems (or regimes) thateguwaid and constrain the innovation. The
task for policy is not so much to create more cditipa but to set in motion processes of
cumulative causation (Jacobsson and Bergek, 200d).do so, policy should strengthen
inducement mechanisms and deal with blocking mashen Many blocking mechanisms exist.
Attention is given to the dominance of existing teyss that have benefited from learning
processes and processes of adjustment and inteyr@ireeman and Perez, 1988, Kemp and
Soete, 1992, Freeman and Louca, 2001).

A formal analysis of technological succession ming offered by Windrum and
Birchenhall (2005). Increasing returns to scalefaved to play an important role in successions,
fitting in with empirical findings (for example dflepper, 1996) that high start up costs are an
important factor deterring new market entrants. ukcession, a specific kind of transition, is
found to be more than the displacement of old teldgy products by new technology products.
It also involves the displacement of existing coso classes and preferences, the displacement
of established market firms and established strastaf production.

Environmental, resource and ecological economics

A transition to sustainable development cannot pegthout good environmental regulation and
resource management. The field of economics dealitigthis is environmental (and resource)
economics. Environmental economics addresses theostc analysis of the causes and the
nature of environmental problems and their solidrhis includes issues relating to markets as
well as to public policy. Environmental economicvers resource economics. The combination
makes sense, since many resource issues are teliriiaked to environmental issues. This is
perhaps most noticeable in the case of fossil grmegpurces, the use of which contributes to the
enhanced greenhouse effect. The notion of sustairtldvelopment, which has become one of
the pillars of modern environmental economics, susp the linkage of resource and
environmental problems. Closely related to envirental economics is ecological economics. It
can be regarded as a social-science oriented wesbienvironmental science. It has perhaps been
most successful in promoting multidisciplinary r@s# in which natural scientists (notably
ecologists) and social scientists (notably econtghjein forces.

The economic theory of environmental policy stdirten the concept of “externalities”
(see also the item “public economics”). Environnaérégconomics is particularly interested in
negative environmental externalities, i.e. negaphgsical effects of environmental pollution,
resource use, or other types of environmental idiance, such as fragmentation due to road
infrastructure in nature areas, by one agent tahano Externalities have been analytically
examined and discussed with the help of partial gederal equilibrium theories, which is
consistent with neoclassical assumptions regardimjvidual behaviour and operation of
markets.

Instruments of environmental policy are traditidyp&valuated in economics on the basis
of their efficiency features. Effectiveness andiribsition effects (equity, fairness) function as
secondary evaluation criteria. The most commonhgtypal) comparison is between uniform
standards and taxes of pollution control. Taxesat@ctive as they provide better incentives
than standards to change individuals’ behavioud, thns realize more efficient outcomes: either
social welfare is higher or costs of realizing tixeargets are lower. This is accomplished by
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equalising marginal costs of pollution abatemergsuming that individual polluters are
minimizing costs. Standards are especially attractrom the perspective of effectiveness (or
uncertainty). A combined instrument is a systemraflable permits. This has two features - a
ceiling is set on all pollution emissions of a pafar type by granting a finite amount of
emission permits and, permits are tradable. Tlsé filature assures effectiveness, and the second
efficiency. Taxes and tradable permits are dynaltyieficient, as they provide a permanent
incentive for cost-savings through innovations.

Environmental economists support transition resednc studying the irreversibility of
changes resulting from policy and/or a lack of @pli This has been addressed with option value
theory (Arrow and Fisher, 1974). Decisions madepiivate markets do not lead to socially
desirable use, allocation, transformation and amasien of nature and (scarce) land. This
literature suggests that under certain conditiore/ersible developments should be avoided or
postponed until better information can be obtaingde Gollier et al. (2000) for linking this
literature to the precautionary principle, and Ruid(2000) for examining the notion of optimal
timing for implementation of environmental policy.

An important and somewhat related idea, receivingchm attention in ecological
economics, is ‘resilience’, an extended stabitibncept. It has two definitions: (i) the time
necessary for a disturbed system to return toritggnal state (Pimm, 1984); and (ii) the amount
of disturbance that a system can absorb beforemgaa another state (Holling, 1973, 1986).
Unlike most growth economists, whose models provideupper bound on economic growth,
physical scientists and ecologists are accustomettiet idea of limits. Ecologists are far less
optimistic about substitution possibilities (of marade capital for natural capital) than
neoclassical economists, which is evident in thdliktpview of sustainability which is really
about maintaining ecosystem resilience. Diversitiyriportant for resilience and for evolution.

