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Chapter 9 A Futureof Surprises

Surprise is always relative, which explains
why, whenever something unexpected befalls
us, there is always someone who ‘saw it
coming’.
- Michael Thompson
Marco A. Janssen

I ntroduction
Integrated models describe the interactions betyweeple, economies and nature to explore
possible futures. In this chapter we concentratewonan behavior. Human behavior has too many
important dimensions to include them all in a $gitig manner in these models. Simplification is
necessary to make progress. The focus of this ehagpon one element, namely the subjective
perceptions of reality. The aim of this chaptemoigliscuss some recent developments in
integrating subjective perceptions of reality witlgicological-economic models, and to use these
models to explore the possibilities and consequeatehanging perspectives on sustainable
futures.

The variety of expectation about the future carlyite illustrated by the behavior of a
financial market, the place where expectationsoafganies’ futures are valued. According to the
“efficient market hypothesis” in economics, pritectuations are an immediate and unbiased
reflection of incoming news about future earninggpects. However, financial markets have
experienced large price fluctuations that are metctly related to external disturbances, but are
caused by internal dynamics. Behavioral economaigfse that psychological factors often lead to
more quasi-rational decisions (Thaler, 1992). Mattior models are used to study the
financial-market behavior, where actors have d#ifeistrategies in determining expected prices
(Lux and Marchesi, 1999). These multi-actor modie@ge been found useful to explain observed
fluctuations on financial markets.

In this chapter we deal with expectations on snatade development of ecological
economic systems. Sustainable development is arnatiyue concept related to maintaining
opportunities to meet the needs of future genaratiBecause it is not clear what these needs are,
and how they might be satisfied, various intergretes exists on the implications of the desire for
sustainable development on environmental policpuRhthis policy be preventive, adaptive or
reactive? The different perceptions of reality \wabd to surprises when expectations significantly
differ from observations. As suggested by the adamycle (Holling et al., chapter 2) these
surprises can trigger changes in perception oityead related resource management.

Controversies and different interpretations hal@ng history in determining how to
manage the environment. For instance, Malthus (Li&8farded food production as a land-limited
resource that could not possibly be increased guarkough to keep in pace with a growing
population. His expectation did not come true fareus reasons, among them the sharp increase
in agricultural productivity and the decrease irttbrates. Another example is provided by the
Limits to Growth report to the Club of Rome (Meadoet al., 1972), which concluded from a
model-based analysis that the continuation of dieplef resources would result in a collapse of
the world economy. However, the oil crisis of t@¥ Qs led to intensification of exploration efforts
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that located additional reserves, and induced invessts in energy efficiency and renewable
energy sources (Meadows et al., 1991). The sinaatnade in 1971 did not include either the oil
crisis or possible responses to it. The compledfitye system is seriously underestimated in such
analyses. This is particularly true with respedht® response and adaptation options and the
capability of humans to apply and expand such aptio

In this chapter the inclusion of perceptions ofitgand surprises within integrated models
are explored. First, the field of integrated mouiglis discussed in the context of the theories on
scale and resilience as applied in this book. Thearies of different perceptions of reality are
explored, especially the Cultural Theory. This tiyde then used to construct an approach to
explore institutional change, which is finally ajgol on an integrated model of global climate
change.

Integrated M odeling
In this chapter we use simple models to study &rabior of the system during the adaptive cycle,
as was done in other chapters in this volume (Caepet al., chapter 6; Brock et al., chapter 7;
Scheffer et al., chapter 8). More specific, soamhihtegrated models are used to study the
interactions between human activities and ecosyst&uch models link simplified versions of
expert models into an integrated framework (Jansk@®8). Integrated models can be used for a
variety of reasons. Understanding is one reasonagement is another. Ideally, one should
integrate insights from various disciplines suclee@snomics, psychology, ecology and physics.
The integration should be clear and acceptableadihg scholars in various disciplines. The
purpose of such models is to study key interactimig/een the various elements in a qualitative
way, and find ways to improve the future qualitytieé system, however it is defined.

M odeling Human Behavior

Of all elements in integrated models, behaviorwhhn beings is probably the most complex.
Since theory in social science is rather fragmenteztiels of human behavior that are useful for
simulation models are not generally agreed updegmation of human behavior into integrated
models is therefore biased at the start, througlelments of social science that are assumed to be
important for our purposes and that can be includida formal model. Although formal models
cannot include every nuance of our understandimey, pose clear assumptions and the resulting
consequences.

Traditionally, economics has been the social se¢hat developed formal models of
human behavior. Conventional economics theory sgos people as collections of rational
actors, thiHomo Economicygo study human behavior. The rational actorssateregarding
individuals maximizing their own well being. Howeyéhe powerful concept of the rational actor
has not been validated by experimental researebanomics and psychology and is therefore an
oversimplified model of human behavior (Gintis, 898oomes, 1998; Ormerod, 1994; Thaler,
1992).

Since the early 1950’s social scientists have gsegputers to simulate behavioral and
social processes. Economist Herbert Simon pioneeréeveloping models of bounded
rationality (Simon, 1957; 1996). Furthermore, do¢hte development of new simulation
techniques, like cellular automata, genetic algong and neural networks, and the widespread
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availability of personal computers, social scidstesxplore new ways of modeling human
behavior (Vallacher and Nowak, 1994; Gilbert andddp 1994; Gilbert and Conte, 1995; Conte et
al., 1997; Liebrand et al., 1998 and Jager, 200@se simulation models use interacting agents to
study social processes in simple and complex enrisnts.

