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Introduction

Human existence cannot be separated from the environment humans live in. People are
constantly interacting with their environment to maintain and improve their living
conditions. This interaction with natural systems supports the existence and viability of
societies and cultures. Early hunter-gatherer societies relied on the wildlife and the
availability of edible plants and fruits to provide for food. Many of those societies existed
for long periods, because they managed the natural resources as communal property, using
them with moderation. However, because of natural disasters, severe winters and over-
harvesting, both the natural resources and the people often struggled to survive, frequently
without success.

The introduction of agriculture, propelled by the development of ploughing,
drastically changed the relation between man and natural systems. Land was being
cultivated, which facilitated the production of larger quantities of food. This allowed for
sustaining larger numbers of people and the storage of food stocks to survive droughts
and winters. Because farmers could produce far more food than they required for
themselves, a further specialisation of societal roles became possible. This specialisation
stimulated the development and improvement of skills such as the processing of the
agricultural products (milling of grain, baking of bread) and the production of agricultural
tools and infrastructure (food storage, irrigation). Some of the agricultural societies
remained for very long periods (e.g. in the Nile-valley ± 7000 years; Ponting, 1993).
However, despite the fact that agriculture lessened the vulnerability of societies in bad
periods, many of these cultures collapsed after periods of flourishing (e.g., the
Mesopotamians  - 2000 BC and the Mayas - 800 AD). The initial success of these societies
often stimulated population growth, which in its turn led towards an increased demand for
food. This forced the farmers to cultivate lower quality land (forests, hills), thereby also
accelerating processes of erosion. Plato, for example, lamented in his Critias that
agricultural activities had transformed the land of Attica. Moreover, the soils became often
exhausted because of intensive growing, or too salt because of intensive irrigation. This
process often culminated in series of bad harvests, famine, large migrations and the
collapse of cultures (see e.g., Ponting, 1993). These societies, whilst sometimes flourishing
for centuries, were in the end not capable of satisfying their own and future generations’
needs.

The industrialisation in the 19th century, propelled by the invention of the steam
engine, had great effects on man and the environment. Forests were cut at a high rate to
fuel the increasing number of steam engines. It is hard to imagine that the bare landscape
of Scotland was once covered with the Caledonian forest. When many forests had been
cut, coal provided fuel for industrialisation. The enormous economic growth associated
with industrialisation resulted in financial wealth for many people, however, many more
‘working class’ people suffered from bad working and living conditions. Environmental
quality dropped because of deforestation, air-pollution and water pollution.

At present, the socio-economic systems of many countries appear to overshoot
their natural resource basis, which often causes regional environmental problems.
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Examples are the erosion in Kenya because of agricultural practices and the gathering of
fuel-wood, water shortages in various regions of the world (e.g., the Middle East,
California, England), the burning of woods in Indonesia for agricultural purposes and
floods in Korea as a result of deforestation. However, during the last decades awareness
has emerged that the environmental impacts of our socio-economic system not only affect
the regional or national level, but also have an impact on the world as a whole. These
global changes, such as global warming, the thinning of the stratospheric ozone layer and
large-scale deforestation, seriously jeopardise basic existential conditions.

The critical question in understanding environmental problems is why people so
frequently over-exploit and damage natural resources, thereby endangering their own
(future) living conditions, whereas other people use the same type of natural resources
with moderation to preserve them. This question directly relates to the concept of
sustainability, which deals with man’s relation with nature, and in particular the exploitation
of natural resources. Concisely defined, a sustainable society implies that the needs of the
people are met without endangering the needs of future generations (Brundtland, 1987).
The basic concept of sustainability stems from the biological concept of carrying capacity,
which indicates a critical level of resource use. A resource use that exceeds this critical level
will cause the resource to deplete, depriving future generations from its benefits.