Some authors have tried to find analogies of el in socio-economic systems. Static
efficiency achieved through standardisation or ttigbntrol may reduce resilience (adaptivity)
through reduced diversity. (see Levin et al. 19@nderson and Holling, 2002). Policy
implications are very different from those of stardd economics: diversity is to be positively
valued, one should be careful not to overexploiy ane should not exceed critical thresholds
leading the system into collapse. This providesidgke to evolutionary approaches which might
shed light on the particular micro-level mechanisimgolved in bifurcation and resilience
(Rammel and van den Bergh, 2003).

Other ideas in ecological economics with relevacgansition research are coevolution
and endogenous preferences, both having close ctiome to evolutionary thinking. Norgaard
(1984) was the first to consider the applicatiortted concept of coevolution to the interaction
between economic and natural systems. His maistidition is the coevolution of pests, pesticide
and environmental policy in the U.S.A. (e.g., Nagh 1994). Nevertheless, his ideas have been
criticized for not indicating a sharp distinctiopttvyeen the interaction among subsystems (“co-
dynamics”) and strict coevolution as interactingoplations with internal diversity causing
mutual selection pressure (Winder et al., 2005).

The idea that preferences are endogenous instaéadanfant has led Norton et al. (1998)
to argue that changing consumer preferences carnnband of itself, an instrument of
environmental policy. In particular they state thible preferences are at best realistic ovet shor
periods of time, and that sovereign preferences imgensistent with long term goals of
sustainability. Consequently, public discussion wbethical consumption and sustainability
should be stimulated via education, advertisinggutultural norms, etc. Changing consumers’
preferences through democratic processes coulddx to encourage environmentally conscious
consumption in a way that consumers would not feeldeprived and unhappy ...” but “...
enlightened and happy after being educated intgaye ..."(Norton et al., 1998, p203). Most
democratically elected governments have alreadydtated public policies aimed at influencing
norms which are regarded as criminal, racist oemtise undemocratic, so why not extend this
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practice towards environmental sustainability? Andad side perspective is a useful addition to
the dominance of innovation and R&D supply-sideented policies, necessary to realize
complex transitions.

Industrial economics

It is important to understand the behaviour of frrtheir responses to incentives and regulation,
and the interaction between firms in markets whging to stimulate transition processes.
Industrial economics offers relevant insights, gean extension of the theory of the firm to
address a number of firm-internal and firm-exterisates in a theoretical manner (e.g., Martin,
2001). This includes attention to market type (npmig, oligopoly, etc.), vertical integration,
price strategies (multi-product pricing, intertemgdo price discrimination), product
differentiation, price-quality trade-off and advsirtg, strategic behaviour and interaction
between firms, the role of capacity constraints andestment strategies, rent seeking,
complementary and networks, and asymmetric infdonataffecting management and
competition. For transition research especiallyglaerm issues like long-run, sunk and
transactions costs, long (vs short) run price cdiiipe, barriers to entry and entry deterrence,
exit, market contestability (threat of competitifam incumbent firms by potential entrants), and
R&D strategies are relevant when conducting traorst research. The policy angle within
industrial economics focuses on antitrust legistatand other regulation to overcome various
market failures related to imperfect markets (nigtabollusion), incomplete and asymmetric
information, standards and lock-in, and innovatmtternalities (patents, subsidies). A more
empirical and statistical branch addresses the deapby of industries (Carroll and Hannan,
2000).

Path-dependence and lock-in

A specific concept on the boundary of economicgeshnology, evolutionary economics and

industrial economics, is path-dependence. This@onis highly relevant for transition research,

as one can regard the essence of the transitidrgpndo be the un-locking of a locked-in socio-

economic-technological-institutional system. Patipehdence is intricately linked to lock-in.

