y 2 F.

ROUTLEDGE STUDIES IN ECOLOGICAL ECONOMICS

Creating a Sustainable
Economy

An institutional and evolutionary
approach fo environmental policy

Edited by
Gerardo Marletto



Creating a Sustainable Economy

This book is designed for those scholars, students, policy makers — or just
curious readers — who are looking for heterodox thinking on the issue of envir-
onmental economics and policy. Contributions to this book draw on multiple
streams of institutional and evolutionary economics and help build an approach
to environmental policy that radically diverges from mainstream prescriptions.
No ‘silver bullet’ solutions emerge from the analyses. Even market-based tools —
such as green taxes or tradable pollution permits — are bound to fail if they are
not incorporated into an integrated, multi-dimensional and multi-actor policy for
structural change.

‘Destabilize the old, create the new and support actors for change’: this claim
sums up the approach proposed by this book. Unsustainable socio-technical
systems — such as: internal combustion cars, non renewable energy sources or
intensive agriculture — feature a relevant resistance to change, because they are
embedded in the very structure of our society and because of the conservative
action of dominant stakeholders. This is why no environmental policy will be
effective unless it aims at ‘unlocking’ our societies from them. But this book is
mostly targeted to the constructive side of environmental policy, that is, the
establishment of new and more sustainable ways of fulfilling our needs. Even if
with different foci and backgrounds, all contributors to the book view environ-
mental policy as a combination of actions which is able to trigger — and make
viable — those institutional, technological and economic changes which are
needed to reach sustainability.

Coalitions of actors for change are at the heart of this vision: environmental
policy must actively support their empowerment, legitimacy and social network-
ing. This also means that all groups and individuals — not only dominant stake-
holders — should be provided with sufficient capabilities to access the
deliberation and decision arena for sustainability.

Gerardo Marletto is Associate Professor at the University of Sassari, Sardinia,
Italy.
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Preface

I am an economist, but I do not feel at all at ease with mainstream economics.
This book is designed for those scholars, students, policy makers, practitioners —
or just curious readers — who share this feeling and are looking for heterodox
thinking on the issue of environmental economics and policy.

My discomfort with mainstream economics results from a striking contradic-
tion. On one side, mainstream economics is manifestly not able to face today’s
global problems, such as financial instability, stagnation and unemployment,
climate change, inequality and poverty, food and water crises, etc. On the other
side, old and new streams in economics, sociology, political science, natural
science, etc. are out there, available for those who want to draw on them in order
to open new research paths, revise courses and academic programs, enact new
national and global policies. But this is very difficult, almost impossible, also
because mainstream economics dominates both the cultural and the political
arena. One might even wonder if it is mainstream economic policy — with its
obsession with deflation and liberalization — that helped to generate global
crises.

The only relief to my discomfort is that I am in good company: an increasing
number of scholars share my feelings and opinions. The most authoritative
among them — Elinor Ostrom, Amartya Sen, Joseph Stiglitz — were awarded the
Nobel Prize in economics; others gave birth to academic book series and jour-
nals, scientific societies, handbooks and courses, think tanks, Internet groups,
etc. All over the world, a cultural movement explicitly criticizes mainstream
economics and diffuses heterodox thinking.

But the time has come to get out of the niche of heterodoxy and build the new
mainstream economics. Obviously this is not an easy task: changing a paradigm
may take years, even decades. But new ideas are not generated from scratch; on
the contrary, they can ‘stand on the shoulders of giants’, such as: David Ricardo,
John Maynard Keynes, Joseph Schumpeter, Herbert Simon and — with specific
reference to environmental issues — William Kapp and Nicholas Georgescu-
Roegen.

This book is part of this cultural movement. Contributions to this book draw
on multiple streams of institutional and evolutionary economics and help build
an approach to environmental policy which radically diverges from mainstream
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prescriptions. Institutions and technologies — and not only markets — are at the
heart of a systemic and dynamic analysis of those structural changes which are
needed to create a sustainable economy. Actors — and their ability to influence
politics and policy — are explicitly taken into consideration. No ‘silver bullet’
solutions emerge from the analysis; what matters is the overall approach to
policy. Even market-based tools — such as green taxes or tradable pollution
permits — are bound to fail if they are not incorporated into an integrated, multi-
dimensional and multi-actor policy for structural change.

‘Destabilize the old, create the new and support actors for change’: this claim
sums up the approach proposed here.

