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GUEST EDITORIAL

Welcome to the new issue of the journal for the Interdisciplinary Description of Complex
Systems. With this edition INDECS joins 235 scientific journals world-wide in publishing a
Theme Issue on Poverty and Human Development. The initiative for this campaign came from
the Council of Science Editors and is intended to raise awareness, stimulate interest, and
stimulate research into poverty and human development.

Some of the difficulties faced by research in this particular topic are inherent in complex
systems research in general. The research problems are interdependent and multifaceted.
Research based on direct evidence can only concentrate on a small and tightly-delimited part
of this field. The scientific modelling methods utilized in complex systems research cannot
really circumvent this. But they do offer the possibility of testing and extending our
understanding of the factors believed to contribute to both poverty and development in new
ways. With simulations and other analysis we can come to understand types of interactions
that occur in a dynamic environment. We can then look for patterns and consequences of
these interactions, and then return to real-world data to test the accuracy of our new
understanding.

The contributions in this issue exemplify these possibilities. By aggregating variables as
diverse as global market prices and (village) local production technologies, and modelling
villages as agents, van den Broek, Koning, Hofwegen and Becx simulate the complex
situation in Sub-Saharan Africa. The contribution by Hoekstra, van Arkel and Leurs is
another example of modelling the situation in poor rural areas, this time focusing on monetary
flow. A third related contribution by Smajgl describes the effects of rule-adaptation when
multiple agents have to share common resources.

We have two contributions on modelling as a technique, applied specifically to the questions of
poverty and development. Johnston, Kim and Ayyangar show how the process of building
agent-based models can result in valuable knowledge. Smith discusses the relationship between
economic theories and development, linking a current approach to fighting poverty to research
in complex systems. A further contribution by Neumann compares the models of two different
social phenomena, ethnic mobilisation and hierarchy decline, using as historical background the
breakup of Yugoslavia.

Often the value of understanding how some complex system works is just that --
understanding. In this issue of INDECS we present research for which the real value comes
from approaching an understanding of how the complex of factors that leads to a
disadvantageous situation might best be changed to lead to something better. We hope that
such research will not only bring more insight into poverty and human development, but
might ultimately contribute to the alleviation of poverty worldwide.

20 October 2007 Ivana Cace and Joanna Bryson
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SUMMARY

Institutional arrangements are key drivers of the use of common-pool resources (CPR). The analysis
of existing arrangements requires a framework that allows research to describe a case study
systematically and diagnose the institutional setting. Based on a sound understanding of current
institutions the question of what effects alternate arrangements would have becomes evident. This
step requires a predictive model, which can either be qualitative or, preferably, analyses an empirical
case quantitatively. A major conceptual challenge of a quantitative model is the evolution of rules,
which define the boundaries for the agents to choose strategies. This paper develops the conceptual
foundations for such a modelling approach and an agent-based model for the analysis of institutional
arrangements in a CPR setting.
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Modelling evolving rules for the use of common-pool resources in an agent-based model

INTRODUCTION

Land-use includes different interests, especially, if common-pool resources are involved.
Common-pool resources are often confronted with the threat of being overused because they
are defined by a low excludability of users and high subtractability of use. In situations where
multiple users have access to the resource, individual behaviour determines if a resource is
used in a viable way. Incentives for individual behaviour are defined by so-called institutional
arrangements, including markets as sources for incentives as well as boundaries for
individual decisions. These behavioural regularities [52, p.19] evolve from and depend on
several drivers such as environmental conditions. The context of multiple-use can have a
significant impact on the use of common-pool resources as a diversity of interests is linked
with the common-pool resources, partly preserving and partly exploiting them.

The elements of an institutional arrangement are linked by a complex system. Perturbations
like environmental shocks or exogenous changes in statutory law affect these arrangements,
as the system must adapt to the new conditions. The aim of this paper is to describe how a
predictive tool can be developed in order to evaluate the impact of such changes in
institutional arrangements. This tool aims to simulate the use of common-pool resources in
the context of multiple-use.

Section 2 discusses common-pool resources in the context of multiples-use. Section 3 gives
an overview of the theoretical work on institutional arrangements, followed by section 4,
where the individual dimension of agents and their adaptation process is discussed. Section 5
analyses the impact of links between individual, while section 6 brings the individual agents
and their links together in a systems perspective and analyses the adapting dynamics of the
structure. In section 7 agent-based models are specified for four games and the results of the
scenarios are discussed. Section 8 draws conclusions from this work.

This paper is an updated version of a paper presented at the Tenth Conference of the
International Association for the Study of Common Property (held in Oaxaca - Mexico,
August 9-13, 2004).

MULTIPLE USE IN THE CONTEXT OF COMMON-POOL RESOURCES

This paper is focused on land use in the outback of Australia. Land can be used in different
ways, from planting crops, over grazing cattle to pure transportation purposes. If a resource,
in this case land, is used for different purposes (at the same time) we have a multiple use
context. A multiple user context is defined if more than one person uses the resource for the
same purpose. Multiple user scenarios are widely discussed and common-pool resources
(CPR) are defined for multiple user situations. Generally, goods and resources can be
categorised for subtractability and possibilities to exclude others, see [52, p.7]. Common-pool
resources are of special interest because excluding others is difficult and subtractibility is high.

The case of multiple use and CPR is not in the focus of current literature although the
pressure on a CPR, described in the ‘Tragedy of the Commons’ [27] or in ‘Governing the
Commons’ [51], can include very different dynamics considering multiple use options. This
paper will analyse the connection of multiple use opportunities and CPR in section 7 with the
example of privately owned land that is used for grazing. On this block of land is a gorge that
contains an archaeologically important fossil site but which is also water source for cattle and
a popular site for four-wheel driving. The fossil site can be identified as a CPR. Additionally,
as tourists increase income in the community, a pool of interested tourists becomes a CPR.
Businesses in the community can use this CPR to generate income and the rancher can use
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this pool by keeping them away, as four-wheel drivers reduce the productivity of his cattle by
scaring them away from the gorge. Therefore, this paper includes a renewable resource
(potential tourists) and a non-renewable resource (fossils) as CPRs and combines this with
multiple-use of privately owned land. The land owner, the community businesses, and the
tourism operators act as individuals. All agents form together with the resource and the
institutional arrangement the system.

In order to analyse institutional arrangements in the context of multiple use I first develop the
theoretical background of institutional arrangements. After that I will focus on individuals
and learning as their dynamic dimension, followed by the system in an evolutionary game-
theoretical approach.

INSTITUTIONAL ARRANGEMENTS IN THE CONTEXT OF ECONOMIC
THEORY

Institutional issues were for a long time not part of economic research as the main problems
allowed a broad aggregation of economic entities and activities. Neo-classical approaches
focused on the understanding of the fundamental context of market mechanisms and market
results. For this reason these scholars were able to make restrictive assumptions about human
behaviour. The rationally acting homo oeconomicus with perfect information dominated
economic research. Young [67] puts the focus of neoclassical theory in a way that
“Neoclassical economics describes the way the world looks once the dust has settled; we are
interested in how the dust goes about settling.” In other words, the world does not switch
from one general equilibrium to the next; transitions exist, dust exists. These evolving
interests changed the focus from this principle of general equilibria as an attractor towards
institutional aspects. Nowadays institutional theories provide some of the most important
approaches used to explain economic issues.

This development commenced with Coase [11] where the idea of transaction costs was
introduced. Coase [12] and Hayek [30] improved the conceptual foundation to consider
institutions in economic research. Since then several disciplines have had an important
impact on the direction of institutional economics, namely philosophy, political science, and
social science. While the New Institutional Economics provided a solid theoretical
framework for the understanding of institutions and transaction costs the focus shifted
towards possibilities of applying this work. This shift paved the way particularly towards
(evolutionary) game-theoretic approaches.

Coase [11] begins with the organisation of market processes and addresses the question as to
why companies organise some of their activities inside (‘make’ position) and others outside
(‘buy’ position) of their organisational structure. Coase uses the existence and importance of
transaction costs and institutions to explain the real world and stimulating economic research
in a significant way. Williamson [65] structures Coase work in a very useful way: In his
paper ‘The Nature of the Firm’ [11] Coase focuses on institutions of governance, which can
be called the play of the game, while his paper ‘The Problem of Social Cost’ [12] analyses
the institutional environment, the rules of the game.

Williamson [64] focuses on transaction costs and distinguishes between Institutional
Economics (eg. Commons, 1931) and New Institutional Economics. He comes to the
conclusion that “any relation, economic or otherwise, that takes the form of or can be
described as a contracting problem, can be evaluated to advantage in transaction cost
economic terms.” [64, p.387]. Therefore, according to Williamson all actions between
different parties can be seen as transactions and these transactions result in costs.
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Transaction costs have to be seen in connection with the rules those transaction follow, see [65].
North [47] defines institutions as “rules of a game of a society or formally [institutions] are
the human-devised constraints that structure human interaction.” These rules can be formal,
like statute law, common law and regulations, informal, like conventions, norms of behaviour
or codes of conduct, or they can incorporate “the enforcement characteristics of both™ [48].
Institutions exist because of the need to reduce transaction costs. This means the lower
transaction costs are the more efficient institutions work [48]. The institutional framework
defines the constraints for the maximisation of an organisation’s economic performance.

Institutional change can be a result of changes in formal rules or informal constraints. North [46]
defines five propositions about institutional change:

e The key for institutional change is the interaction between institutions and organisations in
a competitive setting.

e To survive in this competitive setting organisations have to invest in skills and knowledge.

¢ The institutional setting provides incentives that dictate the kinds of skills and knowledge
perceived to have the maximum pay-off.

e Perceptions are derived from the mental constructs of the players.

e Economics of scope, complementarities, and network externalities of an institutional
matrix make institutional change overwhelming incremental and path dependent.

In this approach organisations are groups of individuals, see [47], and can be political bodies,
economic bodies, social bodies, or educational bodies. As mentioned previously, competition
is a crucial aspect for the development of institutions. “While learning is a result of curiosity,
the rate of learning will reflect the intensity of competition amongst organisations.” [47, p.6].
The concept of learning will play a critical role in a later stage of this paper. In addition,
North [45, 49] emphasises the importance of path dependency: Whereby the Cultural heritage
and the specific historical experience of the economy determines institutional change.
“Changing merely the formal rules will produce the desired results only when the informal
norms are complementary to that rule change, and enforcement is either perfect or at least
consistent with the expectations of those altering the rules.” [49, p.3].

Williamson [64] identifies three variables as the main drivers for transaction costs: asset-
specificity, uncertainty, and frequency. These variables provide two essential drivers for
another research field within the area of institutional economics: the focus on property rights
and contracts. The fact that asset-specific investment decisions have to be made under
uncertainty leads to the possibility of investment protection. These drivers are highly relevant
because in most cases information is unequally distributed; one party has more information
than the other one. This leads to a closer view on contracts, see, for instance [66]. In order for
it to be feasible to have different possibilities to securing investment we must assume that
there are visible differences in owning property and the kind of rights, which are connected to
this ownership. Other authors [1, 2, 16] founded the basis for property rights theory.

Demsetz [16] states that “property rights specify how persons may be benefited and harmed,
and, therefore, who must pay whom to modify the actions taken by persons.” With this
definition he develops the concept of distinguishing the need for property rights from that of
the existence of externalities. This allowed him[16] to develop a dynamic definition of
property rights as they change in order to minimise externalities in a dynamic environment.
These externalities can be seen in an inter- or intra-generational perspective, similar to the
concept of sustainable development. If the community owns the property, it is possible that
present generations overuse the connected resources and future generations are
underrepresented in decisions about the intensity of use. In addition, the presence of multiple-
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users can increase transaction costs in a dramatic way, especially by creating free rider
problems (see [2]), and undermining negotiations about the optimal use.

At the same time however, private property can cause various investments to not be
undertaken if they are outside the range of the perspective of an individual. The greater the
numbers of private owners, the higher transaction costs are to arrange investment that
increases the overall benefit. Property rights will be modified over time in such a way so that
“negotiating and policing costs will be compared to costs that depend on the scale of
ownership, and parcels of land will tend to be owned in sizes which minimize the sum of
these costs.” [16, p.358]. These aspects are considered in [2] from another perspective,
whereby the value of an organisational structure is equated with the transaction costs it saves.
This approach corresponds with Coase’s [11] initial theory about the fact that for the
existence of transaction costs (different) organisations exist.

The theoretical discussion provides the understanding of institutions. An applied analysis of a
real-world case requires not only the ability to analyse a situation qualitatively but also a base
for a simulative capacity with which to evaluate effects of changes [59]. This simulative
dimension is covered by different quantitative approaches. For instance, Johnson, Kaufman
and Zoido-Lobatén [38], Hellman and Kaufmann [33] or Beck et al. [4] use econometric
instruments to work on different elements of institutional arrangements in order to measure
the quality of institutions. Another approach is the modification of game-theoretic approaches
for institutional issues. In this paper we will focus on agent-based models. Before we develop
the game-theoretical framework for our model we discuss in the following section the question
about how to model individuals and their behaviour as defining agents in a game is a crucial step.