Moreover, lock-in has been one reason, additionalteady recognized ‘market failures’, for

believing that markets do not generally lead toci@ty) efficient, or otherwise desirable,

outcomes. Whilst markets encourage efficiency wdpction, the long-term outcomes may not

be the most efficient when demand and supply aaeacterised by increasing returns. Regulation

of environmental externalities may not have theerided effect of moving to an alternative

technology or product associated with less enviemtal pressure. A technology that has

achieved an early advantage may dominate or capterenarket due to increasing returns to

scale, according to a kind of self-reinforcemertcpss, i.e., a larger market or market share

stimulates relatively high growth. Increasing ratuto scale take a number of forms:

» (Traditional) scale economies: cost and price gemas the scale of production increases.

* Learning by using or doing: improvement, lower sogproducer), better performance
(consumer).

* Imitation or bandwagon effect: rather than innoyvatempanies may imitate the most
successful product, and the popularity of a cegaiod may propagate (as with fads).

» Agglomeration effects: spatial spillovers, easy pamication and short transport distances
that give rise to positive externalities.

» Network externalities: being connected to a langetwork (e.g. via phone) often has an
advantage.

* Financial power: the more a product or technolawdopted, the more resources will be
available for its development and perfection, whichturn, will make it relatively attractive
for potential adopters.
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* Informational increasing returns: if a product dopted more, and therefore becomes better
known, then risk-averse individuals will more ega&ie convinced to buy it.

» Technological inter-relatedness or complementaitjrastructure and sub-technologies are
often complementary (gasoline, refineries, fillstgtions, car technology). This relates to the
importance of coevolution of complementary factoflnowledge, technology and
institutions).

* New knowledge is shared by firms: firms increasevkedge due to learning-by-doing and
innovation, which can be shared with other firmgha same sector with similar problems.
This leads to dynamic increasing returns at thelleindustries.

» The political power of vested interests, operatamgpng others, through lobbying in politics.

Due to these mechanisms, formally studied by Ar{th@88, 1990), a technology with a large
market share, due to an early start, has an adyamad as such can grow relatively quickly
(attain an even larger market share), even withoytintrinsic (cost or net welfare) advantages.
An important consequence of increasing returnedsthe (adoption) process towards the final or
equilibrium state of the system is path-dependemn{ergodic). Path-dependence can be
interpreted as temporally remote events havingyaifsiant or dominant impact on the present:
the logic of the world can be understood only bgawering how it got this way (David, 1985).
Path-dependence thus implies irreversibility. thdd be noted, however, that path-dependence is
not the consequence of purely random factors, dmulis from interaction between random and
systematic or deterministic, notably selection,tdexz Contingency interacts with historical
selection forces, with the latter probably beingenionportant. In the words of historian Landes:
“big processes call for big causes”. This fits witle transition perspective of Rotmans and others
who assert that mutually sustaining developmentglitierent levels (niches, regimes and
landscape) are necessary for a transition to occur.

Path-dependence can result in lock-in. Lock-in ogavhen a dynamic pattern of competing
technologies ends up in a situation with one teldgyodominating the market. Heterogeneity of
user needs and other types of heterogeneity (asupply side or otherwise) usually mitigate
against this but, in the case of large increasatgrns, as with network technologies, there is a
danger of becoming locked into particular solutiodssituation of lock-in can persist for a very
long time, as happened with the QWERTY typewri@ayid, 1985) and the light-water nuclear
reactor for electricity production (Cowan, 1990).chn be argued that the use of fossil fuels
constitutes an example of lock-in. The latter isvant to the transition to a sustainable economy
and energy system.

Apart from the economic sources of lock-in we hawmstitutional and cultural path-
dependency, meaning that institutions or cultuadits are fixed and cannot be changed easily
(Unruh, 2000, 2002; Kemp, 1994). Any transitionuiegs new institutions and new forms of
alignment, which take time and effort. They are cantitrolled from a central point but the result
of distributed agency and entrepreneurship. Ing$tablishment of a new path, a multitude of
actors becomes involved with a technology and geesiinputs that result in a transformation of
an emerging technological path (Garud and Karnd@93® In the early period when the
technology is in a flux, social, organizational apdlitical factors are important shapers of
technical change, later on ‘technology’ becomes eterthining factor, with technological
imperatives setting the conditions for competitiffushman and Rosenkopf, 1992; Molina,
1999). In conclusion, it can be said that any nath greates new path-dependences.