Sustainability
Many discussions have been devoted to the technological innovations, institutional
changes and changes in morality that would be necessary to reach the goal of a sustainable
society. However, an ‘objective’ definition of sustainability has not been met (Sikor and
Norgaard, 1999, p. 49).  The perception of sustainability is subject to social and cultural
values regarding what type of resources should be maintained, the level at which these
resources should be maintained, and the appropriate means to do so. Moreover, it includes
notions of who is responsible for implementing these means and the distribution of
benefits and costs. Consequently, managing sustainability can be considered as a process
aimed at integrating various views (ecological, economical, social, technical, moral). These
views can be used in striving towards the satisfaction of needs of the current population,
whilst creating sufficient opportunities for future generations to meet their needs. The
social processes that can stimulate a more sustainable resource use are protection,
investment, co-operation and innovation (Sikor and Norgaard, 1999).

To exemplify the different perspectives that actors have, and the social processes
between these actors that may stimulate sustainability, let us consider the management of
fishing grounds. Here, we deal with different actors having different perspectives on the
use of this resource. For a local fishing company the perspective is focussed at the
economic benefits to be gained by harvesting consumption fish. The perspective of
environmentalists is focussed at the biodiversity of the fishing grounds, and as such they
value the ecological system as a whole, involving all living animals, plants, nutrients and
water quality. For residents in a coast town that largely depends on fisheries the fishing
grounds determine the prosperity and viability of the town, creating an environment that
provides good working and living conditions. Striving towards a sustainable use of fishing
grounds involves, for example, the protection of the different actors from forces that
would jeopardise the desired qualities of the resource. For example, closing the fish-
grounds for foreign fleets may stimulate the local fishing companies to develop a long-
term perspective on managing the fish-stock. Investment implies, for example, the
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introduction of a fishing season, a minimal mesh-size of the nets and an agency enforcing
these rules in order to guarantee the regenerative capacity of the fish-stock. Co-operation
involves that the different actors work together in protecting the fish-stock, e.g. in advising
national policy makers on issues dealing with the fishing grounds. This involves that the
different actors learn to understand each other’s perspective, and to recognise shared
goals, such as the importance of biodiversity for a strong regenerative capacity of the fish-
stock. Innovation involves the development of new technology and institutions to
preserve the resource for future generations. Examples are the use of other types of nets
and the introduction of a quota system.

Human behaviour and sustainability
Despite the fact that people often have ideas on the natural resources that are being
jeopardised and the possible courses of action that would decrease the associated
environmental problems, the actual behaviour of people is often far from sustainable. This
may be due to different reasons (see also Vlek, 1996, p. 19). First, people may be unaware
of the environmental problem. Second, they may be uncertain or underestimate the
consequences of the environmental problem. Third, they may be incapable of changing
their behaviour due to a lack of abilities. Fourth, changing behaviour in a more sustainable
direction may seriously impair their quality of life (satisfaction of needs). Fifth, they may
perceive that their individual behavioural change will hardly have an effect on the
collective environmental problem. And sixth, they may be willing and able to change their
behaviour, but may be inclined to wait until other persons change their behaviour first,
thereby avoiding to be ‘the sucker’. This latter reason is especially prevalent when the
resource is not being perceived as a communal property, and social norms promoting a
moderate use are lacking.

All these reasons, indicating why people often do not behave in a sustainable
manner, deal in some sense with the cognitive processing of people. Habits, limited
cognitive abilities, uncertainty, trust, personal motivation and needs all play an important
role in determining the effort people make in obtaining information, when and with whom
they compare, and what behaviour they will perform. Moreover, because natural resources
are often public commodities, the people that use them are interdependent regarding their
outcomes. This implies, for example, that the quantity of fish caught by one fisherman
affects the size of the fish-stock available for other fishermen. In such situations, which
bear a social-dilemma character, people often end up behaving in an unsustainable manner,
whereas a more restricted resource use would yield higher outcomes in the long run.