MICRO-LEVEL: INDIVIDUALS ADAPT BY LEARNING

The field of constitutional economics is related to political economics, public choice theory
or public law and implements the normative perspective on market behaviour and results. A
core question is, as cited above, “Why do persons choose rules that seem to constrain or limit
their choices?” [8]. Rawls [54] developed the theory of justice as fairness, used in the first
framework of this research field, by analysing the normative perspective of action choice.
Normative means that there is a perception about ethically right and wrong behaviour that is
mainly defined by Rawls’ criterion of reciprocity:

“Citizens are reasonable when, viewing one another as free and equal in a system
of cooperation over generations, they are prepared to offer one another fair terms
of social cooperation... and they agree to act on those terms, even at the cost of
their own interests in particular situations, provided that others also accept those
terms. For those terms to be fair terms, citizens offering them must reasonably
think that those citizens to whom they are offered might also reasonably accept
them.” [55, p.XLIV].

This approach has to be seen in a tradition of Kant who founded the theory regarding the
deduction of ethical principles from rationality. On this theoretical basis stands also the
Frankfurt School of thought, with popular representatives like Luhman, who founded the
system theory, and Adorno and Habermas. This German scholar emphasises the difference
between action as individual behaviour and rules or, as Homann [36] defines it, between the
constitutive and the operational level. Economic incentives only determine rules directly and
not the action of an individual which underlies in this approach strictly the rules. This means
that individual behaviour is bound to rules and as they are complementary to economic
incentives, the rules are self enforcing. The reliability of individual behaviour is therefore not
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given by the moral commitment of the individuum as Kant defined, but by the definition of
complementary rules, see [36].

This approach implements the same mechanism the game theoretical approach develops and
states, as Hobbes points out in Leviathan, that a rule can only be enforced if all parties accept
the rule. This theory confirms the context of path dependency described in [49], mentioned
above. As Homann states [36], the normative validity of a rule depends on sufficient
implementation and it is the implementation, which provides the validity.

The question is how rules can be influenced or created that are acceptable and at the same
time allow a sustainable use of common-pool resources. Firstly, it has to be stated that the
concept of sustainability as it is defined, for instance, in the Brundtland Report [6], was
developed from the tradition of social justice, which was primarily moulded by Rawls.
Secondly, the individual acceptance depends on individual goals. Most economists help
themselves and simplify reality by assuming a homo oeconomicus. But as we have seen
above, constitutional economics allows a broader view on the motivation of individual
behaviour. Schramm [57] gives a systematic view on the different approaches on the extent to
which individual behaviour is dominated by economic incentives or ethical considerations
and states that there is no consensus on this in normative theories.

This makes it difficult to step from a normative analysis to a positive one and it is no surprise
that Voigt [63] concludes that there is not much research done in positive constitutional
economics. However the comparison of alternative institutional arrangements requires a
positive approach: “Comparing institutional analysis asks how alternative institutional
arrangements effect (economic) outcomes.” [63, p.19]. This does not mean that only existing
institutional arrangements can be compared but also possible arrangements with an empirical
reference, as developed by laboratory settings. An essential element in such an empirical
approach must be the evaluation of individual behaviour and the extent to which it is driven
by economic incentives on the one hand and ethical considerations on the other. Without this
knowledge the definition of complementary rules would be part of a trial-and-error process.

Buchanan and Tullock [7] state that every individual will try to minimise his or her own costs
in the choice of an institutional arrangement: “For a given activity the fully rational
individualist, at the time of constitutional choice, will try to choose that decision-making rule
which will minimize the present value of the expected costs that he must suffer.” [7, p.70].
This approach shows a clear emphasis of economic incentives in the individual’s action
choice. Buchanan and Tullock limit this optimisation behaviour not only to material goods
but include also immaterial effects and thereby explain institutional/constitutional aspects
using economic mechanisms. The individual decision weighs up reduced possibilities and
increased conditions. In later works Buchanan shifts from a position dominated by homo
oeconomicus to a morally constrained one (bounded rationality).

Buchanan and Yoon [8] state that there are three reasons for individuals to create rules. The
first one is to reduce the temptation to behave how the individual feels they should not
behave. The second reason is to reduce the complexity of the decision making process. The
third reason is to “constrain collective actions that might be undertaken without the explicit
consent of the individual who evaluates her role as a participant in post-constitutional
politics.” [8]. This dynamic perspective gives a significant meaning to constituting the
institutional arrangement from the individual perspective. An alternative approach is
presented by Hayek [31, 32], who defines rules pertaining to institutions as a result of cultural
evolution. The connection between the community level of (cultural) evolution and the level
of individuals is obvious. Therefore we analyse in the following section learning mechanisms
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on the individual’s level and interpret them as a driver for the evolution of rules at a
community level.

Evolution of rules refers to the incorporation of individual incentives (long-term and short-
term optimisation). On basis of their objectives individuals perceive their environment and
changes to their environment and they learn to recognise particular elements, how these
elements are connected and where the drivers are. Therefore, an applied model has to
implement a context-specific learning mechanism. Learning can take place on an individual
level or on a group level.

The three elements Tesfatsion [61, p.292] lists point out two levels and, as the core point of
this analysis, the link between the two of them. The agent adaptation is focused on the
dynamics at an individual level. Learning incorporates the process of delivering the feedback
from the system to the individual. The evolution of a system requires the analysis of drivers
of a change of this system, for instance, the institutional arrangement. The latter point
includes the feedback coming from the individual level because individual’s behaviour is a
main driver for a change of the system. Young [67] puts his analysis of learning under the
title “Individual Strategy and Social Structure” which describes the same levels.

In reality this is an ongoing process of (1) signals perceived and processed by the individual
and (2) feedback given to the system which is processed on that level and produces changes.
Crucial for the application of agent-based models in real-world case studies is the definition
of these two dynamic mechanisms. Before we discuss the possibilities to define mechanism
(2) we will discuss different learning mechanisms, which defines point (1).

Brenner [5] gives a comprehensive overview of learning in agent-based models.
Young [67, pp.27-28] summarises the variety of learning mechanisms into four main groups.
Natural selection describes an evolution where those agents with high payoffs have a higher
population than those agents with low payoffs is modelled in so-called replicator dynamics.
Imitation means that agents copy successful strategies of other agents and focuses obviously
more on the agent’s decision making process than on natural selection. Regardless of other
agents’ behaviour reinforcement dynamics are based on the agent’s own payoff. This
mechanism defines the experience link between chosen strategy and the yielded payoff of an
agent for their present strategy choice. The fourth learning mechanism is best reply in which
the agent compares the outcome of different combinations of their own strategies with those
of other agents in so-called fictitious plays. This mechanism implements very different
approaches regarding how far the agent is able to forecast and process another’s strategies.

A B
A 10/10 0/0
B 0/0 1/1

Fudenberg and Levine [25] give an overview of different mechanisms of so-called
sophisticated learning mechanisms. An essential approach for our problem is the
consideration of reputation. Reputation describes a mechanism where by past actions of an
agent determine the expectation held by other agents. Additionally, reputation can describe a
situation where one agent behaves myopic and the other agent has a competent understanding
of the effects the strategies of both agents have on the system.

The sophisticated agent will try to teach the other agent to choose strategy A, which
maximises the payoff of both players. In a Stackelberg game A/A would be the solution for
all periods if the rational player moves first. Fudenberg and Levine [25, pp.264-266]
demonstrated that this outcome depends highly on the difference between the payoffs of A

62



Modelling evolving rules for the use of common-pool resources in an agent-based model

and B and on the behaviour of the myopic agent. In a noisy environment — the myopic agent
tends to randomise their strategy choice — it becomes reasonable that both agents behave myopic.

The existence of a rational player simplifies the game and its learning mechanism. Kreps and
Wilson [40] analyse a game with reputation and imperfect information. In a game where a
possible entrant faces a monopolist and the entrant doesn’t know about the monopolist’s
payoff function, beliefs become a function of the monopolist’s reputation. The equilibrium of
the game highly depends highly on beliefs and Kreps and Wilson [40] show that solutions
like the chain-store paradox' [58] only appear when the reaction of the monopolist is defined
as common knowledge. Under imperfect information other equilibria result. While Fudenberg
and Levine [25] give a broad overview on existing learning mechanisms Chen and
Khoroshilov [10] focus on learning under imperfect information. Their simulations show that
the implementation of beliefs, like in experience-weighted attraction learning in Camerer and
Ho [9], leads to less stability than in reinforcement models because the agents keep all
strategies over all stages active. Camerer and Ho [9] formulate with their learning mechanism
a bridge between fictitious games modified with weighted beliefs and reinforcement models.
This approach defines the strategy choice as a function of expected payoffs. These expected
payoffs depend on (1) the periodical payoff as a function of the own strategy and the
strategies chosen by the other agents, and (2) the agent’s belief. This belief depends on the
strategies, which the agent perceives other agents choose.

Oechssler and Schipper [50, p.137] point out what Harsanyi [28, footnote 2] stated much
earlier; there is far more extensive research done in the field of (learning with) imperfect
information than (with) incomplete information®. Our problem falls into the category of
incomplete information.

With the goal of modelling real-world learning processes, some analyses try to find learning
mechanisms for games with incomplete information and mixed strategies with the help of
experiments. Such approaches look for patterns to describe dynamics in observed data. Erev
and Roth [19] develop a reinforcement mechanism and combine it with forgetting and
experimenting to explain changes in the strategy choice of agents. Sarin and Vahid [56] work
on the same data as Erev and Roth [19] and develop a simple repeated game to explain the
learning process. Oechssler and Schipper [50] collect their own data in experimental
situations, focussing on the approach of Kalai and Lehrer [39] to define subjective Nash
equilibria. In such a subjective view one agent can realise a single equilibrium while another
agent perceives multiple equilibria. Following this approach, the main question is whether or
not agents learn to perceive a game correctly. Their experiment compared the ability of agents
to guess the payoff function of the other agent over the range of different games. Although this
ability often does not seem to be very high, the games are close to Nash equilibrium. This is
important for our problem as according to Aoki [3] a rule is established in form of equilibrium.
Oechssler and Schipper [50] compare the reinforcement learning in Erev and Roth [19, pp.859-862]
with that of Sarin and Vahid [56] and find that both describe their data reasonably well.

In addition to learning about other agents, individuals learn by perceiving and processing effects
of Nature. Dekel, Fudenberg and Levine [15] focus on learning about Nature’s moves and on
the existence of equilibria. Modelling a real-world situation means that individual learning
has to implement an agent’s own and others’ behaviour as well as Nature’s moves. Before an
agent-based model will be specified the following section provides a game-theoretical base.

RULES EVOLVE AND CONSTRAIN INDIVIDUAL STRATEGIES

In this section game theory is used to analyse institutional changes and to develop a
quantitative method to formulate simulative capacity with which to evaluate policy decisions.
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Game theory primarily uses the expression rules according to strategies. Every agent has an
action choice that contains the different strategies the agent can choose from.

Harsanyi [28] uses rules as a term for the model specifications, which comes close to the
definitions given above. He uses rules to define the difference between games with complete
and incomplete information: They differ “in the fact that some or all of the players lack full
information about ‘rules’ of the game... For example, they may lack full information about
other players’ or even their own payoff functions, about physical facilities available to other
players or even themselves, about the amount of information the other players have about
various aspects of the game situation, etc.”. Harsanyi [28] use of rules is on a different level
to that of strategies and his rules correspond with those of other [12, 47].

By this definition, rules and norms are seen to be on a higher level than strategies as rules and
norms are defined by a group rather than on an individual level. While a strategy can be
“Pump 20 I/min” and another one “Pump 100 1/min” a rule has the form “No individual is
allowed to pump more than 50 1/min at all times from aquifer X or else he gets fined by local
police”. Formal and informal rules restrict the individual action choice.

Crawford and Ostrom [13] define in their Grammar for institutions a general structure of
rules for institutional statements. These are build out of the elements attributes, deontic, aim,
conditions and or else. Their examples is (see [13, p.584]):

attribute | deontic aim conditions or else
“All let their animals . or else thp village Who
villagers must not trample the at all times | owns the livestock will be
irrigation channels levied a fine.”

Mittenzwei and Bullock [44, p.10] add the enforcing mechanism as a sixth element:

attribute | deontic aim conditions or else enforcing
“The pay a reward | conditioned on | or else the 1peing

landlord must r=ay+b the peasant’s | landlord has | levied by a
to the peasant output y topay a fine C court.”