A General Framework

Like ecological processes, we can describe thewaicomponents of integrated models in line

with the adaptive cycle. In this chapter a genfrehework of systems will be used that is based

on the many case studies described in this boolotret literature (e.g. Berkes and Folke, 1998;

Diamond, 1997; Giovanni and Baranzini, 1997; Gusderet al., 1995b). The so-calleamplex

ecological-economic systemefer to the transdisciplinary approach of ecalageconomics and

to the study of complex systems (Anderson et 8B81 Costanza, 1991; Holland, 1995; Waldrop,

1992). Four basic elements dominate the descrptbthe case studies: economic agents,

institutions, physical economic systems and ecesyst Studying complex ecological-economic

systems requires a transdisciplinary approachuttyshese four subsystems and their interactions.
Each subsystem can be described in line with taptae cycle. They can all be described
as a dynamic process where change is triggeredrpyises. Surprises can be internal or external.

Internal surprises evolve from the subsystem it&elternal surprises are caused by another

subsystem or natural surprises like earthquakedlaods. Since each subsystem influence other

subsystems, an internal surprise in one subsysa@nead to surprises and changes in the other
subsystems. For example, the pig plague in theedlaiids during the 1990’s was started at farms
in Germany where boars and pigs lived togetheredls among the boars led to a pig plague in

Europe. Because of the high density of the Dutghmplustry, stimulated by government

subsidies, the consequences were severe for tinef\etds. The financial costs reached billion

dollars. There was a need to reduce acid-rain-ogweshissions from pig industry. The pig plague
provided the government the opportunity to chaimgepig industry in the Netherlands.

In the case of global climate change various $talkkers have different interests in using
or producing energy. The physical economic systensists of capital and energy production.
Institutions can change the rate of change of épaétal stock, and the degree of reliance upon
alternative energy resources. Stakeholders camiesarprised when the changes of ecosystems
are in a different speed than expected. This ¢ggdr the collapse of current institutions and the
initiation of new types of institutions.

The four components of complex ecological-econ@ygtems can be described as follows

(Table 9.1):

- Economic agents are the total of consumers andupesd in an economic system. Decisions
made by these agents, the households, the compareanade by people. The decisions are
based on the satisfaction of needs, which vary sabsistence (physical and mental health of
persons, profits of a company) to identity (big, caarket leader). How to satisfy these needs is
based on the abilities and the opportunities ofatents.

- Institutions can be defined as a set of rules byealgroup of individuals to organize repetitive
actions that affect this group and can affect athiastitutions are made up of formal and
informal constraints. Formal constraints are rul@ss and constitutions. Informal constraints
are norms of behavior. Institutions often reacucprises by adding additional rules to repair
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external effects. Adding new rules can occur iglative brief time, but changing or removing
rules is usually a slow process.

The physical economy can be described in stockdlaws of energy and materials. In fact,
the physical economy can be considered to be thabmksm of the economic system. The
stocks and flows are designed with a functionappse: houses to live in, infrastructure for
transport, electric equipment to make housekeemioge comfortable, etc. Materials and
energy often disperse in the economic and enviromatheystem in low concentrations. The
flows of materials and energy use can relativegnging rapidly compared with the slow
changes in the accumulation of materials in vargiosks in the economy and the
environment.

Ecosystems are the collections of living and nemyj components of the environment
functioning together. The human population and hvimade environment were described in
more detail above in the three other componentewiplex ecological-economic systems.
Ecosystems also involve physical, chemical anddaunstituents of remarkable complexity.
Some constituents of ecosystems change rapidlydertain chemical reactions or
interactions among organisms) while others chafaye\s (e.g. geomorphological changes or
soil weathering). Evolutionary changes in the dicdn adapt to changes in the environment
and account for much of the resilience of ecosysteBut the rate and capabilities of
evolutionary change have limits. Human disturbacare produce irreversible changes in
ecosystems, such as biodiversity losses, as wehasges from which recovery is slow, such
as deforestation. These are the changes thatridaaking institutions must anticipate to
avoid severe social costs.
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Table 9.1: The characteric elements of complexagichl-economic systems.
Economic Institutions Physical Ecosystems
agents economy
Components consumers andrormal and Material and | Populations
producers: informal energy stocks | and non-living
households andconstraints and flows environment
companies
Diversity Needs, Rules, laws, | Functional Genetic,
opportunities, | norms & functional
abilities traditions (biodiversity)
Surprises Bankruptcy, | External Technical or | Fire, floods
disease, effects physical
collapse
Fast variables | Individual Adding new Material and | Behavioral
decisions rules energy flows | change
Slow variables| habits Changing or | Material stocks Evolutionary
deleting rules change

Although there are many different possible surgrisbo can trigger structural changes in the
system, we will concentrate on the different pdssgerceptions of reality, which can lead to
surprises when the system is behaving in diffenexyts than expected. In the next paragraph we
will describe classifications and dynamics of petmmns of reality.

Per spectives on Reality
Thompson et al. (1990), in their Cultural Theonyega general description of perspectives on
natural and human systems and social relations.thibry will be used in this chapter to illustrate
the possibilities of modeling (changing) perspexgivl he motivation to use the Cultural Theory,
and not another classification, is based on tHesman of perspectives on human as well as natural
systems, the claimed generality, and the determinisexplaining perspectives’ rationalities
which makes it suitable for modeling purposes. Tass not mean that the modeling approach
described in this chapter cannot be applied udingralassifications of human behavior (Janssen,
1998). The large number of theories in social s®dorce us to make a choice for one theory
without abandoning the others.