Public economics

Public economics is the sub-discipline within eaoigs that provides the most general
perspective on public policy, in terms of the cdiotis under which public intervention is
required as well as the form policy should takest{tational arrangement, policy instrument

20



type). Likewise, public economics can shed lightaentain aspects of transition management,
notably where these relate to solving public gomadd externality type of problems. Pure public
goods are characterized by non-rivalry and nontebadbility in use. However, many mixed type

of private-public goods are found, namely wheralrivis not perfect due to congestion beyond a
certain threshold, or where property rights takéedint forms (common, state, clubs). To make
things more complicated, both rivalry and exclutigbmay sometimes change due to technical
progress (e.g., technical exclusion or inclusiog,, @llowing the whole world to see a particular
football match).

A number of public goods are relevant in the ceintdé transitions. One is knowledge,
which is a quasi-public good. It is non-rivalryuse but people can be excluded from it, through
secrecy and patents. Much public investment in kedge is undertaken most notably through
universities and related institutes. Certain gooetguire physical infrastructure for their use.
Historically government plays an important roletlie provision of such infrastructure but it can
also be provided through private capital if thetsad using it can be charged to the users (e.qg.,
toll roads). Public-private-partnerships offer achmnism to transfer the risk and debt associated
with these new capital projects to the private @eat return for a long-term service contract.
Property rights typically remain with government.

Externalities are unintended and unpriced (outsithrkets) effects exerted by one
economic agent onto another, affecting his/hentytibr profit. Externalities come in both
negative (e.g., environmental pollution) and pesitiorms (R&D or knowledge benefits). The
fact that individuals make decisions without concfar externalities — by definition — means an
outcome that is not consistent with the highestimdble level of social welfare. Regulation is
therefore required. Negative externalities nedoketsuppressed (optimally with good taxes, levies
or tradable permits) while positive externalitie®d to be responded to with subsidies or patents.

Next to policy, self-regulation or evolution of $amicnorms of common-pool resources
can be an effective mechanism (Ostrom, 1990). ¢&msoccur through local interactions among
users that involve monitoring and (altruistic) mimhent. Externally or hierarchically imposed
regulation can destabilize co-operation, notablyemhassociated hierarchical monitoring is
imperfect. Stimulating norms through communicatmay then be more desirable. Instability in
the evolutionary equilibrium can also arise whernaie parameter or external changes occur.
Examples are: sanctions decline, harvesting becamme efficient (technical progress), the
resource price alters, resource users migraterrefteconomic and political events, and natural
disasters influence the resource quality and psases

Finally, public choice theory clarifies how publdecision making and policies are
influenced by special interests through lobbying aegotiation. In addition, it recognizes that a
government is not a homogeneous group or analdgoasingle decision making individual, but
is composed of various individuals or groups (cisdrvants and politicians) with possibly
conflicting interests and goals (Dietz and Volledier1999). This is of relevance to transition
research, where it is often stressed that impolianiers to transitions are created by power and
vested interests of specific stakeholder groups.

Spatial economics

Transitions involve heterogeneous spatial processesvell as complex spatial interactions.
Spatial issues are studied within spatial economitsch is an amalgam of regional, urban and
transport economics. Spatial economics cover isshas use the approach of neoclassical
economics and approaches common to the study dinadmgical innovation and spatial
diffusion, to understand spatial economic regu&sit Important insights of this field for
transition research relate to the location of imdeis, urban and regional markets, spatial
externalities (both negative and positive - innaatand agglomeration related), spatial patterns
of diffusion, regional diversity, regional isolatio regional (open system) dynamics, and
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economic effects of infrastructure. Recent develapinin new economic geography furthermore
link up with international economics (Krugman, 1991

One only needs to refer to the problems associatigid non-point source (diffuse)
pollution problems, land use and biodiversity lagsecific urban environmental problems (noise,
health problems, congestion), and the impact d@fhgent environmental regulation on location
choice, trade and transport (Siebert, 1985; vanREngh, 1999, part V), to understand that the
interaction between environmental policy and spatanomic analysis is relevant.