These rules restrict the individual strategy choice, which leads to the question in Buchanan
and Yoon [8] “Why do persons choose rules that seem to constrain or limit their choices?” If,
for instance, the short-term optimising view of individuals has an ecological footprint, which
does not conform to social preferences, institutional arrangements like rules will be formed to
avoid unsustainable behaviour. Ostrom [53] structures rules in a very useful way, by stating
that rules have to be seen in the context of (1) enforcement and (2) moral behaviour.
Enforcement is the essential point Eggertsson [18] sees for individual behaviour. Harsanyi [29]
delivers another useful definition of the two core drivers for incentives: “People’s behaviour
can largely be explained in terms of two dominant interests: economic gain and social
acceptance.” Fehr and Falk [20] point out the importance of the social approval of individual
behaviour and stress the importance of feedback effects as the presence of approval motives
may lead to permanent negative effects on rule compliance. Feige [21] and Leitzel [41] point
out that formal rules can be perceived as bad rules. This maintains an essential dynamic
because, as Aoki [3] states, changes in institutional arrangements are (merely) caused by
disequilibria if incentives for individuals don’t match with formal (or informal) rules. This
may lead to a process that changes the formal (or informal) rule. The institutional
arrangement defines how this disequilibrium is solved, how the group level is transformed by
the level of individuals.

The three main questions are therefore:
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e What preferences do individuals have?
e How are these interests organised on a group level?
e How are these rules enforced?

The first question is in the domain of constitutional economics and was discussed in section 4.
The second question refers to the process of formulating informal and formal rules, while the
third question is concerned with the organisation of the rules’ enforcement. While we assume
for this case that the enforcement of rules happens endogenously in a small system by social
pressure and monitoring is not necessary, the following section focuses on the second point,
the evolution of rules.

MACRO LEVEL: SYSTEMS ADAPT BY EVOLVING RULES

Games based on common-pool resources focus primarily on the users’ behaviour. Changes in
behaviour are treated differently in game-theoretic literature. One scholar defines it as a
dynamic game with incomplete information, and they analyse questions like moral
reputation, moral hazard or signalling. The second scholar follows the biological
interpretation of evolutionary games. Friedman [22, p.637] defines evolutionary games as
games where “each individual chooses among alternative actions or behaviours whose payoff
or fitness depends on the choice of others. Over time the distribution of observed behaviour
in a population evolves, as fitter strategies become more prevalent.”

The dissimilarity between the two approaches is expressed quite differently by a number of
authors. Friedman [23, p.1] points out that “Strategic interactions over time can be modelled
as an evolutionary game if the players do not systematically attempt to influence other
players’ future actions and if the distribution of players’ action changes gradually.” However,
Gintis [26, p.211] sees the difference in another perspective: While traditional game theory
analyses, for instance, the fight between a predator and its prey, evolutionary game theory
focuses on how predators “fight among themselves for the privilege of having their offspring
occupy the predator niche in the next period and improve their chances by catching more
prey.” In this sense the same game can be set up in an evolutionary way. As our main focus is
institutions (equilibria) as an effect of changes in behaviour, Fudenberg and Tirole [24, p.28]
give a relevant statement on the application of Nash equilibria: “It can be used to discuss the
adjustment of population fractions by evolution as opposed to learning.”

In our game with common-pool resources the rules evolve on a Meta level. As rules
determine the availability of strategies the action choice evolves according to equilibria at the
level of rules. While this Meta level is modelled in an evolutionary process the individuals
change their knowledge, attitude and expectation in accordance with their learning. For this
reason learning was discussed as an overview in section 4. In this section we will stay at the
level of rules of the game. If the aim is to interpret equilibrium (as the outcome) of a game as
an institution we have to acknowledge the existence of two different equilibrium concepts,
the Nash equilibrium and the Evolutionary Stable Strategy (ESS).

Other authors [42, 43] combine the mathematical approach with the biological perspective
and develop an evolutionary concept of equilibria in games. Species have strategies in the
form of their genotypic variants and in repeated, random pairing of players an (evolving)
equilibrium results. Perturbations occur by mutations. A strategy (genotype) is evolutionary
stable if the mutant cannot invade the species. Taylor and Jonker [60] proved that an ESS is
sufficient for stability in dynamic games. Young [67, pp.44-65] discusses dynamic and
stochastic stability of such equilibria and Gintis [26, p.150] provides the link to traditional
(and modified) Nash equilibria: “A Nash equilibrium in an evolutionary game can consist of
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a monomorphic population of agents, each playing the same mixed strategy, or as a
polymorphic population, a fraction of the population playing each of the underlying pure
strategies in proportion to its contribution to the mixed Nash strategy.”

Friedman [23] analyses experimental results of equilibria in evolutionary games. He uses the
Hawk-Dove game and confirms the assumed small group effect that agents will seldom try to
influence the other agents’ behaviour. Kantian behaviour (behave how you expect others to
behave — cooperative attitude) dominates games in groups with up to 6 persons playing
Prisoner’s Dilemma. (At the same time this experiment shows when large games begin.)

The discussion of equilibria leads to the core point of institution modelling. This step
analyses the possibilities of interpreting equilibrium as a rule. While most of the work on
institutional patterns assumes rules to be given (exogenously), game-theoretical approaches,
especially the evolutionary field, focus on dynamic aspects of institutions and assume that
rules are the result of behaviour. This means that a rule can be defined technically as
equilibrium of the behaviour of different agents. Excellent introductions to the game-theoretic
approach of institutional economics are in [3, 67].

Hurwicz [37] sets up a non-cooperative multi-stage game with a finite number of moves and
n players and uses the resulting decision tree in the extensive form game to show how end
nodes and branches can be used for institutional reasons. Branches can be used to analyse
transaction costs, while end nodes demonstrate which moves result in a Nash equilibria.

Mittenzwei and Bullock [44] build on this approach and set up a similar game, which they
call Game with Institutions. In their approach an institution player exists and is dealt similar
to Nature as a non-player. The game is defined on three levels: The first level is called
institution forming, the second institution applying, and the third institution dependent.
Players and Nature play on the first and third level, while the institution player plays
(strategically) on the second level. An institution is presented as the strategy, the institution
player makes their choice on the second level which then determines the action choice on the
third level and therefore also (together with Nature’s move on level three) the players’
outcome. The location of the driver for the institution player and the strategies this non-player
can choose from remain open.

Aoki [3, p.10] characterises institutions as “a self-sustaining system of shared beliefs about a
salient way in which a game is repeated.” With this approach he distinguishes between the
equilibrium-of-the-game view, which is based on evolutionary game scholar, from the
rules-of-the-game scholar (for instance [37]) which dominates the theory of New Institutional
Economics described above.

Aoki [3] visualises this evolutionary approach by Figure 1. Institutions are constituted by
beliefs of agents and are (partially) coordinated by summary representations. Summary
representations stand for compressed information which agents take as given. On the basis of
these beliefs the agents chose their strategies, in other words, the strategies are constrained by
the beliefs. Jointly the strategies of all agents constitute equilibrium. This equilibrium of
agreed strategies confirms the summary representation (compressed information).

The sets of environments E, with ¢ € E, and the environment-dependent equilibrium paths
s'(e) and s” (e) are represented by the compressed information (summary representations)
" and =", The equilibrium path S*(e) or S**(e) is generated by the summary representation
¥, respectively ¥, and ‘residual private information’ I;'Is (e)], with I, [s (8)] = Xi's (e) ~ 2.
In this process the equilibrium paths themselves reaffirm the compressed information X,
which reproduces the institution. In this dynamic the institution becomes self-sustaining on E.
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Figure 1. Game-theoretical approach to systemise institutions, see [3].

The agents have no direct control over institutions. The summary representation
(compressed information) coordinates the agents’ expectations and helps them to find the
‘corresponding’ strategy (action choice).

But what if the results of each game are not in accordance with expectations? This can occur
as a result of external shifts such as technological innovations, environmental threats, by internal
cumulative issues from distribution effects (eg. power, assets) or mutant strategies. Aoki uses
this argument to differentiate the subject cognition (which defines the subjective stage of the
game) from the general cognition. If enough expectations differ from the games’ result it is
possible to get a general cognitive disequilibrium. Such disequilibrium instigates the search
for new strategies. These new strategies are in contradictory to the shared beliefs and through
this learning process, new institutions are developed based on subjective game models.

SPECIFICATION AND SCENARIOS OF THE AGENT-BASED MODEL

Based on the evolutionary game-theoretical approach, in this section I develop a model for
the context of CPR and multiple use issues. In order to develop simulative capacity for a real-
world situation I do not describe the decision making process by differential equations — see
for this area of game-theory Fudenberg and Tirole [24, p.521] or Gintis [26, pp.164-187] but
as an agent-based (or rule-based) approach.

Agent-based models (ABM) or agent-based computational economics (ACE) allow analysis of
“evolving systems of autonomous interacting agents” [61, p.281]. As Deadman [14, pp.161-162]
points out, ABM defines a bottom-up approach and instead of defining the overall behaviour
“this overall behaviour emerges as a result of the actions and interactions of the individual
agents.” The modeller defines the initial conditions of the game, which includes, for instance,
how many agents exist in the first period, and how much of a common-pool resource is available.
Critical for the specification is the definition of strategies for each of the agents (action choice)
as well as the if-then conditions. “The result is a complicated dynamic system of recurrent
causal chains connecting agents’ behaviours, interaction networks, and social welfare
outcomes.” [61, p.1]. In-depth descriptions of ABM can be found in, for instance, [34, 35].

In this approach I will apply an agent-based model to mimic the evolution of rules as
institutions and include the context of multiple use. Crucial for the problem are the

67



A. Smajgl

mechanisms that drive the dynamics of the system, which includes the common-pool resource.
Tesfatsion [61, p.292] raises in this context an important question: “How should agent
adaptation, learning, and evolution be constructively represented in these artificial economic
worlds?” The previous sections were focused on these three elements placed on two levels.
The following part defines an agent-based model for an applied common-pool problem.

As I focus the modelling exercise on multiple-use issues in combination with a common-pool
dilemma I have to include diverging interests in the use of one resource. In this case I assume
one rancher in Australia’s outback who leases his land and makes his decision on how much
cattle he puts on the paddock, a decision that depends on expected rainfall. Additionally, I
assume that on the land he leases there is a gorge with an important fossil site, which several
national and international archaeologists try to preserve.

The multiple-use issue is extended by another dimension by considering tourists approaching
the land for four-wheel-driving, a famous activity in outback Australia. Several groups of
tourists access the land without the permission of the rancher. As the tourists are perceived as
creating additional income in the local community a very vocal part of the community has an
interest in an increasing number of tourists visiting the area. The problem is that uncontrolled
four-wheel driving is likely to cause significant damage to the fossil sites. Additionally, four-
wheel driving happens mostly in the mud regions around the gorge, which scares the cattle
away and reduces the productivity and, therefore, the income of the rancher. It is obvious that
(uncontrolled) four-wheel driving is not in the interest of the rancher.

The question is how the community of interest organises its individual interests on a
community level and how the rules organising the system evolve on the background of
multiple use opportunities. In the case described above two main CPR can be identified. First,
the archaeological site that is used by different groups, archaeologists for research, the public
just by knowing it exists, and the four-wheel drivers as part of the ideal driving area.
Secondly, is the pool of potential tourists a CPR, in order to allow the community to increase
its income and to allow the rancher to protect his land from decreasing productivity.

The i agents with i = 1, ..., n have a strategy choice 2} with s;' € Z'andj=1,...,m. Ina
multi-stage game the agents move simultaneously (normal form game). The two main control
variables in the action choice of the agent rancher is ‘fencing’ FC' and ‘number of cattle’
NOC'. The rancher starts with ‘no fencing’ as fencing and the emplacement of locked gates is
linked with significant annual costs of $ 2000. The rancher has to decide before the start of
the wet season on the number of cattle. The decision is based on last year’s rainfall. I assume
an indicator ' for rainfall, which goes from 0 (no rain) to 1500 (heavy rainfalls). It is
common knowledge that the block of land of this rancher can carry a livestock of 600 cattle
at an average rainfall. The rancher needs a minimum livestock of 200 cattle to secure a
minimal income. Therefore the rancher will put a livestock of 200 on the paddock even
expecting a very dry year. Additionally, I assume that even in very wet years the paddocks
cannot carry more than 1000 cattle.

A significant influence for the condition of cattle is their access to the gorge. I assume that
NOC not only represents the number of cattle but includes also an average weight, which is
important for the profit function later on. Four-wheel drivers that drive along the gorge
without caring about cattle scare the cattle away. Therefore, the weather-dependent term is
multiplied by a ratio that represents the impact of uncontrolled four-wheel driving UWD".
This multiplier assumes that the higher the level of UWD' is the more of the maximal impact
S decreases NOC'. I assume for these simulations a maximal impact of £ = 0,5. This means
that even if UWD' doubles over time it can reduce the condition of livestock by 50 %. On the
other extreme, if UWD' is zero, the cattle is not impacted at all.
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Therefore, the function for the weighted number of cattle is defined as follows:

t
(1+§3$BJ-(600+200-}L7050} it y' =750,
NOC' = v
t
(1+§3wgl)600, if y'=750.