Thompson et al. (1990) borrowed anthropologicabims from Douglas (1982) and
combined these with ecological insights elaboratg#iolling (1973, 1986). Thompson et al.
(1990) claim that notions of human and physicalireaaire socially constructed, and that the four
myths of nature derived from ecologists closelycae with certain ideas of nature. These myths
of nature are in line with caricatures of natueg, fbalanced and anarchic as described by Holling
et al. (chapter 1). The crux of their theory istthacieties can be characterized along two axes,
labeled “group” and “grid” (Figure 9.1). DouglastBwildavsky (1982) proposed the grid-group
typology to characterize societies along two aXée. group axis reflects the extent to which an
individual is incorporated into bounded units. Hreater the degree of incorporation, the greater
the subordination of the individual choice to tlieugp determination. The “grid” axis denotes the
degree to which an individual’s life is circumsa&ibby externally imposed prescriptions. The
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more binding and extensive the range of prescngtithe less scope there is for individual
negotiations. It is the social control that setsyirspectives apart from each other. The group-gri
characterization yields four different perspectif@sworldviews). They inform the individual’s
perception of the world and his/her behavior imitd are labeled in turn as: the hierarchist, the
individualist, the egalitarian, and the fatalist.

grid
+

[ ~@ N

Fatalist Hierarchist

dnois

Individualist Egalitarian

Figure 9.1: Cultural perspectives (Source: Schwatz Thompson, 1990)

Three of these perspectives, or paradigms, areeatiiolders of these perspectives think
they can structure the world. The hierarchist ldgwn the rules. The individualist is the
pioneering innovator. The egalitarian criticizesibhe rules established by the hierarchist and the
exploitative attitude of the individualist. The ftlu category, the fatalist, is passive. The fatadis
a necessary loser in the world of the individuahsid fatalists occupy the lower echelons in the
hierarchy of the world as envisaged by the hieliatckor the egalitarian, the existence of fatalist
is evidence of the injustice and irresponsibilitylee other two active perspectives.

Each individual represents a mixture of perspestigad the mix changes over time. Thus
the adoption of perspectives by actors is a dynamicess. Change occurs because of ‘surprise’,
that is the discrepancy between expected and thalawhich is of central importance in
dislodging individuals from a previously adoptedgpective. Adherents to each of the four
perspectives are, as it were, in competition fov adherents to their particular perspective, bait ar
dependent on one another at the same time. In wibrels, all of the perspectives are needed to
ensure each one’s viability (Thompson et al., 1990)
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Although some use the Cultural Theory to descmioividuals behavior, it has also been
used to describe different types of institutionay®er, 1991; Thompson and Rayner, 1998;
O’Riordan and Jordan, 1999). They (op cit.) onlpsider three ‘active perspectives’, that is the
individualist, the hierarchist, and the egalitaribat correspond to different types of institutions
market, hierarchy and community, respectively (Rayh991; Table 9.2).

Table 9.2: Characteristics of cultural perspectives
Individualist Hierarchist Egalitarian
world view
idea of nature skill-controlled iIsomorphic nature accountable
cornucopia
myth of nature natural benign nature nature ephemeral

perverse/tolerant

concept of human  self-seeking sinful born good, malleable
nature

Management style

Institution market hierarchy community

driving force growth stability equity and equality
type of management adaptive control preventive

attitude to nature laissez-faire regulatory attentive

attitude towards channel rather thanrestrict behavior change social
humans change environment

attitude to expand resource rational allocation need-reducing strategy
needs/resources base of resources

economic growth preferred: aimto preferred: aimto not preferred
create personal  avoid social
wealth collapse

risk risk-seeking risk-accepting risk-aversive

Individualists and market institutions:

Market institutions are based on short-term expectand immediate returns on activities
and investments. Market institutions pay littleeatton to intertemporal responsibility. Future
generations are assumed to be adaptive and inaevatresponse to problems then, just as the
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present generation copes with current market cimmgdit Human impacts on ecosystems will be
reduced by markets only when environmental damagees markets to adapt.

Hierarchists and hierarchy-based institutions:

According to the hierarchy-based institutions, exoit organization and social behavior
are legitimated by top-down rule-bound structuhes intervene in the dominant social order. The
hierarchical regimes contribute to an ordered etghen of the future. Concern for future
generations is strong but balanced by the neetteegdresent generation. Scientific research will
help to identify the boundaries within natural gyss are stable. Often hierarchical institutions use
cost-benefit analysis to help balance the risks.

Egalitarians and communities:

Egalitarian groups feel a strong responsibilitytfoe future, but their trust in formal
institutions is weak. Communities are based ontgquith other actors, nature and future
generation. To reduce the risks to future genaratand to sustain nature, egalitarians prescribe
precautionary measures to reduce disturbances dfagile natural system. Limiting the pressure
on the environment is implemented by voluntary pedilne needs for harmful consumption
patterns.

Of course, in the real world, agents and instingicarely express their views in such a simple way.
They are in constant interaction and have stratgicpublic relations in mind as well. Moreover,
positions may be non-identical or even inconsistdmgn stakeholders and institutions share only
part of the underlying values and judgements. Nibedss, this framework captures the crucial
idea that a set of heterogeneous agents can hifeedi worldviews and related management
styles (Janssen and de Vries, 1998).

Trisoglio et al. (1994) have characterized perspestaccording to two dimensions: (1)
how is the world actually works - the functioningnature; and (2) how should it be acted upon -
the management style or institution (Table 9.3n&nagement style is correct insofar as it is
based on a corresponding view on how the worldtfans. Trisoglio et al. (1994) refer to this
situation as utopian: the management style anddwiesv of agents corresponds with the
functioning of nature. If, on the other hand, a agement style is inconsistent with the way nature
works the situation is dystopian. For example,diggs assuming that the fish population will
recover very fast after each catch will be confednwith a dystopia, when the resource becomes
depleted. Next to collapse dystopias, dystopiasatsmhave a positive bias when resources
recover faster than expected.