Internal combustion cars, coal-fired power plants, intensive farms, energy-
inefficient houses: these are just few examples of how most of our needs are cur-
rently fulfilled in an unsustainable way. But these are not simply products,
production methods or technologies; they are complex systems made of actors,
rules, norms, habits, behavior, values, preferences, resources, knowledge, infra-
structures, organizations, powers, etc. These ‘socio-technical’ systems feature a
relevant resistance to change, because they are embedded in the very structure of
our society and because of the conservative action of dominant stakeholders.
This is why no environmental policy will be effective unless it aims at ‘unlock-
ing’ our societies from the dominance of these unsustainable socio-technical
systems.

But this book is mostly targeted at the constructive side of environmental
policy, that is, the establishment of new and more sustainable ways of fulfilling
our needs. This issue is analyzed from different viewpoints by contributors to
the book: some focus on behavior and institutions, others analyze the interaction
of economic and technological dynamics; some provide sectoral case studies and
others have the ambition to provide the reader with an overall picture. But all
authors view environmental policy as a combination of actions that can trigger —
and make viable — those institutional, technological and economic changes
which are needed to reach sustainability.

Then, policy prescriptions follow consistently: (a) An institutional policy is
needed to establish new political discourses, new political habits and new formal
norms which may accommodate all actions towards sustainability; (b) A pro-
active industrial policy is needed to ease and foster the co-operation between all
subjects who can be involved in ‘green’ innovations (universities, research
bodies, authorities, firms, associations, grassroots movements, etc.); (c) An
expansive macroeconomic policy — a ‘green new deal’ — is needed to provide the
financial resources that must be invested in new productive capacity and new
infrastructures; (d) Local experiments must be implemented in order to protect
and strengthen emerging novelties and actors, but wider diffusion is needed to
trigger national and international processes of change.

In synthesis, environmental policy must foster and co-ordinate changes
towards sustainability which take place in multiple dimensions and multiple
scales of social life; only when changes align and mutually reinforce, can policy
then play a secondary role and, eventually, quit the scene.



xvi Preface

Actors for change are at the heart of this vision, both as subjects and as object
of policy: as subjects, because the creation of new and sustainable socio-
technical systems is made possible by (coalitions of) actors for change; as object,
because environmental policy — to be effective — must actively support the
empowerment, legitimation and social networking of such coalitions. This is
why so many (heterodox) scholars of environmental issues insist on participation
as a crucial feature of effective policies: through participation dominant stake-
holders may be tamed and actors for change can enter the policy arena. This also
means that environmental policy must say something on the design of political
institutions, in particular with reference to two interconnected points: (a) If all
groups and individuals — and the people at large — have sufficient capabilities to
access the collective processes of deliberation and decision about the issue of
sustainability; (b) If open debate, pluralism and free experimentation on sustain-
able futures are effectively fostered.

Commenting on Amartya Sen’s Development as Freedom, Mario Vargas
Llosa wrote that, without democracy, economic policy is bound to fail. Replace
‘economic’ with ‘environmental’ and you will find one — perhaps more stimulat-
ing — key to reading this book.

Rome, 30 October 2011
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Part 1

A dynamic and systemic
analysis of economic change






1 Agency and economic change

Karolina Safarzynska

Introduction

Neoclassical economics provides too narrow a perspective to deal with behavi-
oral and structural changes in the economy (Henrich et al. 2001b; Fehr and
Gachter 2002; Gowdy 2004; Ayres and Bergh 2005; van den Bergh 2007). It
focuses on equilibrium outcomes and rationality of market participants, which
ignores dynamics occurring out of the equilibrium, bounded rationality, and
path-dependent processes. Socio-technical systems and eco-systems coevolve
over time, not always in desirable directions. This relates to the fact that increas-
ing returns associated with material infrastructure, production routines, con-
sumer habits, collective frames and institutions determine directions in which
changes in the system are unfolding. Over time, they may render lock-in to a
single technology or interrelated technologies, which is often illustrated with an
example of lock-in to fossil fuel technologies. In this context, structural change
may involve, or even require, overcoming behavioral, institutional and technolo-
gical inertias.

Evolutionary economics provides theoretical concepts and methodological
tools to frame dynamics underlying structural change (van den Bergh and
Gowdy 2000; Potts 2001; Hodgson 2004). Changes in evolutionary systems are
analyzed as a result of variety-reducing selection and variety-generating innova-
tions operating on a diversity of behaviors, institutions and technologies. Popula-
tions of heterogeneous elements constitute a prerequisite for selection to act
upon. Selection limits diversity of available options, and so the scope for experi-
menting with variations and combinations of existing options. It can act on the
level of individuals and groups leading to multi-level, complex dynamics. In
socio-economic systems, two or more evolutionary populations or subsystems
can be linked together through mutual adaption processes, leading to coevolu-
tionary dynamics (Winder et al. 2005). Coevolution has been evoked to describe
interactions between different populations: industry—technology, gene—culture,
ecological-economic systems, demand—supply, behaviors—institutions (van den
Bergh and Stagl 2004). For instance, in evolutionary models of demand and
supply coevolution, preferences of consumers evolve over time as a result of
consumer interactions and technological progress, which in turn affects the
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direction of innovative activities by firms (Windrum and Birchenhall 1998 and
2005).