The fossil site is the common-pool resource @. Its condition depends highly on the amount of
four-wheel drivers frequenting the gorge. One type of driver has higher priorities in
preserving the site and drives responsibly, the other type values the driving much higher and
does not care or does not know about the damage of driving. Lets assume there are 1000
drivers and 90 % of them belonging to the group of irresponsible drivers that do not control
where they drive, UWD". Ten percent of the tourists control their driving to preserve the fossil
site in the gorge, CWD". I assume that both types of drivers are part of a potential pool of
tourists. This pool is increasing as there is a rising interest in four-wheel driving and as that
site becomes more and more famous for good four-wheel driving. The following discrete
function shows how the number of potential tourists grows in time.

NTO'"! = NTO! + 10t with  NTO'! = 1000.

As four-wheel driving is more exciting with higher rainfall ¥/ the actual number of drivers on
the paddock varies with rainfall and follows, additionally, the main path of the potential tourists.

UWD" =UWD' - NTO™ /NTO' +0,9-q- (¥ —750),
CWD"!' =CWD'-NTO"'/NTO' +0,1-q- (‘P‘“ - 750)-

The difference between dry and wet years is important but to smoothen the amplitude of
these reaction functions I assume q = 0,5.

The condition is that the fossil site decreases as the more uncontrolled four-wheel driving
UWD' happens. As this condition is not reversible the site has to be modelled as a non-
renewable resource. I assume the following linear function:

0" =e'-UwD"' /400 with  ®'=1000.

The rancher’s profit is defined by the following function:
7 =NOC"600.

This means that the rancher can get an average price of $ 600 per cattle.

It is obvious that UWD" has an impact on NOC' and therefore on 7. First scenario assumes the
rancher does not realise this impact, which means that no learning takes place. In such a scenario
80 % of the fossil site would be destroyed after 40 years. Figure 2 (a) shows the decline in the
grey area. The columns present the stochastic influence /, the light grey line on the bottom
the number of CWD' and the white spotted black line on the top UWD'. After 40 year CWD'
and UWD' have each increased by 40 %. Figure 2b shows the periodical pay-off of the
rancher (grey line) and the rainfall (columns). The range in which the weather dependent
profit varies decreases for rising UWD".
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Figure 2. Results for scenario 1. a) Indices for condition of fossil site (FSS), controlled four-wheel
driving (CWD), and uncontrolled four-wheel driving (UWD) and rainfall, b) profit for rancher in $
1000 and rainfall.

One of the main interests of this paper is the effect of knowledge on the evolution of rules.
Therefore, in the next step knowledge is implemented. At the beginning of every period the
rancher observes the payoff of the last move 7' and Nature’s move /. Additionally, the
rancher perceives tourists driving on his paddock mostly around the gorge that scares the
cattle away. His attitude towards four-wheel driving starts as being neutral. But he learns as
he identifies the pattern

Unprotected gorge means

e more four-wheel drivers means

less productive cattle means

less profit

The implementation of reinforcement dynamics shows the rancher that his strategy choice ‘no
locked gates’ has a negative impact on his pay-off. In other words, the rancher realises that
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today’s fencing decision has an impact on tomorrow’s pay-off. I assume that the rancher has
to identify this pattern three times to become active. The moment the rancher realises the
reduced productivity is caused by the four-wheel drivers, he starts installing locked gates,
which takes him one period. Another reason for a decrease in production can also be the
difference between expected rain and actual rainfall. Technically, the rancher accumulates
knowledge points for each identified pattern. Costs for additional fencing, gates and locks for
the rancher are $ 2000 per period. We assume that even this fencing strategy can just reduce
UWD' by 40 % but as the rancher does not distinguish between UWD' and CWD' both parties
decrease by 40 %.

This reinforcement learning takes part on the individual level of the rancher and it helps
increasing the profit over 40 years by another $ 2089.

Assuming that the strategy locked gates is able to reduce the overall driving by 40 %, for the
community this means that 40 % less tourists visit the area and spend their money in local
shops and restaurants. In the third scenario we assume that also this agent (a vocal part of the
community) learns about this link and identifies the pattern:

e Fenced property of the rancher means
e less tourists means

¢ less community income.

At the same time a third agent represents the local interest in preserving the fossils and they
learn about the pattern:

e Fenced property of the rancher means
e less tourists means

e Dbetter protected fossils.

In this third scenario all three agents start learning based on their patterns. In the moment
they accumulated their knowledge (again three identified cases to realise the pattern) the
agents communicate their interests on the community level. According to Aoki [3], the agents
signal disequilibrium. In terms of institutional arrangements a bottom-up process is initiated
that leads to a formulation of a new rule, in this case an informal rule.

To explain the general approach of this paper this essential step from individual learning to
evolving rules has to be developed: As a result of (best reply) learning, agent i may want to
influence other agents’ behaviour whose strategy choice has a negative externalities on i’s
future payoff, like the rancher’s strategy reduces the communities income. One option is to
influence the other agent in the form of reputation (see above). Let us assume that there are
three agents. Essential for their strategy choice are their expectations, attitude and knowledge.

Expectations are implemented as a set of beliefs 2", which are subjective and can change in
time. Beliefs exist for Nature’s move, the future condition of the common-pool resources
FSS' and NTO" and the other agents’ strategy choice, ' = Q'(y/, NTO', FSS', Sjt).

Attitude @; is a long-term element with important meaning for the dynamics and we assume
that it will not change in time (and therefore has to be treated as a parameter). This
assumption implements path dependency — see [45, 49] — in such ways that knowledge does
not change the behaviour immediately, but includes attitudes as slow moving (in this case
constant) variables, that work like a filter for perceived information.
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Figure 3. Results for scenario 2. a) Indices for condition of fossil site (FSS), controlled four-wheel
driving (CWD), and uncontrolled four-wheel driving (UWD) and rainfall; b) profit for rancher in $
1000 and rainfall.

The essential influence of attitude is in the perception of new information. New information
might be accepted as correct but if the agent’s goal is, for instance, connected with a hit-and-
run strategy, any information about long-term effects might be ignored if the agent’s utility
function contains only profit. Section 4 discusses the importance of economic indicators for
individual behaviour. Another way to distinguish the agents for their attitude towards
sustainable development is the implementation of different discount rates. A green agent will
discount future payoff by a much lower rate than other agents. In a differential approach this
leads to a higher extraction rate of an unsustainable agent.

Individual knowledge is driven by the perception of new information in a learning process and
is, as described above, defined as 77 = 75(®;, y/, NTO', FSS, s;'). From this point on we can
define the individual’s beliefs also as a function of knowledge ' = Q'(y/, NTO', FSS, s, I7).
Figure 4 shows the general approach of this paper.
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In this approach every agent is described by its’ knowledge, attitude and expectation. Agents
can choose from a set of strategies (action choice) and behave in a certain way. This
behaviour is interfered by Nature’s move. The net result of all n behaviours and Nature’s
move determines the equilibrium of the play. We interpret this equilibrium as a rule (formal
or informal) or a norm. The payoff leads, in connection with observed behaviour of other
agents, Nature’s move and the change in common-pool resource, to a particular expectation
of future possibilities of strategy choices. The agents learn that the condition of the common-
pool resource (e.g. fossil site) can restrict strategy choices (e.g. attract fossil interested
tourists) and this restriction can lead to a long-term degradation of payoffs (e.g. fossils
destroyed). In this instance the agent and other respective players may disagree with what is
expected (depends on the attitude) resulting in a disequilibrium. Technically, this agent flags
his/her discontent and if the majority is dissatisfied with their subjective expectations the rule
will be changed. This means the strategy choice of all agents receives new boundaries and
one or more strategies can fall out of the action choice or become modified.

The modification can be modelled in different ways. The appropriate approach would be to
let the agents develop their own rules as is discussed in section 6. If the common-pool
resource was a fossil site the agents should, for instance, think about changing rules in terms
of allowing access to this site. For such an approach the agents would have to negotiate the
costs of such a rule as the rule itself has externalities on other agents pay-off function by
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Figure 4. Agent-based conceptualisation.

changing their strategy choice. Such an approach is unlikely to occur if there are no
predefined elements of choice in order to build rules. This leads to the second option, which
defines different sleeping elements agents can activate and deactivate. In a more sophisticated
manner, sleeping elements can approximate the eligible definition. Agents can experiment
with different techniques such as bringing new agents into the game or using methods to
regulate the use of the common-pool resource. This means that the learning process will
include the application of different rule-specifying decisions in a best reply manner on the
level of evolving rules.

73



A. Smajgl

FSS,CWD,UWD Scenario 3 rainfall
3000

mam FSS I rainfall

0
1 40
profit $1,000 Scenario 3 rainfall
3000
m rainfall
profit

500 -
-+ 2000
u -+ 1000

0 0

1 40

Figure 5. Results for scenario 3. a) Indices for condition of fossil site (FSS), controlled four-wheel
driving (CWD), and uncontrolled four-wheel driving (UWD) and rainfall, b) profit for rancher in
$ 1000 and rainfall.

Applying this conceptual model in the agent-based simulation means that the three agents
flag if they are happy with the rancher’s strategy choice on the community level. Making the
realistic assumption that the rancher wants to avoid any social isolation in the small
community he is open for the enquiries. As the fossil loving part of the community backs the
locked gates strategy the business part of the community tries to find a compromise. They
realise that there is a difference between UWD and CWD. They convince the rancher and the
fossil loving part of the community that CWD should not be kept off the property because
they care about cattle and the fossils. The three parties realise the need for monitoring. The
business part of the community organises a permit system with information material and
posts them at the entries of the property. The effect is that the rancher can reduce UWD to
45 drivers, which reduces the negative impact on the cattle productivity.

Figure 5 (a) shows the first drop in UWD' occurs in period 8. Five years in a row rainfall
decreases, which distracts the learning process of the rancher. In period 8 the rancher starts
putting locked gates in place that causes a reduction in tourists by 40 %. He does not
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distinguish between CWD' and UWD". Between year 9 and 11 the community learns about the
effects and starts negotiating. In year 13 the permit system starts and CWD' increases
instantly while UWD" drops to 45 drivers. At the end of the 40 years CWD' varies around 250
drivers. FSS' remains at a level of 85,5 %. In comparison with scenario 2 the rancher’s profit
increases by $ 1621 as UWD' is further reduced.

In scenario 4, a further dimension of institutional change is introduced. The number of
potential tourists NTO' for this area is constantly increasing and as the community creates a
scarcity of accessible area, entrepreneurs are likely to identify this created scarcity, they learn
about it on an individual level. This new agent offers the rancher to manage the permit
system and to reduce UWD' to maximal one driver. The tourism operator plans also to
advertise the possibility of four-wheel driving to increase CWD', an argument for the
negotiation with the community. The tourism operator expects to attract at least 250 tourists.
As this is also for the benefit of the community the tourism operator wants the community to
cover 40 % of the total costs of $ 10 000. As UWD' will be reduced to maximal one driver the
rancher shall cover another $ 1000. The tourism operator who charges a driving fee of $ 30
shall cover the remaining $ 5000.

Realistically, such a fee will make CWD' more volatile, g = 1. On the other side, I assume
that advertisement can attract up to 60 % more CWD' . This scenario is focused on the effect
of Nature’s move on the evolution of rules.

Figure 6 shows that in comparison with scenario 3 the first 15 years remain unchanged: The
rancher learns first and locks the gates, which has an impact on the benefit of the community
(positive in terms of preservation and negative in terms of income), the community offers
another solution and the community follows a new rule. This restriction — and the high
difference between demand and supply of drive sites — initiates a learning process of a new
entrepreneur, starting in year 13. Negotiations start in year 15 and in the following year the
new arrangement becomes active. In this period climbs up to nearly 500. But for a row of
dry years the tourism operator pulls out as he starts making losses. In year 20 the old regime
returns and the community manages the access for four-wheel drivers without charging. In
the following two years a new entrepreneur gets attracted and negotiations start again. This
management holds for another three years before it breaks down again for six years.

Such a change in management of four-wheel driving is very common in outback Australia
and is, as modelled, weather dependent. This flexible change in rules leads just to a marginal
increase of profit for the rancher. But at the same time the number of CWD" increases for the
whole 40 years by 70 %. FSS' decreases, like in scenario 3, in the first 11 years to 85,5 % and
remains afterwards at this level.

CONCLUSIONS

This paper targeted the implementation of multiple-use issues in the context of common-pool
resources and analysed the capability of agent-based approaches to model such scenarios.
Therefore, this paper developed from the basis of institutional economics and game theory, a
concept to model the evolution of institutions endogenously in an agent-based model.

Firstly, the paper shows that agent-based models can be applied to real-world cases of
common-pool resources. Secondly, multiple-use issues are modelled against the background
of common-pool resources and it is shown that different uses can help protecting common-
pool resources, given institutions are able to adapt.