The interaction between technological innovatitmdies and spatial economic analysis
has focused on regional development, spatial ddfusf innovations, and diversity and isolation
of regional initiatives (Malecki, 1997; Acs, 200B)sights about the functioning and boundaries
of urban and regional markets — for products, sessi housing, labour, and transport — may
moreover be useful when searching for niches amersi industrial trajectories. Agglomeration
effects may be important as well, similar to thderplayed by positive externalities in
endogenous growth theory. Fostering agglomerati@an®s stimulating shared inputs (labour
pool, knowledge) at relatively low costs. In adafiti public infrastructure and capital may be
crucial (i.e., roads, public transport, parkingiliies, communication systems, and attractive
nearby living conditions). An important question thviregard to public investment in
infrastructure is whether it stimulates new develept and innovations or just leads to relocation
of existing activities (Eberts and McMillen, 1999).

From a policy perspective, a number of issues alevant. Diffuse pollution might
require input regulation rather than direct potiatregulation. The Tiebout hypothesis is relevant
(Tiebout, 1956) with respect to local public goodehis hypothesis points out a mechanism of
self-organization at a higher spatial level by ssjimg that local public goods may differ and in
turn cause migration (‘voting with the feet’). Inephenting land use taxes will affect the cost of
using land, which in turn will influence locatiohaices by firms and households. Henry George
suggested already in the 19th century to tax th&arevalue of land. This will generate revenue
that benefits the community instead of the indialdprivate landowner. Very often the price of
land is high simply because of positive exterraditigenerated in the surrounding area by
attractive places and services (Cohen and CoughB005). Likely consequences of a single
(Georgian) or two-rate land tax are an improvedityuaf land and buildings, shorter transport
distances, and less urban pollution. Such landstaes possibly contribute to a transition to
sustainability.

4. A summary of contributions from economics

Given the broad scope of this article it is impbksito provide a complete overview.
Nevertheless, it is worthwhile to try to identifiiet most exciting theories and concepts that
economics has to offer for transition research & 2outlines the results of our efforts. Its point
of entry indicates the type of problems that ordglly experiences while studying transitions,
whether reflecting into the past (history) or vibp#he way ahead (future). The table summarizes
the main approaches and concepts by identifyingtaof core transition challenges in the first
column, and then relating these to economic appemdelevant concepts of these approaches
are listed and where necessary, comments are pobval indicate if there is a requirement to
elaborate further on the approach or concept(sthay relate to the respective transition
challenge. The table is not perfect as it assundscamposition of transition challenges, which
in reality are often connected and interactive. iirty, sub-disciplines of economics are not
entirely independent, but overlap in terms of peofd studied, concepts used and solutions
offered. That said, the table serves a useful foncby providing guidelines for the reader
interested in transitions research and the sclufasonomics that seek solutions to the problems
specific to transitions.
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Table 2. An overview of economic theories and qoisaelevant to transition research

Transition challenge Useful economic approaches e\R@lt concepts Need for
elaboration
Barriers Grand development theories, EconomiResilience, lock-in, learning by +
history, Evolutionary economics, using or doing, imitation, network
Ecological Economics externalities, technological inter-
relatedness (complements), vested
interest (rent-seeking)
Supply side Economics of technology, Industrial Market failures, scale economies, 0
economics, Grand development theori@movation strategies, cooperation,
networks, complementary
products, vertical integration, rent
seeking, demography of industries
Transition dynamics Long waves, Economic history, Increasing returns, life cycle, ++
Macroeconomics, Growth theory, neo-competition, multi-stages, shocks,
Austrian economics, Development disasters (natural, economic, war)
economics, Economics of disasters
Innovation tempo Economics of technology, Evoludion Patents, subsidies, market niches, +
economics, Economics of information experiments, diffusion, adoption,
innovation systems
Demand side Marketing, Behavioural economics Halmt&ation, lexicographic ++
preferences
Externalities Public economics, Environmental Public goods, club goods, 0
economics regulatory instruments, efficiency
Diversity Evolutionary economics, Economics oShort term efficiency, long term +++
technology, Economics of information innovation, increasing returns,
adaptation, flexibility, real options
Spatial organization Regional and urban economics ocation, Tiebout hypothesis, ++
agglomeration effects, transport,
infrastructure, regional diversity,
spatial isolation, trade
Institutional conditions  Institutional economicsytfic (Intellectual) property rights, ++
economics, Economics of transition  education, science, legislation,
economies markets, culture and behaviour
(norms and values, risk attitude,
conservatism, religion), regulation
Knowledge Economics of information, Asymmetric information, learning, +
(Endogenous) Growth theory search, uncertainty, expectation,
positive externalities, network
formation, informational
increasing returns
Role of private firms Industrial economics, econcsmf Competition, market failures, 0
information investment conditions, uncertainty
Role of government(s) Public economics, Environmaknt Government failures, market (self- ++
economics organization), public investment
(infrastructure, R&D), removing
uncertainty (insurance), conflict
resolution
Demography Population economics Education, labouwef +