The recognition that a natural resource is at danger in many cases stimulates
governments to implement measures aimed at promoting sustainable behaviour. These
measures are often being developed from a technological and/or an economic perspective.
This is no surprise, because especially the natural sciences and economics have contributed
a lot to understanding the principles of sustainability. However, these measures often do
not anticipate on the behavioural dynamics affecting the effectiveness of these measures.
As a consequence, such measures often do not yield the expected results and they
frequently cause unexpected side effects. Examples of such developments are the very
rapid increase of air traffic (business, tourist and freight), the increase of freight traffic
generated by internet business (‘e-commerce’) and the increased paper consumption
associated with computer use (remember the ‘paperless office’?).
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The introduction of a psychological perspective in the process of searching for
sustainability may add to our understanding of both the behavioural determinants of
(un)sustainable behaviour and possible strategies to develop effective measures aimed at
behavioural changes.

What psychology has to offer
Despite (or because of) being a relatively young science, psychology has developed a fair
number of theories explaining different but often overlapping processes of human
behaviour. In Chapter 5 several theories that are relevant in the context of environmental
behaviour will be discussed.

In studying the processes that guide people’s behaviour, all theories may contribute
important insights. However, not all theoretical insights are relevant at the same time. For
example, habitual behaviour can be understood using conditioning theory. However, when
the habit changes, processes of attitude formation, reasoned action and social comparison
may also play a role. Therefore, to understand the processes that lead towards
unsustainable behaviour it is necessary to have a comprehensive perspective explaining in
what situation which theoretical insights are relevant. It is precisely this perspective that is
the starting-point of this monograph.

A conceptual meta-model is being developed that integrates simplified versions of
the various specific or expert-theories as listed above. This integration allows for a
dynamical description of behavioural processes, e.g., habit formation and change. A
conceptual meta-model can not only be used in diagnosing the behavioural processes that
lead towards unsustainable behaviour, but it also provides a perspective on which types of
measures can be used in which order, to change this behaviour. Such a meta-model should
be tested in order to prove and improve its validity and related applicability. A practical
approach here is to formalise the model in terms of mathematical relations. Not only does
this force one to be very specific regarding the relations between the various model parts,
but it also offers the possibility of running and testing the model on a computer.

A formalised meta-model of behaviour that runs on a computer offers two major
advantages. First, it becomes possible to perform simulations to experiment with
behavioural dynamics. Such simulations can be used to explore for example the dynamics
of resource use and consumptive behaviour and to formulate process explanations of
empirically found effects. The second advantage of formalisation is that the mathematical
basis makes it possible to exchange data with other disciplines and provide rules that can
be used by others too, for example in integrated models of ecological-economic systems.

A formal model of behaviour
The concept of ‘model’ has many connotations, ranging from models like Claudia Schiffer
and Naomi Campbell, miniaturised objects, organising structures, to mathematical models
and computer simulations of complex systems. Within the natural and the economic
sciences, models usually refer to mathematical formalisations of (parts of) real world
systems, e.g., a formalised relation in terms of a mathematical equation. Models play a
crucial role in science because their formalisation allows comparing outcomes with
developments in the real world. Consequently, models are testable, allowing for decisions
about which of two formal descriptions is better describing a real world process. The
development of models often proceeds through isomorphisms, that is, by hypothesising
that two different real-world systems share the same formal description. This modelling-



INTRODUCTION

- 5 -

by-analogy has played an important role in economic science in describing complex
economic (sub)system(s). For instance, there are clear isomorphisms between neo-classical
equilibrium theory and the laws of chemical equilibrium as formulated by a.o. Guldberg
and Waage (1867) and between economic production theory and classical
thermodynamics.