This paper provides the methodological foundation for the endogenous simulation of evolving
institutions like the introduction of new arrangements or the formation of new agents.
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Figure 6. Results for scenario 4. a) Indices for condition of fossil site (FSS), controlled four-wheel
driving (CWD), and uncontrolled four-wheel driving (UWD) and rainfall, b) profit for rancher in
$ 1000 and rainfall.

REMARKS

'The chain-store paradox describes the game between a monopolist and an entrant. Assumed
that fighting the entrant is combined with negative payoff, the monopolist will not fight in the
last stage of a finite multi-stage game. Rolling backwards this argument is valid for every
stage of the game and the monopolist does not fight the entrant and the entrant enters [58].

*The distinction between games with complete and incomplete information (between
C-games and I-games) must not be confused with that between games with perfect and
imperfect information. By common terminology convention, the first distinction always
refers to the amount of information the players have about the rules of the game, while the
second refers to the amount of information they have about the other players’ and their own
previous moves (and about previous chance moves).” [28, FN2].

76



Modelling evolving rules for the use of common-pool resources in an agent-based model

REFERENCES

[1] Aichian, A.A. and Demsetz, H.: Production, Information Cost, and Economic Organization.
American Economic Review 62(5), 777-795, 1972,

[2] Aichian, A.A. and Demsetz, H.: The Property Right Paradigm.
The Journal of Economic History 33(1), 16-27, 1973,

[3] Aoki, M.: Toward a Comparative Institutional Analysis.
MIT Press, Cambridge, 2001,

[4] Beck, T. et al.: New tools and new tests in comparative political economy: The Database
of Political Institutions.
Working paper 2283, The World Bank, Washington D.C., 2000,

[5] Brenner, T.: Agent Learning Representation: Advice on Modelling Economic Learning.
In Tesfatsion, L. and Judd, K.L. (eds.): Handbook of Computational Economics Vol. 2: Agent-
-based Computational Economics. Ch. 18, 895-947, 2006,

[6] Bruntland, G.H. (ed.): Our Common Future: The World Commission on Environment
and Development.

Oxford, Oxford University Press, 1987,

[7] Buchanan, J.M. and Tullock, G.: The Calculus of Consent: Logical Foundation of
Constitutional Democracy.
University of Michigan Press, Ann Arbor, 1962,

[8] Buchanan, J.M. and Yoon, Y.J.: Generalized Increasing Returns, Euler's Theorem, and
Competitive Equilibrium.
History of Political Economy 31(3), 511-524, 1999,

[9] Camerer, C. and Ho, T.-H.: Experienced-weighted Attraction Learning in Normal Form Games.
Econometrica 67, 827-874, 1999,

[10] Chen, Y. and Khoroshilov, Y.: Learning under limited information.
Games and Economic Behaviour 44, 1-25, 2003,

[11] Coase, R.: The Nature of the Firm.
Economica 4, 386-405, 1937,

[12] Coase, R.: The Problem of Social Cost.
Journal of Law and Economics 3, 1-44, 1960,

[13] Crawford, S.E. and Ostrom, E.: A Grammar of Institutions.
American Political Science Review 89, 582-600, 1995,

[14] Deadman, P.J.: Modelling individual behaviour and group performance in an intelligent
agent-based simulation of the tragedy of the commons.
Journal of Environmental Management 56, 159-172, 1999,

[15] Dekel, E.; Fudenberg, D. and Levine, D.K.: Learning to Play Bayesian Games.
Discussion Paper No. 1926, HIER — Harvard University, Cambridge, 2001,
http://econweb.fas.harvard.edu/hier/2001papers/HIER 1926.pdf,

[16] Demsetz, H.: Towards a Theory of Property Rights.
The American Economic Review 57(2), 347-359, 1967,

[17] Edwards, V.M. and Steins, N.A. (1998) Developing an analytical frameworks for
multiple use commons.
Journal of Theoretical Politics 10(3), 347-383, 1998,

[18] Eggertsson, T.: Rethinking the Theory of Economic Policy: Some Implications of the
New Institutionalism.
In Nelson, J.M.; Tilly, C. and Walker, L. (eds.): Transforming Post-Communist Political
Economies, 61-79, National Academy Press, Washington, 1997,

77


http://econweb.fas.harvard.edu/hier/2001papers/HIER1926.pdf

A. Smajgl

[19] Erev, 1. and Roth, A.E.: Predicting How People Play Games: Reinforcement Learning in
Experimental Games with Unique, Mixed Strategy Equilibria.
The American Economic Review 88, 848-881, 1998,

[20] Fehr, E. and Falk, A.: Psychological foundations of incentives.
European Economic Review 46, 687-724, 2002,

[21] Feige, E.L.: Underground Activities and Institutional Change: Productive, Protective,
and Predatorial Behavior in Transition Economies.
In Nelson, J.M.; Tilly, C. and Walker, L. (eds.): Transforming Post-Communist Political
Economies, 19-34, National Academy Press, Washington, 1997,

[22] Friedman, D.: Evolutionary Games in Economics.
Econometrica 59, 637-66, 1991,

[23] Friedman, D.: Equilibrium in Evolutionary Games: Some Experimental Results.
Economic Journal 106, 1-25, 1996,

[24] Fudenberg, D. and Tirole, J.: Game Theory.
MIT Press, Cambridge, 1991,

[25] Fudenberg, D. and Levine, D.K.: The Theory of Learning in Games.
MIT Press, Cambridge, 1998,

[26] Gintis, H.: Game Theory Eolving: A Problem-Centered Introduction to Modelling
Strategic Behavior.
Princeton, Princeton University Press, 2000,

[27] Hardin, G.: The Tragedy of the Commons.
Science 162, 1243-1248, 1968,

[28] Harsanyi, C.J.: Games with incomplete information played by “Bayesian’ Players, I-111:
Part |. The Basic Model.
Management Science 14, 159-182, 1967,

[29] Harsanyi, C.J.: Rational choice models of political behavior vs. functionalist and
conformist theories.
World Politics 21, 513-538, 1969,
[30] Hayek, F. von: Constitution of Liberty.
Chicago University Press, 1960,
[31] Hayek, F. von: Law, legislation and liberty, Vol. I: Rules and order.
Chicago University Press, 1973,
[32] Hayek, F. von: Law, legislation and liberty, Vol. 111: The political order of a free people.
Chicago University Press, 1979,
[33] Hellman, J. and Kaufmann, D.: Inequality of Influence.
Economics Working Papers at WUSTL, Development and Comp Systems series, No 0308005, 2003,
[34] Holland, J.: Adaptation in natural and artificial systems.
The MIT Press, Cambridge MA, 1992,
[35] Holland, J.H. and Miller, J.H.: Artificial adaptive agent in economic theory.
American Economic Review 81, 365-370, 1991,
[36] Homann, K.: Sinn und Grenzen der oekonomischen Methode in der Wirtschaftsethik.
In Aufderheide, D. and Dabrovski, M. (eds): Wirtschaftsethik und Moralokonomik. Normen,
soziale Ordnung und der Beitrag der Okonomik, Volkswirtschaftliche Schriften Nr. 478,
Duncker & Humblot Berlin, 1997,

[37] Hurwicz, L.: Institutional change and the theory of mechanism design.
Academia Economic Review 22, 1-26, 1994,

78



Modelling evolving rules for the use of common-pool resources in an agent-based model

[38] Johnson, S.; Kaufmann, D. and Zoido-Lobatén, P.: Corruption, Public Finances, and

the Unofficial Economy.

Working Paper 2169, The World Bank, Washington D.C., 1999,
[39] Kalai, E. and Lehrer, E.: Subjective Games and Equilibria.

Games and Economic Behavior 8, 123-163, 1995,

[40] Kreps, D.M. and Wilson, R.: Reputation and Imperfect Information.
Journal of Economic Theory 27, 253-279, 1982,

[41] Leitzel, J.: Rule Evasion in Transitional Russia.

In Nelson, J.M.; Tilly, C. and Walker, L. (eds.): Transforming Post-Communist Political
Economies, 118-129, National Academy Press, Washington, 1997,
[42] Maynard Smith, J. and Price, G.R.: The logic of animal conflict.
Nature 246, 15-18, 1973,
[43] Maynard Smith, J.: Evolution and the Theory of Games.
Cambridge, Cambridge University Press, 1982,

[44] Mittenzwei, K. and Bullock, D.S.: Towards a Framework for Institutional Analysis.
conference paper, 16th Annual Congress of the European economic Association, Lausanne
Switzerland, 2001,

[45] North, D.C.: Institutions.

The Journal of Economic Perspective 5, 97-112, 1991,

[46] North, D.C. (1993a): Five Propositions about Institutional Change.

Economics Working Paper Archive at WUSTL, No. ewt-eh/9309001, Washington, 1993,

[47] North, D.C. (1993b): The New Institutional Economics and Development.
Economics Working Paper Archive at WUSTL, No. ewt-eh/9309002, Washington 1993,

[48] North, D.C. (1993c¢): Institutions, Transaction Costs and Productivity in the Long Run.
Economics Working Paper Archive at WUSTL, No. ewt-eh/9309004, Washington 1993,

[49] North, D.C. (1997): Understanding Economic Change.

In Task Force on Economies in Transition, Transforming post-Communist political economies,
Commission on Behavioral and Social Sciences and Education, National Academy of Sciences
1997,

[50] Oechsler, J. and Schipper, B.: Can you guess the game you are playing?

Games and Economic Behaviour 43, 137-152, 2003,

[51] Ostrom, E.: Governing the Commons: The evolution of institutions for collective action.
In Alt, J.E. and North, D.C. (ed.): The Political Economy of Institutions and Decisions.
Cambridge: Cambridge University Press, 1990,

[52] Ostrom, E.: Gardner, R. and Walker, J.: Rules, games, and common-pool resources.

The University of Michigan Press, Ann Arbor, 1994,

[53] Ostrom, E.: Doing Institutional Analysis: Digging Deeper than Markets and Hierarchies.
In Workshop Readings in Political Theory and Policy Analysis, Indiana University.
Bloomington, 2003,

[54] Rawls, J.: A Theory of Justice.

Belknap, 1971,

[55] Rawls, J.: Political Liberalism.
Columbia University Press, 1996,

[56] Sarin, R. and Farshid, V.: Predicting How People Play Games: A Simple Dynamic
Model of Choice.

Games and Economic Behaviour 34, 104-122, 2001,

79



A. Smajgl

[57] Schramm, M.: Spielregeln gestalten sich nicht von selbst. Institutionenethik und
Individualethos in Wettbewerbssystemen.
In Aufderheide, D. and Dabrovski, M. (eds): Wirtschaftsethik und Moralokonomik. Normen,
soziale Ordnung und der Beitrag der Okonomik, Volkswirtschaftliche Schriften Nr. 478,
Duncker & Humblot Berlin, 147-176, 1997,

[58] Selten, R.: The chain-store paradox.
Theory and Decision 9, 127-159, 1978

[59] Smajgl, A.; Vella, K. and Greiner, R.: Frameworks and models for analysis and design
of institutional arrangements in Outback regions.
IASCP Pacific Regional Meeting Traditional Lands in the Pacific Region: Indigenous Common
Property Resources in Convulsion or Cohesion, Brisbane, 2003,

[60] Taylor, P.D. and Jonker, L.B.: Evolutionary Stable Strategies and Game Dynamics.
Mathematical Bioscience 40, 145-156, 1978,

[61] Tesfatsion, L.: Introduction to the special issue on agent-based computational economics.
Journal of Economic Dynamics & Control 25, 281-293, 2001,

[62] Tesfatsion, L.: Agent-based Computational Economics.
ISU Economics Working Paper No. 1, July 2002, lowa State University, Ames, 2002,

[63] Voigt, S.: Positive economics: A survey.
Public Choice 90, 11-53, 1997,

[64] Williamson, O.E.: The Economic Institutions of Capitalism.
Free Press, New York, 1985,

[65] Williamson, O.E.: Transaction Cost Economics: How it works; where it is headed.
Economist 146, 23-58, 1998,

[66] Williamson, O.E.: Why Law, Economics, and Organization?
Annual Review of Law and Social Science 1, 369-396, 2005,

[67] Young, H.P.: Individual Strategy and Social Structure: En evolutionary Theory of Institutions.
Princeton, Princeton University Press, 1998.

Modeliranje evoluiranja pravila uporabe zajednickih
resursa u modelu temeljenom na agentima

A. Smajgl

Odrzivi ekosustavi, Commonwealthova organizacija za znanstvena i industrijska istraZivanja
Townsville, Australija

SAZETAK

Institucionalni postav kljucni je pokreta¢ uporabe zajedniCkih resursa. Analiza postojeeg postava zahtijeva
okvir koji u istrazivanju omogucava sustavni opis slucajeva i dijagnosticiranje institucionalnog sklopa. Na
temelju razumijevanja postojecih institucija pitanje koji su ucinci alternativnog postava postaje jasno.
Odgovaraju¢i korak trazi prediktivni model, bilo kvalitativni bilo — $to se i preporuca — onaj koji analizira
emprijske podatke kvantitativno. Sustinski konceptualni izazov kvantitativnog modela je evolucija pravila koja
odreduju granice unutar kojih agenti odreduju strategije. Ovaj Clanak razvija temelje koncepta odgovarajuceg
pristupa modeliranju i model temeljen na agentima za analizu institucionalnog postava zejdnickih resursa.