Table 9.3: Different combination of functioning rditure and management styles

Institution
Community Hierarchy Market
unstable Utopia Dystopia Dystopia
Functioning | stable within limits Dystopia Utopia Dystopia

8



Chapter 9 Theories for Sustainable Futures June 00

| of Nature | stable \ Dystopia | Dystopia | Utopia |

The literature on utopias has a long history (seexample, More, 1516; Kumar, 1987; Proops,
1989; Achterhuis, 1998). Sometimes utopias are eteas dreamtime scenarios, but Achterhuis
(1998) clearly explained that utopias may be dreainas individual, in practice they will turn out
in nightmares because of the rules which forcerttiwiduals to behave in an utopian way, in the
spirit of “all people are equal but some are mayaad’ (Orwell, 1946). The Orwell novel refers to
the communism regime, implemented in line withdeoiogy on the how the world should have to
function. We now know that the world functions notine with the assumptions of communism,
and the supposed utopian paradise become a dystogistmare. Finally, the communistic
institutions collapsed, although in some countiilesRussia, the system seems to remain irathe
phase.

The previously mentioned doomsday scenarios ofiMaland Meadows et al. can be seen
as dystopias: human behavior and (lack of) poliaresdiscordant with nature’s resource potential
and resilience. Meadows et al. (1972, 1991) hase mlesented scenarios that avoid catastrophe
by combinations of policies - these can be intégat@s utopias. Bossel and Strobel (1978)
simulate utopias by inclusion if explicit adaptivehavior.

Surprises and Institutional Change
The utopia/dystopia approach can be used to expluegiety of images of the worlds’ future
(Rotmans and de Vries, 1997). However, this appraastatic in the sense that an emerging
dystopia does not induce adaptive behavior. Isgstem collapses, the agents do not respond.
Hence, the scenario outcomes are rather implaysibta for utopias as well as dystopias,
although they give interesting insights in the rol@incertainties.

The approach discussed here assumes that the abantge their preferred management
style if observations about the world are surpggnough, that is, if they differ enough from what
they expect on the basis of their world view (Thempet al., 1990). In line with Gunderson et al.
(1995a) the adaptive cycle can be used to deschimeges and adaptation of institutions (Figure
9.2).

Agents' management style can be influenced byt@amgin their myth of nature.
Gunderson et al. (1995a) define the adaptive mddeldescribe dynamics of resource
management institutions based on a large numbeasa-studies.
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Figure 9.2: Four-phase heuristic for institutioaddpted from Gunderson et al., 1995a).

Ther phase is defined as the formulation of a politthis policy is successful this leads to
increasing bureaucratic processes to formalizer@stdutionalize policies. The expectations of
the institutions are mainly based on insights arfidrmation during the time policies were
formulated. Since policy was considered to be stgfaéno new investigation is done on the
guality of the expectations. Those groups with ogespectives on reality, leading to other
expectations and preferred policies, will challengeng institutions. In the event of a surprise th
ruling institution is confronted with evidence thlgir expectations do not hold anymore, which
can result in a crisis. Such surprises can be aladisasters, economic collapses of companies or
nations, epidemic diseases, scientific and teclyidbrevolutions, and so on. After the start of
such a crisis a period will start in which varialternative policies exist how to react to the
surprise. This can lead to the continuation ofrthimg type of institution with new policy
initiatives, or a flip to a new type of institution

The three types of institutions that are definetheprevious sections leads to a scheme of
possible flips between institutions. Each typenstitution can be viewed as a stable state in a
dynamic process, but can flip to another state vehsarprise shakes the existing institutional
system.
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In the following section an application is descdlmn global climate change. Uncertainty,
unclear signals and long time scales are impodi@ments of the climate change problem.
Various myths of nature are claimed to hold fordhmate system by the important stakeholders.
Because of these elements, the global climate eharaplem is a perfect example to illustrate the
modeling of institutional change in line with contipg worldviews.

The model used for this application can be dowrdddaly the reader from the
[NCEAS/Website]. The reader can explore the conseces for alternative assumptions in an
interactive way.

Changing Per spectives on Global Climate Change

Problem Description
During the past two centuries, the atmospheric eptrations of greenhouse gases have increased.
The most important greenhouse gas, carbon diokideeased steadily from 280 ppmv (around
1800) to 360 ppmv in 1990s. Increases in the athergpconcentrations of greenhouse gases will
increase the global mean surface temperature &ahé. However, the magnitude, the rate, and
the patterns of global climate change that thesa@#s will produce is uncertain, and their impact
on the biosphere and humanity is even more uncertai

Understanding the consequences of climate chargeasmplex issue, because of our
limited understanding of the global system andesiolzservations of the climate system are
influenced by various natural factors such asef@mple, volcanic activities, fluctuations in solar
activity and anthropogenic factors such as vamatio albedo due to land use changes, changes in
tropospheric and stratospheric ozone concentradioth sulphur emission from industry.

Per spectives on Climate Change

Given the enormous uncertainties and the impodeohomic consequences of a severe climate
change or strong emission reductions for varioagieaic sectors and regions, it is of no surprise
that many controversies exists around human indale@@te change. Important problems relate
to the unequal vulnerability of ecosystems, thequiakresponsibility for historical emissions, and
the unequal economic and technological perspectivesduce emissions. For example, the
agricultural sectors in Canada and Russia will befiem a climate change, while countries with
large river-deltas like Bangladesh, and the smsdhid states in the Pacific Ocean, will heavily
been affected by a sea level rise. Furthermoresunes to reduce G@missions will have
negative effects for stakeholders like coal prodsigethe USA, and oil producers of the OPEC,
while other stakeholders, investing in alternagwergy supplies will benefit. The institutions as
defined in the last section can be characterizésllasvs for the energy-climate debate (de Vries
and Janssen, 1996; Janssen and de Vries, 1998}lalséication of the Cultural Theory will be
used as a tool to structure the different typesakeholders, and will be used to explore alteveati
scenarios.