productivity, risk attitude
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5. Evaluating mainstream economics from a transition resear ch per spective

So far we have looked rather constructively at ttieories, concepts and insights economics
broadly offers a potential contribution transitimsearch. It should be acknowledged, however,
that some authors have emphasized that the dongiredmoainstream or neoclassical economics
provides a barrier to understanding and perhaps fstering urgently required transitions, and
that it conflicts with the ‘transition (managemep@radigm’ (Rotmans, 2003). A problem in
assessing the value of the latter statement isttist'paradigm’ has not yet crystallised out
(RMNO, 2003). Indeed, it is still characterisedéyliversity of opinions and a loose set of ideas
without firm and consistent theory and associatedn&l models. In fact, this incomplete
development of transition theory underlines thdfuleess of examining what the contribution of
economics might be to understanding and managamgitions.

The question therefore is this: how well suitedé®classical economics for the study of
long term transitions. A quick judgement might hattneoclassical economics is too concerned
with economic variables, prices and income effeetsd is missing out on the cultural,
institutional and structural aspects of economiangfe. In defence of neoclassical economics,
apart from what was already noted in section 3d. can say that especially general equilibrium
models provide a complete structure of how priced quantities of all the goods are linked
together. A transition involves large changes, vatfects that permeate the economy (among
others) through price and cost structures. In thipect, the neoclassical economic approach
provides a firm tool for calculating the impacts stfuctural change. Economists prefer to
separate out only a few cultural and institutioagpbects but this does not mean that they are not
part of the equation: they are implicit in the dehand cost specifications. The economist’'s way
of viewing the world is in terms of markets (demaardl supply interaction) for labour, capital,
other input factors, and goods and services. Thiaseus kinds of markets interlock, which is
described in the most complete manner in genemdlilggum models. Markets solve complex
coordination problems of distributed knowledge Iynalling relative scarcity thereby guiding
the plans of economic actors at the supply and ddnsde. This is what economists are
preoccupied with. Neoclassical economics cannotigecthe complete picture of transitions. But
this is hardly a serious criticism. No single theoan cover the entire spectrum and complexity
of long term transitions. .

Nevertheless, one can wonder whether dominant appes in economics include the
right variables and processes, and employ the a@doehavioural assumptions, to study long-term
transitions. The relevant processes will differnfrcase to case, as is already clear from the
typology of transitions by Geels and Schot (20Egpnomic studies may especially be criticised
for giving little attention to changing institutisn which often will imply altering model
parameters or structure. In order to identify analgse the various transition processes as well as
incorporate institutional dimensions, collaboratibatween economists, sociologists, business
historians and other social scientists might béulse