KLJUCNE RIJECI

viSeagentska simulacija, modeliranje pomocu agenata, institucionalni postav, zajednicki resursi
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SUMMARY

Poverty is a complex issue that is rarely conducive to analysis in laboratory or field
experiments. Effective interventions that aim to decrease or eliminate poverty require an
understanding of the intricate web of associated social issues. The need for this increased
comprehension necessitates the use of alternative robust means of analysis: one such being
agent-based modelling. The strengths of agent-based modelling to disaggregate complex social
behaviours and understand them are well known. However, while people have explored how the
modelling process can prove to be fruitful, the usually unintended insight gained and the
knowledge engendered during the model design process goes largely unnoticed. In this paper,
we aspire to show precisely how the model building process is critical in leading to unintended
knowledge generation for modellers by drawing from three US based examples where
agent-based modelling was used to aid research into the effects of interventions that address
poverty and human development through programs and issues facing low-income families. With
these examples, we illustrate some of the means to harness new knowledge generated. In our
discussion, we also highlight the advantageous nature of agent-based model design as an
independent source of knowledge generation.
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INTRODUCTION

The authors of this paper have found agent-based modelling (ABM) to be a useful tool when
exploring complex social issues. This paper articulates a commonly shared, but rarely
discussed aspect of agent-based modelling: unintended knowledge discovery during the
model design process.

Generating new knowledge using ABM is a topic that has already been covered in various
studies. Generative Social Science [1] is a collection of papers that demonstrates very well
the benefits of using modelling to create artificial worlds that lead to new forms of
understanding. Numerous articles [2 — 4], show how iterative modifications made during the
modelling process are valuable sources of information. However, papers have paid less
attention to the aspect of potential knowledge generation of ABM during the model design
process. While some articles identify advantages of participatory and thoughtful research
design or model building [5], the question of how design originated knowledge generation is
achieved goes largely unaddressed. One of the common, but rarely discussed, advantages of
agent-based modelling, and most modelling to one extent or another, are the unintended
discoveries that occur during the creation of the model. A well-designed model will normally
be developed through an iterative process with a deliberate plan for validation at the onset of
the modelling process. A model will progress through stages of grounding, calibrating, and
verifying. The creation of a model forces the articulation of any number of individual design
decisions, and thoughtfully done, each can be a starting point for new understanding.

The increased availability of information and tools for processing information is giving rise
to a new suite of methods for understanding how to address the issues surrounding poverty and
other policy issues. The unique characteristics and the empirical strength of ABM make it an
appropriate method by which to study various interventions in programs that target low-income
families. Within an ABM, computer-simulated agents serve as experimental “subjects” whose
behaviours are controlled by specific behavioural rules. Interactions among agents induce
social structures, group level behaviours, and differences in performance outcomes. Individual
choices can be formalized as strategic behaviours in a game-theoretic framework [6 — 12]. A
model serves as an artificial collaboration environment where we can easily manipulate
different parameters, visualize individual and combined effects during the growth process,
and eliminate confounding influences that would be unavoidable in the real world.

Policy informatics studies how tools, models and simulations are used to aid individuals and
groups make informed policy choices. Complex issues such as poverty do not
lend themselves to laboratory experiments. Field experiments are costly in both time and
resources and thus we look to alternative approaches to increase our understanding of various
problems. One such option is agent-based modelling. In this paper we show how the process
of building agent-based models can lead to unintended knowledge generations for modellers
by drawing from three policy informatics examples in the US that address poverty and issues
facing low-income families.

AGENT-BASED MODELLING

ABM can also be used to test competing hypotheses and generate explanations of complex
group behaviour. Understanding the dynamics, history, and relations between agents in such
an environment can complement field studies and may provide a more satisfying explanation
of behaviour directly observed [13]. Compared with traditional social science paradigms,
such as statistical estimating and differential equations, ABM has five unique characteristics.
First, it takes a bottom-up approach. Rather than seeking a centralized control mechanism for
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orderly behaviours of a system, ABM explores whether decentralized interactions among
autonomous actors can lead to system-level regularities [14 — 15]. Second, an agent-based
framework assumes adaptive rather than fully rational behaviours of actors [16]. Each actor,
given its assigned limited information and foresight, adopts strategies through interacting
with other actors. Third, ABM allows heterogeneity among actors, whereas traditional social
scientists often suppress agent heterogeneity in order to make their models tractable [17].
Fourth, ABM focuses on dynamic processes that produce or disrupt equilibrium rather than
the static nature of equilibrium [17]. Last, traditional statistical or multi-equation modelling
assumes linear, deterministic or predictive relationships among parameters, whereas an agent-
based framework explicitly takes account of nonlinear, nondeterministic, or recursive
interactions among multiple levels of actors.

Unintended discoveries made during the modelling process tie the following three examples
together. The first example is a case where the designer of the model experienced metaphors
of real worlds in the process of evaluating various design choices. Consequently, the designer
was able to refine the understanding of the research which ultimately led to the stipulation of
a new set of research questions. The second example is a case where the creator of the model
found that a design decision could not be made without external assistance, particularly the
program managers from the program of study. Again, the perspective from which the
problem had been viewed by the modeller, and the program directors, was informed. The
third example illustrates how design choices were dependent on availability of data which led
to new theoretical constructs being created for the model. The constructs provided an
additional benefit in aiding the communication of the research’s key findings. In each case
the design process was the source of new knowledge generation.

In sum, the first and third examples are of an ABM that was built to simulate usual and
unusual activities in a complex policy delivery system. The second example is of an ABM
that was used to compare different implementations strategies of a program that targets health
information to low-income first time mothers.

EXAMPLE 1: METAPHORS OF REAL WORLDS

Context of research: Public service delivery programs

The context of first example is the Women, Infants, and Children (WIC) program that aims to
safeguard the health of low-income women, infants, and children up to age 5, who are at
nutritional risk. The program provides nutritional supplementary foods, nutritional education,
and referrals to health care and other social services. The WIC program originated as a direct
consequence of growing concerns about malnutrition among low-income mothers and
children in the 1960s [18]. The United States Department of Agriculture (USDA) is
responsible for administrating the program. The main mechanism to deliver WIC services to
the program participants is contracting local stores who are interested in delivering WIC
foods as part of their usual business items. Therefore, this program is run by a system of
heterogeneous stakeholders, such as Federal and State government, private stores, local
clinics, and program recipients.

Brief description

We focused on building a model of routine activities in Ohio WIC. In terms of participation,
Ohio WIC was the eighth largest program in the US as of July 2006, serving approximately
277 000 participants each month with a budget of over $150 million each year. Ohio WIC has
contracts with over 200 local clinics and 1400 local stores. Each month, participants receive
three or four vouchers with food benefits at local clinics. These participants are expected to
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redeem their benefits at WIC stores within a specified period since Ohio WIC uses the retail
delivery system. Each voucher specifies what products and quantities the participant can
purchase, as well as maximum prices that the state will pay for an allowable food. The state
monitors the overall flow of transactions in the WIC system. The basic business mechanism
of Ohio WIC provided a framework of our agent-based model [19].

The model building process of our ABM provided an opportunity to experience the common
metaphors of real worlds that were possible within the structure of object-oriented
programming. It has been conceptually well discussed that public policy systems such as
WIC and their stakeholders are interdependent and dynamically interact [20] and that a
holistic approach is needed to manage complexity in such policy systems [21]. While this
view has been persistent among several policy scholars, in classroom settings these concepts
are not easily experienced by students who have not been exposed to real decision-making
situations. These concepts have remained as just metaphors of real worlds rather than
constructs that can be modelled or examined using analytical tools and techniques. Therefore,
while the policy system such as WIC needs to be considered as a whole to understand the
dynamic of the system, the components had been usually and quickly reified as separate
independent entities.

Experiencing the metaphors of real worlds

In ABM, agents are intrinsically interdependent within the simulation model, representative
of the complex policy system. The interdependency among program recipients, local stores,
and public agency can be specified in the model and experienced by the modeller. Local
decisions made by an agent or trivial revisions done by the modeller have subsequent
influence on other agents or to the system. Often, the complexity of the model leads
modellers not to pay attention on the interdependency that they previously built. As in
simulation models, it is not unusual to see such an effort to correct local issues without
considering larger impacts to the whole system in real worlds. What the modeller experienced
is the need to be aware of hidden interdependencies built in any social systems that aim to
address such an issue of poverty, and the potential consequence of not paying attention to such.

EXAMPLE 2: STAKEHOLDER PARTICIPATION

Context of research: Civic collaborations

Civic collaborations, also known as collaborative partnerships, are alliances among
community stakeholders and organizations from multiple sectors that work together to
improve conditions with the aim of promoting and sustaining community health; as a
strategy, such civic collaborations are increasing in frequency [22]. Federal and State health
agencies routinely support, and often mandate, the formation of collaborative partnerships to
design and implement community health initiatives [23]. The Institute of Medicine defines
“mobilizing community partnerships” as an essential public health service.

A highly effective example of such a collaborative program is the Nurse Family Partnership
(NFP) [24]. Conceived by Dr. David Olds, the Partnership sends specially trained nurses on
weekly or bi-weekly visits to low-income, first-time mothers, beginning as early as possible
in the pregnancy — typically between 16 and 28 weeks — and continuing until the child’s
second birthday. The nurses help mothers improve their health and nutrition during
pregnancy, learn effective early parenting skills, develop healthy family support systems, and
reach program goals like completing school and finding employment.
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Brief description

To fully leverage the value of civic collaborations, we aimed at identifying and formalizing
best practices of such collaborations [25]. Specifically, Hicks et al. [23] found a correlation
between program outcomes and the process quality of the early phases of civic collaboration
development in Colorado. It was during this early phase that the collaboration grew from just
a few participants to a functional group. By evaluating implementations of these programs,
and particularly by understanding the successes and struggles during the growth process
when employing civic partnerships used to implement uniquely successful programs, we can
derive insights into best practices.

During the early stages of designing the ABM used to find best practices of implementation
of civic collaborations, the model was intended to explore how the rate of growth was related
to the ability to coordinate the actions of groups of participants. Overall the modelling
process for this project spanned two years and over twenty versions of the model. During the
grounding process of the model, one of the biggest design decisions was how to add new
participants to the existing group. Instead of making an independent choice of how new
participants joined the group, we asked the directors that were part of the implementation
process in the real-world programs. When asked how new people were included in the civic
collaborations communities, the Executive Director of the program responded:

Executive Director: There are a lot of stories about how we have engaged
additional people. We just did an orientation last week and we walked through a
history of the program and it was a really thoughtful orientation. Other places
were like — hi, I am so and so and I am replacing so and so.

Modeller: Did you notice a difference in performance between those different
styles of including new participants?

Executive Director: Oh sure — one of the key things that we have seen was if the
implementing agencies continue successfully the agency engaged in substantive
discussion. When it is only information sharing with just updates then it is hit or
miss if people are choosing to attend. If there is thoughtful and productive
discussion, I think that at the end of the day is where there are the ones that are the
most successful.

Recognizing that the manner in which people joined a civic collaboration differed in nature
between the programs, and suggested outcome differences, our understanding of the role that
including new people played in the program development changed. For the thoughtful
inclusion of new people, we found that in the more successful communities, time was taken
not simply to slowly include new members, but to gradually involve them into the activities
of the group. In the less successful groups, new members were frequently thrust into
participating in the group without knowing the history of the group. To model slowly joining
the existing group, new members started interacting with only a subset of the existing
population. As they continue to form part of the group, the number of participants they
interact with gradually increases.

Stakeholder participation

A reasonable choice of how to include new agents could have been made independently by
the model designer. However, including people with knowledge of the context of interest can
be a source of knowledge generation during the design process and grounds the model. We
claim that grounding establishes the reasonableness of the model, showing that
simplifications made from the real world do not trivialize the model and that other researches
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have successfully made similar assumptions to capture the key elements of the theory. The
conversation that occurred during the modelling design process led to a valuable, yet
unintended discovery. At the beginning of the design process the main focus was on rate of
growth, as the first version of the model was completed, the design focused on the nature of
including new participants, a change in focus emerging through conversations during the
design process.

EXAMPLE 3: ADAPTING TO DATA

Context of research: Same as first example

The third example is also extracted from the context that first example was illustrated, but
focuses on unauthorized activities in the public service delivery program. In this example, the
modeller focused on designing a construct to model agents' fraudulent behaviour informed by
empirical data.