Individualists:

For the market institution, entrepreneurial freedomd unhampered working of market forces
gives the best guarantee of increasing materialtivaad at the same time solving resources and
environment problems. If energy supply companiesagerate in a regime of free trade and with
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a minimum of government regulation and interfergpeee signals will steer the transition away
from fossil fuels before they are depleted. The lespurce is human ingenuity: human skills
generate science and technology, which will bripioms one cannot even imagine at the present.
Concerning the climate change debate, the markstutions’ view of a benign natural system
leads them to believe that climate change will liiggated by known and hitherto unknown
dampening feedbacks. The market institution empbaghe opportunities that arise from the
search for new resources and new technologiepgysand conserve energy. Policy measures
like a carbon tax are viewed as unnecessary andcagtaglly be quite harmful to the legitimate
aspiration of the less developed countries to spanomic growth.

Hierarchists:

The hierarchist wishes to avoid disruptions togitm@oth functioning of the energy system in view
of its consequences for economic growth and vatbabior. To this end the hierarchist
institutions of society will anticipate and respamthe basis of scientific expert knowledge.
There is a preference for a risk-reducing contpgraach and for reliance on and legitimation by
the outcomes of cost minimization and cost-berefélyses. The hierarchist will make a prudent
assessment of the potential for energy conservatidrhave an institutional bias towards
large-scale supply-side options. There will be atioas approach to the issue of climate change,
judging it in terms of ‘acceptable risks’. Hieraists will support cost-effective ‘no regrets’
measures that reduce the risk of climate changehby are keenly aware of the fact that fast and
stringent cutbacks in G{&missions may be socially disruptive and createpsiitive
disadvantages. Hierarchists prefer unambiguousnsically robust indicators on which to found
their analyses and policies.

Egalitarians:

The egalitarian or community-based institution esko reduce inequity and stresses the rights of
those without a voice: our children, the poor aatlire. High and rising C{&missions are seen as
one more sign that humans are maltreating the aadhhat this may lead to catastrophes. Being
risk-aversive, community institutions considerualcertain processes and feedbacks to amplify
climate change. They also wish to take accouneedlbacks or catastrophic impacts, which are
strongly disputed within the scientific communi@n the other hand, egalitarians tend to ignore
potential negative feedbacks. This leads to a prate for the ‘precautionary principle’. Energy
futures will be judged not only in terms of codist also with regard to distributive aspects and
ecological impacts. Hence, policies should be basealssessment studies of the possible impacts
from anticipated increases in temperature andeses. INo, or only modest, economic growth is to
be preferred. There will be a preference for deadimed and clean technologies, and therefore a
natural tendency to focus on energy end-use nagtisfliciency. Egalitarian’s estimates of fossil
fuel resources are on the low side, whereas theppuds of renewable energy sources are usually
on the high side, if compared with the hierarchextspective. Egalitarians believe that
development of renewable sources should be strauglgorted by government sponsored
research and technology programs.

Utopias/Dystopias of Climate Change oriented Futures
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A simple integrated model of economics and the af@rsystem is developed to explore different
perspectives on climate change. This model is basexisting economy-climate models, such as
those found in Nordhaus (1994); Manne et al. (1994mmitt et al. (1992) and Lempert et al.
(1996). Previous versions of the model are desdiibbdetail in Janssen (1998) and Janssen and de
Vries (1998). The version used here can be founith@NCEAS website.

In the economic part of the model the economic wugpsimulated as a function of capital
and labor inputs, technological progress and cknshange induced damage costs, EQissions
are related to the fuel mix of supply energy demand the energy intensity. The climate system
describes the concentration of £& a result from antropogenic emissions usinglaced-form
carbon cycle model (Maier-Reimer and Hasselman8719hen the radiative forcing and the
resulting temperature change are calculated.

The economic agents have to decide how much thieynwest from the economic output
in new capital, and how much they will consume tikermmore, they have to decide how fast the
share of fossil fuels should be reduced. Howewemaking these important decisions the agent is
confronted with large uncertainties on the padedfnological improvements in the economy and
of the energy conservation transition. Moreovagdauncertainties exist on the sensitivity of
temperature change due to increasing €é@hcentration, the economic cost of reducing @l
the economic damage incurred to the economy byssilple climate change.

Given the uncertainties in the integrated econotmgate system different possible
functions of nature are defined in model termsagishe myths of nature. Moreover, by assuming
a variety of responses from agents with differerspectives we can define the institutions’
management styles.

Table 9.4: Assumptions for implementing perspestivean economy-climate model.

| Market | Hierarchy | Community

World view
Technologica high Moderat: Low
development
Climate sensitivit low bes-gues high

(0.5°C) (2.5°C) (5.5°C)
Damage cos none moderat high
Mitigation cost: high moderat low
Management style
Investmer maximizing economi stable long term grow no expansion of capit;

growth stock
Climate polic only policy when damag| increase efforts whe fast reduction of use ¢

costs become severe| temperature remains to fossil fuels
increase

The utopia of each perspective is presented asguimat the worldviews of the agents fit
with their management style. By implementing theuasptions of Table 9.4 into the integrated
model projections are derived for economic outfassil CQ emissions and temperature change
for each utopia (Figure 9.3). Note that there &eady differences in the present temperature
change that visualize the different estimates ofid induced temperature change over the last
100 years. In the utopia of the individualist, emmic growth is greater than 2 per cent per year
throughout next century. Because the market insiittexpects only a modest decline in energy
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intensity, CQ emissions soar to over 30 GtC in 2100. In the dveiéw of the individualist, the
climate system is also believed to be quite insesio human disturbances of the carbon cycle
and hence these high emission cause only a smedaise in the global temperature of 0&in

100 years. This temperature change has no sigmificgact on economic activities, so that here
is no policy response and the use of fossil fuelsot restricted.