Evolutionary economics is one of the pillars of neo-Schumpeterian studies of
innovations and technological change. They have inspired a number of policy
suggestions regarding how to fuel the process of technological change (Nelson
and Winter 1982; Silverberg et al. 1998; Malerba et al. 2008). This includes
insights regarding the optimal allocation of investments in different technolo-
gical options (van den Bergh 2008), polices for creation of market niches (Unruh
2000), un-locking the market (Malerba et al. 2008), or the optimal timing of
policy interventions (Zundel et al. 2005). Still, lacking is a coherent evolutionary
perspective on policies for behavioral, technological and institutional change.
This partially relates to the fact that the notion of the individual in evolutionary
economics in not well established and builds loosely on stylized facts from
various disciplines (Dosi et al. 2006). As a result, evolutionary economics pro-
vides less clear cut policy recommendations regarding individual behavior than
neoclassical economics. The aim of this chapter is to explore the contributions of
evolutionary economics to policies aimed at inducing structural change and the
role of agency therein. The remainder of this chapter is as follows: next we
discuss core mechanisms of evolutionary change; following this, the building
blocks of agency in evolutionary economics are discussed; then we discuss dif-
ferent types of evolutionary models for environmental policy; the last section
concludes.

Mechanisms of evolutionary change

In this section, we discuss the general mechanisms of change in evolutionary
systems. In particular, mechanisms of general Darwinism are discussed, which
provide a general framework for framing processes in complex evolving
systems. Evolutionary changes in one population can occur in response to
changes in another population. Different types of coevolutionary dynamics are
also briefly presented. The mechanisms of general Darwinism can be applied to
explain changes within as well as between groups, leading to multi-level selec-
tion. Path dependence and lock-in demand attention too; these notions explain
why it may be increasingly difficult to alter pathways of system development
over time.'

General Darwinism

Evolutionary economics builds upon insights from general Darwinism, which
provides a general framework for dealing with complex evolving systems, con-
sisting of populations of varied and replicating entities (Hodgson and Kundsen
2007, 2008). Accordingly, the interplay of diversity, innovation and selection
determines the direction in which changes in the system are unfolding. However,
there are concerns that studying economic processes in analogy to natural selec-
tion comes at the price of abstraction from details relevant for understanding
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social systems, such as creativity, intentionality and knowledge accumulation
(Levit et al. 2011). Witt (2004) argues that general Darwinism should be treated
as a meta-theory about evolution in nature rather than general principles applica-
ble to explain changes in social systems.” Still, the fact that Generalized Darwin-
ism may need to be augmented by detailed explanations of the specific
mechanisms in society and nature, does not imply that the framework is inappli-
cable to the study of social processes (Hodgson and Knudsen 2006).

A heterogeneous population, consisting of diverse elements or members, is
essential for evolutionary dynamics. The greater the heterogeneity or variability
of elements upon which selection for fitness can act the greater the expected
improvement in fitness. This is captured by Fisher’s principle (Fisher 1930). In
innovation studies inspired by evolutionary theorizing, maintaining a diversity of
technologies is often recommend for increasing the resilience of the system to
unforeseen contingencies so as to ‘keep the options open’. However, at the high
levels of policy making, the pursuit of a balanced portfolio of diverse options is
not always clearly defined or understood (Stirling 2010). This relates to the fact
that diversity is a multi-layered concept. Stirling (2004 and 2007) proposes to
analyze diversity as having three properties: variety, balance and disparity.
Variety is defined as the number of categories into which a population can be
partitioned. As a result, the larger these numbers the larger the diversity is.
Balance relates to the distribution of the shares of each category in the popula-
tion, implying that the more equal the shares, the more even the distribution and
the larger the diversity. Finally, disparity refers to the degree to which options
differ; it captures the distance between categories. Disparity is a qualitative prop-
erty, which represents a rather subjective and context-dependent aspect of diver-
sity. Economists often emphasize that diversity may come at other costs, for
instance, of foregoing advantages of economies of scale and specialization, con-
ducting a multidisciplinary research or co-ordinating various projects. There is a
trade-off between the benefits of diversity and the benefits of specialization,
which needs to be addressed by decision-makers (van den Bergh 2008).