Fraud is a crime that violates social norms, uses secretive processes, injures victims, and
benefits perpetrators unfairly [26 — 27]. In the public sector, fraud in welfare, health care, and
child care programs have been well-documented by government agencies such as
Government Accountability Office and USDA. These unauthorized activities ultimately
damage the integrity and endeavour of the public program that aims to alleviate social issues
such as poverty and health. Unfortunately, fraud has been a persistent and difficult issue to
address especially due to its non-stationary nature. Once a fraud detection method is put into
place, it begins to lose effectiveness because the pattern of fraudulent behaviours changes as
a response to the method [28]. Nevertheless, traditional fraud prevention or detection
methods have been developed based on the static assumption of human behaviour. To
understand the adaptive nature of fraud in a public service delivery program, a construct
called “risk propensity” was designed by the modeller [29].

Brief description

The goal of this simulation model was to replicate the spatial and statistical patterns of fraud
found in empirical data. One of the difficulties was how to model agents' changing propensity
toward risky behaviour which is influenced by, and will influence, their decision on their
level of involvement in fraudulent activities. Two separate simulation models were built. One
was solely based on a hypothetical construct and its functions. The construct ranged from 0
(extremely low propensity toward risky behaviour) to 1 (extremely high propensity toward
risky behaviour). We tested several scenarios of risk propensity distribution in the simulation
to replicate the patterns observed from empirical data. The other model was built using the
construct informed by empirical data. In Ohio WIC, local stores contracted with State
government are categorized with four different risk levels based on the state's routine
monitoring activities. In this simulation, we converted the distribution of risk levels of local
stores in the empirical data for the hypothetical construct.

The modeller could also conduct a survey to examine the prevalence of fraud among local
stores in order to design the construct. However, the validity of survey data on unauthorized
behaviour (e.g. fraud and crime) is often questioned because respondents may not reveal true
story. Existing data from routine monitoring activities which already revealed actual
behaviour can have relative advantages. This process led us two separate questions: how to
model a construct working with existing data and which source might provide better
information of human behaviour.
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Designing a construct working with existing data

These two activities ended up as reciprocal processes to improve the construct. The modeller
realized that this construct can be designed to absorb personal or socio-economic
characteristics of agents into a fundamental hypothetical construct in modelling agents'
decision-making for fraudulent activities. Modelling a propensity toward certain behaviours
is a certainly challenging task. This is not a finished work. We are at the beginning of this
endeavour. If properly done, this effort can yield valuable insights to improve the model
building of adaptive behaviours in complex policy systems based on empirical evidence.

DISCUSSION

A popular example in modelling courses is to have people create a model to simulate the
standing ovation phenomenon. In doing so most people struggle to think of a system wide
rules and orders and the exercise reveals a bias for top-down thinking. Through the design of
a bottom-up system that helps to shape a new understanding of how individual choices can
aggregate to group level behaviours [30]. Similarly, when used for research it is the design
process itself that changes perceptions as demonstrated by the three previous examples. We
will now suggest a basic framework for understanding the nature underpinning this source of
knowledge discovery.

VIRTUE OF THE MESSY PROCESS

In the current paradigm, knowledge is generated from findings or results of research.
Analytical procedures of certain tools are mostly preset. The question is asked to whether the
research finding adds values to the existing body of knowledge, often assuming that the
researcher followed the standard procedure. It is assumed that knowledge is generated mainly
by sharing the findings rather than exploring the messy process of analysis. The model
building process of ABMs leads researchers to examine the messy process and forces them to
make critical design decisions. Depending upon the complexity of the system, there are
almost unlimited numbers of decision points that create equally unlimited logical
consequences to the system at different levels. Therefore, ABM exposes researchers to and
learn from the unintended discoveries — not only from the findings, but also from the process
itself. This messy process of model building becomes a regular source of knowledge
generation because of two crucial components of model building: decision points and
contextual knowledge.

ROLE OF DECISION POINTS

Models are created to describe, understand, explain, or predict certain aspects of contexts.
Modellers make assumptions on whether the context is static or dynamic. They can build
static or dynamic models corresponding to these assumptions. Depending upon the
assumptions made, the frequency of decision-making in the model building process also
changes. In other words, there are not many decision points when the modeller assumes a
static context and builds a static model; whereas the modeller will confront various decision
points when building dynamic models for dynamic contexts. In a simplistic form, the area
covered by linking both axes of context and model is a potential knowledge generation space
which requires decision-making in the model building process (Fig. 1).
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Figure 1. Constructing Knowledge Generation Space.

Knowledge can mean very different things depending upon whom we talk to. Knowledge is
not something that exists independently from the person who uses it or something that can
simply be stored as substance [31]. Personal knowledge is presented when a person must
make a decision in a given context. Decision points force a person to use or show this
knowledge and to improve their understanding. We saw that the model building process leads
people to make decisions at several decision points. Providing the safe environment of trials
and errors, the model building process helps researchers improve their research by
experiencing the metaphors of real worlds, creating negotiated meaning, and developing
crucial constructs for modelling.

POWER OF CONTEXTUAL KNOWLEDGE

It is useful to distinguish contextual knowledge from general knowledge. Imagine building a
constructed world using simulation tools. You may have to have both programming skills and
the context (or the system) that you are building. Programming rules are the kind of general
knowledge that modellers can learn and share; whereas what the components of the
constructed world imply is solely based on contextual knowledge of the specific system.
Often modellers have advanced modelling skills, but lack contextual knowledge they need to
have in order to build a model of social systems. Therefore, there can be at least two stages
where the model building process becomes a regular source of knowledge generation for
modellers at different levels. First, contextual knowledge can be elicited by the modeller
while working with those who have experience in or of the system. Second, modellers must
convert contextual knowledge to general knowledge by exploring such knowledge in
different contexts. When one makes a decision in a certain situation, the motivation behind
that decision is mainly contextual knowledge. Contextual knowledge influences us to make
relevant and appropriate decisions; whereas general knowledge guides us with a broad
boundary of actions. Model building process allows modellers to make relevant decisions
eliciting contextual knowledge and to increase a stock of useful knowledge in the form of
general knowledge.

88



Intending the Unintended: The act of building agent-based models as a regular source ...

In sum, this leads us to believe that there will not be a specified way of building ABMs as
there is no single most effective solution of poverty. First, the contexts within which ABM
can be based are very different. It is difficult to imagine any two social contexts that are
identical over time and space. Social contexts are fundamentally defined and redefined over
time and space. All contexts are unique at the moment so that general knowledge will not be
able to fully capture the uniqueness. In that sense, contextual knowledge is an untapped
source of regular knowledge generation. Understanding that many novel discoveries occur
during the design process encourage model designers to be aware of the choices they make.
In addition, including members of the models target audience in the construction of the model
and be as powerful a research and learning tool as is the presentation of the final model.
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NAMJERAVATI NENAMJERAVANO: IZGRADNJA
MODELA TEMELJENIH NA AGENTIMA KAO
REGULARNI NACIN GENERIRANJA ZNANJA
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Feniks, Sjedinjene Americ¢ke Drzave

?Skola planiranja, Drzavno sveuciliSte Arizone
Tempe, Sjedinjene Ameri¢ke Drzave

SAZETAK

Siromastvo je kompleksna pojava koju je rijetko moguce analizirati u laboratorijskim uvjetima ili
eksperimentima na terenu. Ucinkovite mjere smanjivanja ili suzbijanja siromaStva zahtijevaju razumijevanja
slozene mreze povezanih socijalnih pojava. Potreba za pove¢anim razumijevanjem vodi na uporabu alternativne,
robusne analize, u Sto ulazi modeliranje pomoc¢u agenata. Snaga modeliranja pomocu agenata u ras¢lanjivanju
kompleksnog socijalnog ponasanja i njegovom razumijevanju dobro je poznata. Medutim, tijekom istrazivanja
kako iskoristiti modeliranje uvid, steen Cesto nenamjeravano, kao i pripadno znanje steCeno tijekom
modeliranja ve¢inom su nezapazeni. U ovom radu, nastojimo pokazati kako je proces izgradnje modela kriti¢an
za stru¢njake u uocavanju nenamjeravanog generiranja znanja. Kao primjere koristimo tri situacije iz
Sjedinjenih Americ¢kih Drzava u kojima su modeliranjem pomocu agenata potpomagana istrazivanja ucinaka
intervencija u podrucju siromastva i ljudskog razvoja, provodena za obitelji s malim prihodima. Navedenim
primjerima ilustriramo neka o sredstava za prikupljanje generiranog znanja. U diskusiji takoder isticemo
prednosti modeliranja pomoc¢u agenata kao neovisnog sredstva za generiranje znanja.
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SUMMARY

In this paper a model-to-model analysis is described which compares a model of ethnic
mobilisation with a model of hierarchy decline. Even though the two models are not
concerned with the same or at least a similar target, they are related by empirical findings:
e.g. the decline of the Federal Republic of Yugoslavia was predominantly driven by
processes of ethnic mobilisation. This appears to be a more general pattern, not restricted to
this specific example. Hence, both models can be regarded as describing two related aspects
of one and the same social process. However, since neither models describe a concrete target
system, but rely on the notion of stylised facts, the models cannot be directly compared with
reference to an empirical relative. Instead, in this paper a theoretical framework is elaborated
which works as a rule for a comparison: relying on a differentiation between mass
phenomena and decisions centres, the process of ethnic mobilisation can be identified as a
mass-phenomenon, while the process of hierarchy decline concerns social decision centres.
While mass-phenomena gain their effectiveness by enforcing social institutions, the working
condition for decision centres is the establishment of social positions. It will be argued that
the relation between these two phenomena can be described by the analogy of a lock and key.
This makes possible conclusions with regard to both social theory and empirical explanations.
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Complexity of social stability: a model-to-model analysis of Yugoslavia’s decline

INTRODUCTION: NEW LINES OF MODEL-TO-MODEL ANALYSIS

In a paper describing an agent-based model of ethnic mobilisation [1] the authors expressed
the hope that their model was “’a small step towards the creation of a larger number of models
that would eventually enable better understanding of the recent events in former Yugoslavia”.
The following considerations are intended as one small step in this direction. In a model-to-model
analysis their model of ethnic mobilisation will be compared with a model of hierarchy
decline as a consequence of internal hierarchical operational mechanisms. Comparable
models of a causal analysis of ethnic mobilisation have been developed by Mimkes [2, 3] or
Lim et al. [4]. The objective of this approach is comparable to these models.

Methodologically, the motivation for model-to-model analysis is to overcome a situation of
researchers working in isolation without anyone else reproducing their results. It would
enhance the transferability of knowledge drawn from simulation models to overcome this
situation, i.e. progress should be made possible [5]. Since the research process of simulation
is closer to experimental science than to deductive logic [6], only a progressive inspection of
models may enfold their potential bearings. Yet, there are several modes of model-to-model
analysis suggested by Hales et al. [5].

The most straightforward way of undertaking a model-to-model analysis is to replicate a
model. Related to this approach is the use of models with different structures but the same
target to confirm their results or to compare different models that announce the same type of
results and to check their fitness with respect to particular data. What these and related
techniques have in common, is that the models under investigation are concerned with the
same or a related target system.

However, Hales et al. also suggest composing models of different scales in a larger model.
Moreover, Cioffi-Revilla and Gotts [7] even related two seemingly unrelated models from
distinct domains to draw out their structural similarities and differences. The comparative
analysis undertaken here will follow this line of research: to use findings from each domain
to illuminate the other. However, while the work of Cioffo-Revilla and Gotts is more
methodologically oriented, the purpose of this approach is more theoretically oriented: to
utilise the methodology of model-to-model analysis for a conceptual integration of different
domains of social theory. Namely, to relate models of different aspects of the topic of
political stability into a common framework [8-10]. Hence, if not to compose models of
different scales into a larger one, as suggested by Hales et al., then at least it would be
desirable to identify how they are interrelated. This could enhance the ability to transfer
knowledge from one model to another. Hence, the models will be used to integrate different
sociological theories. As a first step in this direction, a framework to compare at least two
models will be introduced in this article.

The paper proceeds as follows: Firstly, the historical background will be outlined. The war
1991-1995 in former Yugoslavia can be regarded as a stylised target of the models. Some
attempts at an explanation of the war are considered. However, this cannot be done in a
comprehensive manner. The main purpose of this section is to develop an empirical framework
to relate the models to different explanatory modes.

Secondly, the main conceptual ideas and the target system of the models will be introduced.
However, it has to be taken into account that the models describe stylised facts that can only
loosely be related to the empirical relative.
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Finally, a theoretical framework will be outlined into which both models can be integrated.
Since the models cannot be directly validated against data taken from processes in former
Yugoslavia (because they describe stylised facts), this framework enables a comparison of
the models insofar as it provides a common rule. Hence, this theoretical framework can be
regarded as complementary to the empirical one. This will lead to conclusions relevant for
the foundations of sociological theory and empirical analysis.