In the hierarchist utopia, the economy grows dthls rate of 1.5 per cent per year. The
CO, emissions keep increasing and so does tempedtarge. However, the hierarchist
management style responds to the rising temperbjuaecelerating the phasing out of fossil fuels
and the temperature increase can be stabilizebat 4.5° C above present values. This is
assumed to be the upper range of what is consideeptable in many official (governmental)
studies.

In the utopia of the egalitarian, economic grovglapproximately 1 per cent per year and
the CQ emission from fossil fuel combustion start falliafjer 2015 because of the policy to
accelerate the fossil fuel transition. Due to thesitivity of the climate system the temperature
increases still up to 25C in the utopia of the egalitarian.
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Figure 9.3: Economic output (A), G@&missions (B) and temperature change (C) of utopian

futures in relation to climatic change accordingtte three types of institution.
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Interesting situations emerge in dystopias-scesaniovhich the functioning of nature and the
management style are not in agreement. Figurer@gepts the most profound dystopia for the
same three model variables: the nightmare of thétagan. The worldview of the egalitarian is
assumed to be correct, that is, the climate sys&eajuite sensitive to increased €0
concentrations, but economic aspirations and hwelated feedbacks to temperature rise are
based on a management style of the market institultn this situation, with the integrated system
functioning according to the worldview of the etmlian, a management style of the market
institution leads to a collapse in economic devedept due to high economic growth aspirations
together with severe impacts of climate change.drhession reduction measures are
implemented too late to avoid a temperature iner@asxcess of €. This type of dystopia is the
one that has been sketched regularly by enviroratishgroups who fear that the prevailing
economic growth aspirations will spell environméwcttastrophe.
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17



Draft

Changing Per spectivesin face of Climate Surprises
The model experiments in the previous section la@vienportant assumption: that human society
does not learn from observations about how thewedd actually behaves. In the case of a utopia,
since the world fits one’s expectations neitherrga nor adaptation are needed. However, in the
case of a dystopia, there is a mismatch betweeactaqons and observations. In this section
agents are assumed to be able to learn and adaptsavoid a dystopia instead of rigidly sticking
to a fixed policy as disaster unfolds.

According to Thompson et al. (1990), people aremssl to abandon their perspectives in
the event of surprise, that is, if observationfedifrom expectations. People who adhere to a
certain worldview will switch to another one ifdan better explain the observed behavior of the
system. Here, institutions are assumed to follanattlaptive cycle as described in Figure 9.2. This
is implemented by a set of simple rules. For egpbk bf institution a fitness function is defined
which values the difference in expectations aneéntagions of the indicators temperature change
and economic growth. A threshold value of the miummfitness value for the ruling institution is
defined. When the fitness value of the ruling ogiton drops below the threshold value, a period
of crisis starts. The type of institution with thighest fithess value is assumed to be chosereas th
new institution. The longer a certain type of ington rules, the bureaucratic forces that maintain
the institution typically cause it to increasinggyore differences between expectations and
observations. The increasing ignorance can be raddsi reducing the degree that a mismatch
between expectations and observations lowers &@itutnenal fithess. The resulting framework is
depicted in Figure 9.5. The circle represents todogjical economic model of the real system. The
triangle represents the fitness of the differentheyf nature. The point in the triangle represents
the average myth of nature of the population ohégelrhe more a myth of nature fits exclusively
to the observations, the more the circle will mbwvene of the corners. A crisis occurs when the
observed myth of nature differs significantly frone related institution. Based on the worldviews
of the agents, the institutions remain the saméipto another type of institution.
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The dystopias depicted in Figure 9.4, may change time, so that the market institution
becomes unfit and gives way to dominance by thenmonity institution. The results shown in
Figure 9.6 from modeling exercises with changirgiitations. Due to changing management
styles the phasing out of fossil fuels is startadier, which prevents extreme temperatures and
high damage costs.

Three types of possible adaptations are implemefiest, the standard one is denoted by
Learning The market institution remains in power until Q08hen the observed temperature
change differ significantly from expected values] ghe damage costs due to climate change
begin to increase significantly. The shift to a coamity institution leads to a phase out of fossil
fuels around 2050. Compared with the dystopiactiege of institution leads to a reduction of
temperature change of’ L. If we introduce ignorance of a modest degtee atdaptation is
delayed with 20 years and the temperature chang&da is only 0.5 C lower than the dystopia.
When thelLearningcase is confronted with variability in temperatahange, surprises occur
earlier, because of a higher chance of extremetgvéhis results in a somewhat earlier change of
institution. In sum, adaptation of management gbyevents extreme consequences of climate
change. Ignorance will slow adaptation, and clinvaigability can accelerate adaptation.

Learning in a world ruled by uncertainties will Head to utopian values of the main
indicators. Due to the slow dynamics of the carbgeie and the inertia in the energy system, a
build up of atmospheric C&annot be reduced at once. In fact, the rangedseithe utopia and
dystopia indicator values represents the spacessiple paths in case of learning agents.
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For each type of functioning of the system a largeber of simulation runs have been performed
using different initial management styles. It ig sorprising that highest economic outputs are
derived when climatic change is small (Figure 9E€onomic systems adapt to observed climatic
changes. The success of adaptation varies witimitied institution.