In psychology, the principles of the telephone exchange and later the computer
provided analogies for the theoretical modelling of cognitive processes and the functioning
of the brain. Most psychological theories that have been discussed before can be
considered as organising structures, elucidating which factors and variables affect other
factors and variables. The formalisation of these relations is often based upon statistical
data, which allows for attributing weights to various determinants. These weights vary
depending on which data sets are being used in formalising the model. Because this type of
formalisation is based on fixed relations between relevant variables, these models are not
applicable in a simulation setting designed to study the dynamics of human behaviour.

Multi-agent simulation offers a tool to model interacting agents, and thus in
principle it is appropriate for studying the dynamics of human behaviour. Within
psychology the use of computerised models is not very common. However, more and
more researchers discover the possibilities of computer modelling. Up to now, the
application of behaviour simulation models has primarily been performed in game-
theoretical research (see e.g., Gilbert & Troitzsch, 1999; Liebrand and Messick, 1996).
However, these models are focussed at developing and testing outcome-optimising
strategies, and they therefore lack the psychological richness required for studying
behavioural dynamics in the context of sustainable development.

This monograph is aimed at demonstrating how a conceptual meta-model of
behaviour may be used in developing a behavioural simulation model. The resulting
methodology is called the ‘consumat approach’. First, this consumat approach is
demonstrated in the context of a simple resource dilemma, as is often studied in laboratory
settings with real people. Next the consumat approach is being used to study the
behavioural determinants of the so-called ‘lock-in’ effect, that involves the market
domination of one product over other similar products. Finally, an attempt is being made
to apply the consumat approach in the context of an integrated model, thereby introducing
behavioural dynamics in ecological-economic models aimed at studying issues of
sustainability. To elaborate on the modelling approaches within integrated modelling, the
next section will shortly describe a perspective on integrated modelling and the role of
behaviour.

Integrated modelling
Integrated models are relatively new approaches for discussing the issue of sustainability.
These models are aimed at bringing together the knowledge of various disciplines in
assessing the developments in ecology and economy. Starting in the 1970s, many
researchers have attempted to integrate various relevant systems into a comprehensive
model. Different concepts and modelling approaches emerged in the ‘integrated modelling
society’. Among these are system dynamics, environmental economics, industrial ecology,
ecological economics, systems ecology and integrated assessment modelling. Despite the
different approaches, all models that have been developed share one essential property: the
inherent impossibility to make accurate predictions for long-term future developments, no
matter the level of detail in the model. This is caused by the complexity of systems
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involving ecology and human behaviour, which confronts us with the fundamental limits
of predicting future system behaviour. Notwithstanding these serious limitations of
integrated models, they can help us to show the interdependence of the various activities
and their consequences in time, place and scale. In that way models can be used to
communicate knowledge on relevant system dynamics from the scientific community to
policy makers and stakeholders.

Currently, integrated models are being applied on various issues at different scale
levels. Several integrated models focus on ecological-economic developments at a regional
or local scale. In these models, socio-economic developments and interactions with the
environment are simulated in spatial detail. Examples of such models are ISLAND
(Engelen, White, Uljee and Drazan, 1995) and Lakeland (De Greef and De Vries, 1991).
The issue of global climate change has also stimulated the development of integrated
models of global systems. Examples of such global models are IMAGE (Rotmans, 1990;
Alcamo, 1994) and TARGETS (Rotmans and De Vries, 1997).

These various models all deal with the interaction between man and the
environment, and thus they address the issue of human behaviour, be it explicitly or
implicitly. Up till now, integrated models primarily communicate the insights (and the
objectives) of natural science and (neo-classical) economics. Regarding human behaviour,
this means that usually the ‘rational actor’ approach is being applied, or that empirical
demand-price-elasticities are being used to calculate the effect of (financial) system changes
on behaviour. A ‘rational-actor’ approach is being used frequently to explicitly formalise
‘the human agent’ in integrated models (see also Chapter 3 on optimisation). In this
approach a single, rational actor with perfect foresight and having a single, individual set of
preferences is taken to represent large aggregates of people. Moreover, this rational actor is
optimising it’s individual outcomes.