Selection encompasses different mechanisms by which certain elements, tech-
nologies or policies are chosen from the variety of available options. In the sim-
plest form, selection can be understood in terms of picking a subset from a
certain set of elements according to a criterion of preference, referred to as
subset selection (Price 1995). Alternatively, selection can be seen by analogy
with natural selection as the outcome of two independent processes, namely:
replication of an encoded instruction set and differential replication of entities
during their interactions (Knudsen 2002). In the economic context, selection can
operate on behaviors, technologies and institutions. Selection environments
determine which options are more likely to develop and diffuse. For instance,
liberalization of the electricity market in the United Kingdom has favored the
entrance of new combined cycle gas turbines (CCGT). Although, the technology
has been relatively cheap to install due to low capital costs and a short time of
setting up CCGT plants, its rapid diffusion cannot be explained solely in this
way. A number of policy decisions have been taken that created a selection
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environment advantageous for the adoption of gas in electricity production. This
left behind other promising technologies, such as the fluidized bed boiler
(Watson 2004).

Selection acts so as to limit diversity in the system. Ultimately, the system
may become dominated by, or locked-in to, a single technology or a constella-
tion of interrelated technologies. The process is counterbalanced by innovation
mechanisms, which introduce new options to the population. In neoclassical
models, innovation processes are typically deterministic or captured by stochas-
tic improvements in input productivity. On the contrary, in evolutionary theories,
heterogeneous firms actively search the landscapes of technical or service
characteristics for better solutions or imitate existing (profitable) technologies on
the market, following the seminal work by Nelson and Winter (1982). This
implies that the opportunities for innovation depend on the existing options in
the population. In particular, the existing variety of technologies determines the
scope for experimentation with variations or combinations of existing designs.
The latter can be a source of modular or recombinant innovations, where com-
ponents of different technologies are recombined into a new technological
option. Recombinant innovation has been shown to be an important source of
novelty in the past. For instance, the medieval European printers combined six
independent existing technologies: paper, movable type, metallurgy, presses,
inks and scripts (Diamond 2005); early mill technology incorporated water mill
and sailing solutions (Mokyr 1990). A recent study compares short- and long-
term costs and benefits of investing in recombinant innovation using a formal
model (Safarzynska and van den Bergh 2011a).

Coevolution

Structural change can be conceptualized as a non-linear process, where economic,
social and technological subsystems interact with each other leading to irreversi-
ble patterns of change. During the process, different sub-systems (markets, tech-
nologies, institutions, scientific knowledge, etc.), and within them different
groups of entities with conflicting interests (producers, consumers, investors,
policy makers, universities, NGOs, labor unions, etc.), coevolve affecting the
evolution of socio-technological trajectories (van den Bergh and Stagl 2004;
Geels 2005; Loorbach and Rotmans 2006). By starting from the notion of repre-
sentative agents, neoclassical economic models do not allow modeling coevolu-
tionary responses, feedback mechanisms and increasing returns between
heterogeneous populations. Formally, coevolution requires that heterogeneous
populations are linked together through mutual adaptation and pressure mechan-
isms (van den Bergh and Stagl 2004; Winder et al. 2005). Evolutionary modeling
techniques build explicitly upon the population approach. They allow the concep-
tualizing of different types of coevolutionary processes, such as between environ-
ments and human strategies (e.g., Noailly 2008), technological coevolution (see
Safarzynska et al. 2011), different types of industries (e.g., Malerba et al. 2005),
demand-supply coevolution (e.g., Windrum and Birchenhall 2005), behavior and
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institutions (e.g., Bowles ef al. 2003; Hodgson and Knudsen 2004) so as to
explore their properties.

In particular, studying three types of interrelated coevolutionary dynamics
can offer insights to mechanisms underlying the process of structural change:
technological, industry and supply—demand coevolution. Technological coevolu-
tion implies that technologies coevolve together shaping each other’s traject-
ories. For instance, changes in products qualities, the system of their production
and use can occur as a result of mutual adjustments and adaptations between two
or more technological systems. This can be studied using the NK-model
(Frenken and Nuvolari 2004; Caminati 2006; Alkemade et al. 2009). The model
has been proposed by Kauffman (1993) as a stochastic method for constructing
an adaptive fitness landscape. In the framework, each element of the system is
assigned a fitness value, which changes depending on the fitness of other ele-
ments. In NK models of technological coevolution, technologies are represented
by binary bit-strings; each bit depicts a specific technical component or techno-
logical characteristic. For instance, in Frenken and Nuvolari’s (2004) paper, the
NK fitness landscape describes a multidimensional design space of steam power
technology, while each string represents a unique steam engine design. The
model allows studying adaptations of steam technology to different application
domains (sectors). It provides insights to coevolution of technological com-
ponents and the steam engine technology.