What might be surprising is the fact that in a Warhere human-induced climate change
does not occur, economic output over a centurjgisen when the dominant institution initially is
community-based rather than hierarchic. The expiamas that a community institution is
surprised much earlier than the hierarchistic anehat the institution changed earlier to a market
one. This also results in an early relaxation of, @@igation policy.

Based on these sensitivity runs, we can conclualetie market institution can lead to
collapses of the system, while the community ingbhs can result in lost opportunities. The
hierarchical institution is too slow to adapt tomises leading to moderate collapses or moderate
lost opportunities.
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Figure 9.7: The average values of economic outhua(d temperature change (B) in 2100 for
three possible worlds where agents do learn anptaar each possible world, the system can
start with three different types of institutionsor@munity (C), Hierarchy (H) and Market (M).
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What does this modeling exercise tells us? We oasider these scenarios as possible
futures for different type of assumptions. Policd®ed at increasing the capacity for learning,
adaptation and innovation are recommended. Buraaacontrol regimes are likely to reduce the
ability to adapt. Current climate change policiess@ainly focused on technical measures and
institutional regimes to reduce or store £A resilient climate policy would invest more iew
energy supply and demand technology, and sociaphgsical infrastructure. In case our global
ecosystem is sensitive to greenhouse gas emisgibestive learning and adaptation make the
difference between a moderate climate change aadtoaphic climate changes. To improve the
resilient capacity of our global community, we shibiavest in three types of mitigation:

- precautionary: new technology and behavioral pagtean reduce the addiction to £&nd
improve our ability to reduce emissions.

- adaptation: a certain degree of climate change s¢é@lme unavoidable, which leads to
improve the adaptive capability of ecosystems amhemic sectors.

- reactive: Due to the unavailability of climate cganextreme events can occur, which can lead
to important damage of ecological and economicesyst Policies need to be developed to
react on such extreme events.

Conclusion
Surprises are an essential and certain elemehedtiture. To explore possible pathways of the
future, surprises should explicitly be taken into@unt. With regard to resource management the
consequences of surprises for resource manageiasitdtions are of interest. In this Chapter
some examples to model possible reactions of resaquanagers and changing of institutions are
discussed. The use of multi-agent models is ceintthle discussion, where agents here differ in
their worldview of the system and the related pref management style.

It should be clear that the modeling of changingggtions of populations or changing
institutions is in an embryonic state. The exangblelimate change shows the importance of the
mixture of adaptive, precautionary and reactivequed. Precautionary policies are necessary to
limit harmful surprises, but due to the currenbtte of change it is inevitable to prepare for syste
changes. Therefore adaptive policies are necessangrease the adaptive capacity of nature and
society. Finally, surprises can still lead to extecevents not prepared for, such that reactive
policies need to be available.

Various type of models should be explored in thmiog years to understand the
interactions between worldviews, management andystems. Improved understanding of these
relations can improve our insights which typesdafges and institutions are resilient in the longe
term for both society and ecosystems.

Acknowledgements
The author would like to thank Steve Carpenter des@underson and Garry Peterson for valuable
comments on an earlier version of this chapter.

References
Achterhuis, H. 1998. De erfenis van de Utopie (Hegitage of the Utopia), Ambo. Amsterdam.

22



Chapter 9 Theories for Sustainable Futures June 00

Anderson, P., K.J. Arrow and D. Pines (Editors)89Bhe Economy as an Evolving Complex
System, Addison Wesley, Redwood City CA.

Berkes, F. and C. Folke 1998. Linking Social andl&gical Systems: Management Practices and
Social Mechanisms for Building Resilience, Cambeidniversity Press, Cambridge, UK.

Bossel, H. and M. Strobel 1978. Experiments witHilatelligent” World Model, Futures, June,
191-210.

Conte, R, Hegslmann R.and Terna, P. (Editors), 18Biulating Social Phenomena, Lecture
Notes in Economics and Mathematical Systems 456n&qr, Berlin.

Costanza, R. (Editor) 1991. Ecological Economid®e $cience and Management of
Sustainability, Colombia University Press.

De Vries, H.J.M. and M.A. Janssen, 1996. Globatgn&itures: An integrated perspective with
the TIME model, RIVM report 461502018, BilthovehetNetherlands.

Diamond, J. 1997. Guns, Germs and Steel: a shsidrigiof everybody for the last 13,000 years,
Vintage, London.

Douglas, M. (Editor) 1982. Essays in the SociologfPerception, Routledge and Kegan Paul,
London.

Douglas, M. and A. Wildavsky (1982), Risk and CrdtuAn Essay on the Detection of Technical
and Environmental Dangers, University of CaliforRi@ss, Berkeley.

Gilbert, N. and R. Conte (Editors) 1995. Artifictabcieties: the Computer Simulation of Social
Life: London: University of London College Press.

Gilbert, N. and J. Doran (Editors) 1994. Simulatsagieties: the Computer Simulation of Social
Phenomena, London: University of London CollegesBre

Gintis, H. 1997. The Individual in Economic TheofyResearch Proposal, a revised version of an
interdisciplinary research proposal on "Norms aRdeferences' to the John D. and Catherine
T. MacArthur Foundation.

Giovanni, B. and A. Baranzini 1997. Energy Modalllmeyond economics and technology, Center
for Energy studies, University of Geneva.

Gunderson, L.H., C.S. Holling, S.S. Light 1995arrigas Broken and Bridges Built: A Synthesis,
in: L.H. Gunderson, C.S. Holling, S.S. Light (Ed#}p Barriers & Bridges to the Renewal of
Ecosystems and Institutions, Colombia UniversitysBr New York, pp. 489-532.