However, in real life people do not behave in such a systematic manner (e.g.,
Gintis, 2000). The rational-actor approach does not account for behavioural dynamics
such as habits, imitation and social comparison processes. To explore how such
behavioural dynamics affect the sustainability of ecological-economic systems, it would be
practical to apply the consumat approach in an integrated modelling context. This would
contribute to improve the behavioural dynamics in integrated models. Some first modest
steps in this direction are being made by applying the consumat approach in the integrated
model ‘Lakeland’ (De Greef and De Vries, 1991).

Scope and organisation of this dissertation
The first aim of this dissertation is to present a conceptual meta-model of human
behaviour that integrates various theories relevant for understanding environmental
behaviour. Subsequently, this meta-model is being used to develop a simulation model for
consumer behaviour. A multi-agent approach is chosen following state-of-the-art
developments in the field of computer simulation in the social sciences. This multi-agent
approach allows for the modelling of interactions between agents, thus allowing the
formalisation and simulation of processes of imitation and social comparison. Although
agent-based modelling is not new (e.g. Bossel and Strobel, 1978; Langton, 1989; Arthur,
1989; 1994; Holland and Miller, 1991; Epstein and Axtell, 1996), the contribution of this
dissertation is that the behavioural rules used are based on a conceptual meta-model of
behaviour. This increases the psychological richness and possibilities of validation of the
simulated behavioural dynamics. In most other agent-based models the definition of the
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rules is rather ad hoc (Durlauf, 1997) or the models are describing a more specific behaviour
in a restricted environment.

Having such high ambitions, we may easily fail. Although this dissertation proposes
some interesting improvements in simulating environmental behaviour, many problems
remain, and some problems have not even been addressed yet. Therefore, this dissertation
is intended at least to stimulate the debate on modelling human behaviour and the
simulation of behaviour in various scientific contexts.

This monograph is organised in the following way. In Chapter 2 a picture will be
drawn of environmental behaviour using the perspective of the commons dilemma (in
which many individuals are relying on a common resource). Being focused at human
behaviour in relation to renewable resources, the commons dilemma is a widely used
paradigm in economics and psychology. Chapter 3 is devoted to the paradigms and
techniques available for the modelling of human behaviour. Recent years have shown a
rapid growth in the development of methodological tools. Therefore, it is important to
deliberate on these approaches in light of their suitability for the modelling of behaviour.
Chapter 4 will present an overview of simulation research in the social sciences.

In Chapter 5 a conceptual meta-model of behaviour is being discussed, combining
various theories of behaviour in a single framework. This conceptual meta-model will be
used in Chapter 6 to formalise the decision rules for the simulated agents in the so-called
‘consumat approach’. In Chapter 7 the consumat approach is being applied to a simple
resource management task. The environmental relevancy of this topic was a first reason to
select this issue. Moreover, much research has been performed in studying the factors
determining the way in which people manage a renewable resource, including many
simulation experiments. This makes this issue suitable for testing and experimenting with
the consumat approach. In Chapter 8 the lock-in of consumption goods is being studied
using the consumat approach. Often some new technology may conquer a large market
share, whilst an alternative is available which is about equally good. From the perspective
of environmental management it is important to understand how these processes work,
because this would provide a perspective on avoiding lock-ins for environmentally harmful
products, and stimulating lock-ins for environmentally benign alternatives.

In Chapter 9 the consumat approach is being applied in the context of an
ecological-economic model. The simulation experiments in this chapter demonstrate the
application of the consumat approach in a more complex simulated environment, and they
thus demonstrate how the consumat approach can be applied in an integrated-modelling
context. This demonstration shows that the micro-level behavioural rules of the consumat
approach are significant for the macro-level indicators of sustainability. In Chapter 10
conclusions are drawn regarding the applicability and validity of the consumat approach.
In that chapter we will also discuss the limitations and possibilities of the consumat
approach.
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