In addition, non-linearities and discontinuitidaypa role in transitions. Examples are the
creation of new products and the emergence otutistns through agent interactions. Traditional
equilibrium models with representative agents tendnderestimate such interaction effects. In
this respect, agent-based models are more flexibte powerful. They allow for addressing
gradual changes in the degree of interaction (ordination) or gradual changes in behaviour,
which in turn can lead to discontinuous changess¢Bn 1999). Moreover, whereas the micro-
foundations in mainstream economics emphasise wpwamnsation, a more realistic approach
might be a combination of upward and downward démsgvan den Bergh and Gowdy, 2003).
The latter seems to be consistent with the mutllevansition framework. It provides an
opportunity to incorporate difficult issues relaito emergent phenomena, such as network and
group formation and, appearance of new norms.
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Coevolution theories appear useful when attemptinginderstand the complexity of
transitions. The transitions studies by Geels (260w that the relations between niches and
regimes can be complex: existing regimes can make miche developments difficult through
competition with the established regime; niche tigwment can, however, occur within a
dominant regime (e.g., gas turbines were used nvdhioal regime before they overtook it); and
niches outside a regime may benefit from certagine features (e.g., the use of roads by non-
motorized transport).
Finally, economics has been criticized to be fedusn efficiency or cost-effectiveness,
cost-benefit analysis, and optimality and smoothingfes, in contrast with transitions that involve
uncertainty and discrete jumps. This view, howewerersimplifies matters. Even though in
practice many people and firms focus on stratetjias reflect short term efficiency (e.g., more
attention for energy conservation than renewab&@rn, economic theory does not imply this.
Neoclassical economics does not exclude a searcdofations that satisfy long term efficiency
(e.g., possibly renewable energy). It is true, ppgh that efficiency is often approached in too
deterministic a manner, giving too little attentittnuncertainty and irreversibility. On the other
hand, advanced approaches to evaluation in ecospsuch as option value and real options
theories, do address uncertainty explicitly (Dadid Pindyck, 1994; Fisher, 2000).
Perhaps more important is that neoclassical ecmsoassumes rational agents that show
optimal behaviour. According to an evolutionary gperctive, dynamic efficiency through new
economic development may evolve from initially safitmal behaviour, namely from actors
doing something different. As Peter Allen has séid:an evolutionary landscape of hills and
valleys representing levels of functional efficigraf different possible organisms, it is the error-
maker who can move up a hill, eventually out-conmgea perfectly reproducing rival. And this
despite the fact that at each and every instawbiild be better not to make errors, since the
majority are loss-making” (Allen, 1988, p. 107).vBisity is to be positively valued. The
yardstick of (short-term) efficiency for policy & may not always be a good guide in an
evolutionary world. Short term efficiency and lotegm efficiency may conflict, and diversity is
in between. Neoclassical economics, however, doeattach value to diversity, but rather sees it
as a cost. Incorporating diversity and the relditeanes of path-dependency (seen as irreversible
change of diversity) and lock-in (seen as minimaeisity) into mainstream economics could
mean an important contribution to transition reskear
Finally, economics has stressed that there areaawarket failures which cause a deviation

between market outcomes and social welfare opflinase market failures include:

» Missing markets: no markets for all goods and sesui

» Imperfect competition on some markets.

» Economic activities generating externalities.

» The existence of public goods.

» Property rights being incompletely assigned.

» Transactions not occurring under perfect informatio

* Bounded rationality: cognitive limitations and rimgts preventing firms from maximising
profits and individuals from maximising their utli

* The presence of transaction costs.

These various market failures have clear respdngesms of governmental policy or regulation.
Economics offers concrete suggestions. In as farasitions are hampered by such failures,
economics can thus offer solutions. The most ingmiracking (system) failure seems to be path-
dependence and lock-in, but even in this case ec@it® have been able to convert it into the
neoclassical paradigm, namely as increasing returrssale, i.e., a kind of positive externality
(Gerlagh and Hofkes, 2002).
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6. Conclusions

The broad discipline of economics with its varisud-disciplines has much to offer for transition
research. We have provided a broad overview herthout trying to create any personal
selection bias, but instead allowing the readddéntify the concepts and theories of interest to
facilitate stream-lined access to the specific eouin literature that is relevant to certain aspects
of transitions research. A disadvantage of our@ggh is of course that it skims the literature,
and as a result is abstract and brief in its accofirconcepts and insights. This approach is
intentional. Only a book format might overcome tli®rtcoming.