Gunderson, L.H., C.S. Holling, S.S. Light (Editoi®95b. Barriers & Bridges to the Renewal of
Ecosystems and Institutions, Colombia UniversitgsBr New York.

Hammitt, J.K., R.J. Lempert and M.E. Schlesing&2l® Sequential-decision Strategy for Abating
Climate Change, Nature, 357, 315-8.

Holland, J.H. 1995. Hidden Order — How Adaptatianl@ Complexity, Helix Books,
Addison-Wesley Publishing Company, Reading, MA.

Holling, C.S. 1973. Myths of ecology and energyPhoceedings of the Symposium on Future
Strategies for Energy Development, Oak Ridge, Tak Ridge Association of Universities.

Holling, C.S., 1986. The Resilience of Terrestiabsystems: Local Surprise and Global Change, in
: W.C. Clark and R.E. Munn (Editors), Sustainab&&opment of the Biosphere, Cambridge
University Press/lIASA Laxenburg.

Jager, W. 2000. Modelling Consumer Behaviour, PhBsis, University of Groningen, the
Netherlands.

23



Draft

Janssen, M.A. 1998. Modelling Global Change: TheoAintegrated Assessment Modelling,
Edward Elgar Publishers, Cheltenham UK/NorthampkdA, USA.

Janssen, M.A. and H.J.M. de Vries 1998. The BaftRerspectives: a multi-agents model with
adaptive responses to climate change, Ecologiaah&ics, Vol. 26, 1, pp. 43-65.

Kumar, K. 1987. Utopia and Anti-Utopia in Modernmas, Blackwell, Oxford.

Lempert, R.J., M.E. Schlesinger and S.C. Banke§.18en We Don't Know the Costs or the
Benefits: Adaptive Strategies for Abating Climatea@Gge, Climatic Change, 33, 235-74.

Liebrand, W.B.G., Nowak, A. and Hegselmann, R. {&d) 1998. Computer Modeling of Social
Processes, SAGE Publications, London.

Loomes, G., 1998. Probabilities versus Money: d& ®esome Fundamental Assumptions about
Rational Decision-Making, Economic Journal, 108;-489.

Lux, T. and M. Marchesi 1999. Scaling and critityain a stochastic multi-agent model for a
financial market, Nature, Vol. 397, 498-500.

Maier-Reimer, E. and K. Hasselmann 1987. TrangputiStorage of Carbon Dioxide in the Ocean -
An Inorganic Ocean-Circulation Carbon Cycle Mo@imate Dynamics, 2, 63-90.

Malthus, T., (1789), An essay on the principle @bplation, as it affects the future improvements of
society. London: Johnson.

Manne, A.S., R. Mendelsohn and R.G. Richels 19RME: A Model for Evaluating Regional
and Global Effects of GHG Reduction Policies, inNdikicenovic, W.D. Nordhaus, R. Richels
and F.L. Toth (Editors), Integrative Assessmeriltigation, Impacts, and Adaptation to
Climate Change, 143-172, CP-94-0, IIASA, Laxenbiugstria.

Meadows, D.H., D.L. Meadows, J. Randers and W.Wir@&es 1972. The Limits to Growth,
Universe Books, New York.

Meadows, D.H., D.L. Meadows and J. Randers 199joilthe Limits, Earthscan Publications
Ltd., London.

More, T. 1516. Utopia, Cassel, London (1898).

Nordhaus, W.D. 1994. Managing the Global Commohg BEconomics of Climate Change, MIT
Press, Cambridge, MA.

O’Riordan T. and A. Jordan 1999. Institutions, GltemChange and Cultural Theory: towards a
common analytical framework, Global Environmenthb@ge, Vol. 9 (2): 81-93.

Ormerod, P. 1994. The Death of Economics, FabefFabdr Limited.

Orwell 1946. Animal Farm, New York: Harcourt, Brace

Proops, J.L.R. 1989. Ecological Economics: Rateraald Problem Areas, Ecological Economics,
1, 59-76.

Rayner, S. 1991. A Cultural Perspective on thecBire and Implementation of Global
Environmental Agreements’, Evaluation Review, i@, No. 1, 75-102.

Rotmans, J. and H.J.M. de Vries (Editors) 1997spatives on Global Change: The TARGETS
Approach, Cambridge University Press.

Simon, H.A., 1957. Models of Man, Social and RagloMathematical Essays on Rational Human
Behavior in a Social Setting, New York, Wiley.

Simon, H.A., 1996. The Sciences of the Artificizgh{rd edition), MIT Press, Cambridge, MA.

Schwartz, M. and M. Thompson 1990. Divided we staedefining politics, technology, and
social choice, New York, Harvester Wheatheaf.

24



Chapter 9 Theories for Sustainable Futures June 00

Thaler, R.H. 1992. The Winners’s Curse — ParadardsAnomalies of Economic Life, Princeton
University Press, Princeton NJ.

Thompson, M., R. Ellis, and A. Wildawsky, 1990, @ual Theory, Westview Press, Boulder,
Colorado.

Thompson, M. and S. Rayner 1998. Cultural Discayrise S. Rayner, and E.L. Malone (Editors)
(1998) Human Choice & Climate Change Volume 1: Sbeietal Framework, pp.265-343.

Trisoglio, A., R. Swart, M. Thompson, J. Rotmans[dwlatabadi, A. Rahman and B. de Vries
1994. Scenarios of Climate Change: Making the HuRetor Explicit, Washington: Battelle
Pacific Northwest Laboratories.

Vallacher, R.R. and Nowak, A., (Editors), 1994. Bgmcal Systems in Social Psychology,
Academic Press, Inc., San Diego.

Waldrop, M.M. 1992. Complexity, New York, Simon a8dhuster.

25