An agent-based technique offers an alternative approach for modeling coevo-
Iutionary processes between heterogonous populations, which is currently
increasingly popular. For instance, Malerba ef al. (2005) develop an agent-based
model to study coevolution of the computer and semiconductors industries. In
the model, firms producing computers buy specialized components, such as sem-
iconductors, from suppliers. The evolution of component technologies affects
the design of computers, and thus their performance and price. Technological
change is discontinuous: new component technologies displace old ones, which
subsequently allows improving the design of computers. Producers of computers
may decide to vertically integrate, i.e., produce components in-house, or buy
semiconductors on the market. The model proved to replicate well historical pat-
terns of vertical integration and specialization in computer industries. Malerba e?
al. (2008) apply this model to study which policies are effective in preventing a
high degree of market concentration and supporting the entry of new firms.

Coevolutionary frameworks of supply and demand has been increasingly
employed to study conditions under which technological substitution occurs and
the role of evolving consumer preferences in the process (Windrum and Birch-
enhall 1998, 2005; Janssen and Jager 2002; Oltra and Saint-Jean 2005; Saint-
Jean 2006; Windrum et al. 2009a, 2009b; Malerba et al. 1999, 2005, 2008;
Safarzynska and van den Bergh 2010b). This has been motivated by the fact that
producer—consumer interactions play an important role during the innovation
process (emergence and diffusion), and in later phases of product development
(Malerba 2007). For instance, knowledge generated through learning-by-using
can only be transformed into new products if producers have direct contact with
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consumers (Lundvall 1988). Producers may monitor consumers to assess their
competences, i.e., the learning potential of the market to adopt new products.
Coevolutionary modeling of demand and supply show that evolution of con-
sumer preferences affects the direction of technological change in the industry
(Windrum and Birchenhall 1998, 2005), while network effects in consumption
can create an important obstacle to diffusion of new technologies (Safarzynska
and van den Bergh 2010b). Recently, Dijk ez al. (2011) explored how changing
social appraisal of technology options and regulatory support affect the diffusion
of ‘clean’ vehicles in a coevolutionary setting.

Group selection

The economy can be perceived as a complex, hierarchical structure comprising
various levels and subsystems linked together through strong feedback mechan-
isms (Potts 2001). Multilevel or group selection is a theory of evolutionary
change which involves selection operating at both individual and group levels
(Bergstrom 2002; Wilson 2002; Henrich 2004; Garcia and van den Bergh 2011).
It has been shown to explain the evolution of co-operation where selection at the
level of individual favors selfish behavior, but groups with more co-operators
grow faster or are more likely to win in a multi-group conflict (Bowles et al.
2003; Wilson 2002; Van Veelen and Hopfensitz 2007). Group selection
addresses the formation, growth and interactions within and between groups. It
offers a theoretical perspective to study public decision-making; institutional and
organizational change; and socio-economic power (van den Bergh and Gowdy
2009).

Group selection has been much debated in biology and social science (for a
summary of the discussion see van den Bergh and Gowdy 2009). Cultural group
selection is considered as more relevant for explaining changes in social—cultural
contexts. Cultural group selection involves cognitive learning and cultural
acquiring of social traits (Boyd and Richardson 1985). It allows combining
upward and downward causation between selection operating on habits at the
level of individual interactions and on routines at the group level. In this context,
Hodgson and Knudsen (2010) suggest thinking of habits as replicators, whose
actual replication depends on the fitness advantage they bestow upon those indi-
viduals and groups who carry them. Individuals can change habits through imita-
tions of others or due to observational learning within groups. At the higher
level, routines can emerge as a result of interactions between individuals. Witt
(2008) emphasizes the functional role that routines play in organizations, which
can be interpreted in terms of fitness advantages they provide to the group. In
particular, routines can enhance coherence and truce within organization, create
an organizational identity, set the normative standard of behaviors, and serve to
support the sustainability of organizational goals.

As an alternative approach to the analysis of multi-level, evolutionary dynam-
ics, Dopfer (2006) and others propose a three-level framework, which is com-
posed of micro, meso and macro levels. The micro-level is defined here in terms