It may come as a surprise to non-economists im¢blin transition research that
economists in the past have already generated mdaayg that relate to transitions. For example,
they have elaborated in great detail the notiommaotfti-stage development (notably Rostow),
which seems to be reiterated in recent multi-sthgeries. Economics can make many useful
contributions to the study of transition. Perhapes greatest contribution economics can make to
transition research concerns the role of markedslianitations of planning in transitions, and the
choice of instruments of environmental regulatiGior dealing with public ‘bads’, such as
pollution, economists favour market-based instrusesuch as pollution taxes and emission
trading systems. They help to deal with them ieeetitralized manner by not prescribing choice,
which helps to achieve total reductions in pollatio a low-cost manner. Institutional economics
can help make visible undesirable incentive stmest@nd propose alternatives. Spatial (regional,
urban and transport) economics provides many itsigbout the geographical and multilevel
nature of economic activities and mechanisms. Rmpendency may be analysed through
evolutionary-economic models that allow for the emrstianding of the processes of lock-in at the
micro-level. In addition, economic models mightddeborated to address multi-level aspects of
transitions, including processes at the level ohes, regimes and landscapes. Diversity might be
given a place in economic analyses to move fronrtstesm to long term efficiency, thus
allowing a trade-off of short-term costs of diveys{keeping options open) with long term
benefits (because diversity generates new optiorhe future). Bounded rationality (habits,
routines, imitation, rivalry, group norms) may reemore attention in economic analyses, as
this often provides a more realistic depiction loé response of individuals to complexity and
uncertainty, which is relevant in certain trangitjghases.

We have briefly addressed the potential fricticgtwieen the dominant neoclassical
school in economics and the aims of transitionaete Some writers in transition research have
noted this potential friction. Our position is tredrtainly neoclassical economics does not offer
the complete perspective on transitions that a repac formal theory does. Neoclassical
economics offers useful information on market psses and economic motives, but tends to
neglect or treat implicitly cultural and certairsiitutional aspects of transitions. It can provide
insight into the how transitions will indirectly fatt the economy through interacting markets,
prices, costs, sectors, and demand and supply, imiptications for labour, capital and other
input factors. This appears to be a promising &oedransition research, in which models of
transitions to a market economy can play a usedid. rAs to the issue of achieving welfare
benefits through system innovation, some criticgehsuggested that the economist’s focus on
efficiency or cost-effectiveness, using the tootoét-benefit analysis, which prevents the search
for uncertain, long term and discrete or non-smaafiations and changes, and which means that
there is no specific role for transition managemé&kie feel that this oversimplifies matters.
Economic theory does not prescribe short-termiefiicy or optimisation. These are outcomes of
the myopia of people, firms and governments thattwa reap the benefits of investments as
soon as possible. This exemplifies itself, for eghan in the greater concern for energy
conservation than for renewable energy. Perhapsiesfy is often approached in a too
deterministic way, but on the other hand econormas developed advanced formal theories and
models to deal with uncertainty and irreversibjlitptably option value and real options theories.
Perhaps what needs to be done is to extend thpseaapes to include the potential, future value

26



of diversity, so that ultimately a good trade-offtlveen diversity and short run efficiency is

feasible. Last but not least, economics has reeegnithe problems associated with path-
dependence and lock-in. They are in fact considerexlof many market failures, namely as a
positive externality. A third possible critigue a@mainstream economics is the assumption of
perfectly rational agents giving rise to optimabides and social outcomes (in theory). Here
perhaps lies the weakest element of mainstreanoedos, which is currently under attack from

the fields of behavioural, experimental and evohairy economics, all of which offer useful

alternative ways to approach market and strated@raction and public regulation, for transition

research.

Economics is concerned with optimality but is gaitg critical about planning as a way
to achieve this. Governments should just improve ¢bnditions under which decentralized
decisions are made. The main contribution of megash economics is then perhaps that it offers
specific insights about how to respond to a nundfemarket failures that hamper transitions.
Economists and technology researchers and histosieem to agree that governments cannot and
therefore should not try to pick winners. It istbetto rely on the (evolving) self-organisation
capacity of institutions and markets, even wherojberation of markets may occasionally lead to
sub-optimal solutions through path-dependence tieguin a lock-in. Evolutionary economists
would next to selection by markets see an importavernment role for stimulating or even
contributing (through public R&D) to a variety opions, precisely because markets are myopic
and guided by increasing returns to scale, thusingrthe risk of fostering (too) early lock-in.

Given the rich set of concepts, ideas and appesaitentified here, economics without
any doubt can play a useful role in transition aeslke. Of particular interest are the sub-
disciplines of business cycle theory (long wavekyelopment economics, economic history,
economics of transition economies (former commun@intries), economics of technology,
environmental economics, institutional economiagylic economics, and spatial economics. In
view of this, a fruitful strategy would be to tré@srelevant insights from each of these areas to
transition research, and where relevant elaboradesgnthesise them. This strategy would ideally
involve interaction with experts from each of thislisciplines.
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