EMPIRICAL BACKGROUND

It is a phenomenon of modern European societies that in the so-called Eastern-European [11]
or, more specifically, nation-to-state [12] mode of state formation, national movements
emerge from larger political entities. Examples include the decline of the Austria-Hungarian
Monarchy and the Ottoman Empire into nation states. This process is still underway: most
recently a number of Eastern European states have declined along ethnic borderlines. Perhaps
one of the most severe structural ruptures happened in former Yugoslavia: the Federal
Republic of Yugoslavia ended in inter- and intra-state wars between ethnic movements,
including genocide and ethnic cleaning. Hence, an understanding of the dynamics of the
decline mechanisms would be crucial for political sociology [13]: ethnic identity seems to be
a central driving force for the stability and instability of political power. In the following, a
very brief outline of the recent conflicts in former Yugoslavia will be introduced.

BRIEF OUTLINE OF THE WAR IN YUGOSLAVIA

According to the constitution of 1974, the Federal Republic of Yugoslavia described itself as
a multi-national state, consisting of six republics. Each republic comprised one of
Yugoslavia’s constituent nations. Moreover, the territories of the republics were drawn along
historically established borderlines. Thus, ethnic movements could rely on cultural traditions.
Nevertheless, for a long time until the 1980s the degree of ethnic mobilisation was
considerably low. For example, marriages across different ethnic groups were not an
exception. Opinion polls of 1990 in Bosnia indicate that more than 90 % of the population
regarded the ethnic relationships in their local neighbourhood as good [14]. Thus, although
there was an awareness of it, ethnicity was not an important feature of identity formation.

After the death of Josip Broz Tito (1892-1980), the long term prime minister of Yugoslavia
(until his death) and founder of the socialist regime, ethnic movements emerged on the
territory of Yugoslavia. The escalation of violence took on various forms: punch-ups between
hooligans as well as rationally calculated speeches by political entrepreneurs [15]. Beginning
with Slovenia’s declaration to leave the Federal Republic, the process of disintegration finally
resulted in a series of intra- and inter-state wars [16, 17]. Thus, for the first time after more
than forty years, the phenomenon of war appeared in Europe. It is well known that the
collapse of Yugoslavia went alongside massacres and genocide which was a challenge for
international law [18, 19]. The intensity of the war, however, was highly different within
various regions: while officially only 19 war victims were counted in Slovenia, the official
number for Bosnia was 242 330.

Numerous explanations can be found in the literature, each stressing the importance of
different explanatory factors:

1) Perhaps the most prominent and most widely accepted explanation is simply the reference
to wilful political actions of Slobodan Milosevic (1941-2006), since 1989 head of the
communist party and president of Serbia, and other members of the political élite. There
can be no doubt that in the 1980s and early 1990s actors from the centre of the political
¢lite consciously escalated the crisis of the Federal Republic to reinforce their personal
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political power. Thus, a considerable part of the political élite gained personal advantage
from the political collapse of the Federal Republic [20]. However, the questions remain,
firstly, why the more aggressive politicians were more successful than the political ‘doves’
and, secondly, why they were successful at this particular time and not at other times [1].
This question can be traced back to two factors:

2) One factor can be identified in the international situation [21]: at the end of the Cold War,
international relations were in a phase of destabilisation. The ‘new world order’ still had to
be found. For example, some authors stress that the early acceptance of Slovenia and
Croatia by the European Union, particularly enforced by Germany, yet, without possessing
regulatory power when the war escalated, was in part responsible for the escalation. The
unclear and too weak mandate of UN soldiers is another example. Yet these factors can
explain the possibility of the escalation but not why it took place in the first place.

3) One therefore has to enquire about the internal conditions of the Federal Republic of
Yugoslavia. Classical political economy would call for an investigation of the economic
situation. In fact, Yugoslavia underwent a serious economic crisis in the 1980s [22]. From
the mid 1980s, Yugoslavia was confronted with a decreasing production volume. Also, the
republic had to face a dramatic increase in the inflation rate. In 1989, there was even a
hyperinflation of 2700 %. Together with wages remaining at a constant level, this led to a
dramatic decrease in the standard of living. Moreover, the combination of these factors
resulted in a dramatic increase in state debts. Thus, political collapse went hand in hand
with economic collapse.

4) Nevertheless, the economic situation itself cannot explain why nationalist political leaders
took advantage of this particular situation. A prominent explanation for this phenomenon
is the recourse to history. Particularly, history was stressed by the ideologies of the
nationalist leaders [23-26]. Wars in the very early history of the region, such as the battle
of Kosovo Polje [27] served as a demonstration of the impossibility of Yugoslavia as a
nation state. Even though these ‘explanations’ are clearly ideological, the question has to
be answered why these ideologies were successful. In fact, one can argue that the founders
of Yugoslavia had to rely on pre-existing nations with a rather long history for the
constitution of the Federal Republic. Thus, societal conditions determining cultural modes
of identity formation have to be taken into account for the understanding of the borderlines
of the conflicts [28]. In particular, conflicts may crystallise at the borderlines of the
different religions [29] and different languages [30] within the one Federal Republic.

BRIEF OUTLINE OF THE MODELS

Without a doubt, all these factors contribute to an explanation of the phenomenon. Hence, a
conceptual integration of these different aspects would be desirable. To contribute to an
understanding of the mechanisms of the interaction of the explanatory factors, in this paper a
comparison of two models concerned with two of these topics shall be undertaken. Both
models highlight very different aspects of social disintegration. As the title of their paper, ‘An
Agent-Based Model of Ethnic Mobilisation® [1] indicates, the model developed by
Srbljinovic et al. is concerned with the process of ethnic mobilisation. The MUE & HIER
model [31], however, deals with the macrosocial decline of hierarchy levels.
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AN AGENT-BASED MODEL OF ETHNIC MOBILISATION

The Model

The target of this model is described by its title: to study ethnic mobilisation. This is inspired
by already existing theories of mobilisation [32, 33] and methodically implemented by
extending modelling constructs which have already been in use so far [34, 35]. Developed in
co-operation with the Croatian MoD’s Institute for Defence Studies, Research and
Development, the background of the model is factual ethnic mobilisation in the course of the
war 1991-1995 in former Yugoslavia. However, in the model this can only be described as
stylised facts. Hence, the model is not an instrument for prognostic purposes but intends to
investigate possible social mechanisms that can generate patterns such as ethnic mobilisation.

The question analysed by the model is how successful political entrepreneurs are in
mobilising ethnical identities and in identifying the conditions for the escalation of ethnic
conflicts. In particular, the model was inspired by the observation that in former Yugoslavia
regions with very little differences in their socio-economic characteristics exhibited great
differences in their degree of ethnic mobilisation. The question therefore remains as to what
factors are responsible for the success of mobilising activities by political actors.

The model is an agent-based model written in SWARM. It consists of 200 agents with a fixed
ethnic identity: They can be blue or red, which cannot be changed. The dependent variable in
the model is the degree of ethnic mobilisation, m', of each actor i. The degree to which they
identify themselves with their given ethnicity can vary between O and 1. The difference
between the maximum of 1 and the actual value is interpreted as the importance that an agent
attaches to this ethnic identity in comparison to other possible identities. The actual degree of
ethnic mobilisation is dependent on several social conditions:

e Firstly, it depends on the satisfaction of the agents with their life conditions, expressed by
a grievance degree gr'. It is a variable which can also vary between 0 and 1. This captures
the satisfaction with economic, political and other aspects of social life.

e Secondly, it depends on the agents’ social network: the agents are able to observe the
identity and the agents’ degree of mobilisation in their social network, which influences
their degree of mobilisation m'. This is formalised as:

M'socnet = K-(IMPsame + IMPother) / NEtSIZE (1)
The term M'scner denotes the influence of the social network on the mobilisation of agent i.
k is simply a coefficient, to control the magnitude of this influence. The number of agents
in the social network of agent i is denoted by netsize, and iMPgume and iMPoger denote the
impact of members of the network whit the same and the other colour on the mobilisation
of agent i.

¢ In particular, during the simulation the agents receive appeals, which may be red, blue or
grey, i.e. neutral. However, in the absence of appeals the degree of mobilisation gradually
decreases to 0 and the strength of the susceptibility of agents to ethnic appeals is smoothed
by the grievance coefficient:
k-ksame~gri~mi(t), for appeals of same colour,
miapp = k-Komer-gr-m'(t), for appeals of other colour, (2)
k-kneutral-gri-[l - mi(t)], for neutral appeals.
The quantity miapp is the impact of appeals on the degree of mobilisation of agent i, kK is a

constant to control the magnitude of this influence. The same holds for Ksame, Kother and Kneytral:
they are constants to control the strength of the respective appeals. This is multiplied with the
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satisfaction with life conditions and the already existing degree of mobilisation of agent I.
Thus, the effect of appeals is stronger, if the agent has already a high degree of mobilisation
and the more dissatisfied the agents are. The inverse relation holds for neutral appeals.

The appeals are public in the sense that they are observable for every agent. Hence, the agents
can react to stimuli of their own colour as well as to stimuli of other colours. Their initial
degree of identification is uniformly distributed between 0 and 1 and they have a constant value
of satisfaction with their life condition of 0,5. Finally, their network size is chosen randomly.

This structure can be summarised as follows: with miapp and misocnet as defined above, and
M'cool @s the cooling effect, the dynamics of ethnic mobilisation reads as:

m'(t + 1) = m'(t) + (M'appT M'socnet + M'coo1)-At (3)
which can be graphically displayed as in Fig. 1.

Satisfaction [ Grievance

¥

Network i Agent mobilisation . Appeals

Figure 1. Structure of agent mobilisation.

Simulation results

This model was used to undertake a series of experiments to investigate the behaviour of the
dependent variable — the degree of ethnic mobilisation — in cases of varying constellations of
the independent variables. 100 agents are red and 100 agents are blue. Initially, they receive
only appeals of the colours red and grey. These appeals are given at constant intervals. In an
initial experiment it was checked whether the model behaviour was as expected: for example,
an increase in coloured appeals increases the speed of mobilisation. Moreover, simulation
runs resulted in a degree of ethnic mobilisation of either 1 or 0, dependent on whether the
mobilising or cooling effect was stronger. This seemed to be a plausible result. Furthermore,
mobilisation was faster when the agents possessed a social network.

The objective of this simulation runs was to enhance trust in the model. However, even in the
initial setting it could be observed that in some simulation runs the average mobilisation
intensity remained approximately constant for quite long simulation periods. This was mainly
dependent on the appeal frequency. This was the focus of interest for further experiments.

Hence, in the next step a closer examination of this more complex behaviour was undertaken.
Therefore the simulation runs were repeated with a randomly chosen appeal frequency.
Approximately 60 % of the simulation runs showed the following result: either both
populations reached a degree of mobilisation of 0 or the reds converged to 1 and the blues to 0.
However, a long period of oscillation could be observed. Some simulation runs even
remained in the oscillatory mode.

The next experimental setting was to investigate the influence of the agent’s network
composition. Hence, the experiments were repeated with a varying probability of having a
friend of the same colour. In the case of relatively homogeneous networks, the result was
that only the outcome documented above appeared: either both populations reach degrees of
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mobilisation of 0, or the reds converges to 1 and the blues to 0. However, an increase in the
network’s diversity also increased the diversity of the outcomes.

A further experiment was to vary the degree of satisfaction with the life conditions. Instead of
a constant degree of satisfaction of 0,5, a uniform distribution with the mean value 0,5 was
chosen. Moreover, the variance of the distribution was varied. While some new patterns
arose, diversity of the results diminished with increasing variance of the satisfaction. The
most frequent outcome was a mobilising intensity value of 0,9 for red and 0,5 for blue.

Finally, experiments were undertaken with appeals of both red and blue colour. A red appeal
was given every 3™ simulation period, and a neutral one was given every 4™ period. Then
blue appeals were introduced with varying frequency. With the other parameters as in the
initial setting, surprisingly, blue appeals seem to strengthen the mobilisation of the red agents.

Empirical evidence

The main result of these simulation experiments was that differences in the degree of
mobilisation appeared across similar populations. This result captures the observation that
differences in the degree of ethnic mobilisation cannot be tracked back to socio-economic
factors. Srbljinovic et al. [1] mention ethnic conflicts in the Croatian region of Lika with a
mixed Croatian and Serbian population, while other areas with very similar socio-demographic
characteristics remained stable. This finding can be explained by the model. According to the
model, this is merely due to random effects in the initialisation of the primary ethnic
mobilisation as well as their network composition. Yet this limits the predictability of the
simulation runs. The conclusion drawn from this result is that processes such as ethnic
mobilisation, once they are initialised, are only controllable to a very limited degree.

A MODEL OF HIERARCHY DECLINE

On the other hand, the model of hierarchy decline is an equation-based model to evaluate the
range of a theory of social power. While the agent-based model of ethnic mobilisation is
explicitly motivated by the escalation of ethnic conflicts in former Yugoslavia, the MUE &
HIER model was not intentionally developed to model a (however stylised) concrete target
system. The objective of the model was to formalise a general theory of hierarchical
operational mechanisms. Therefore, the relationship of this model to processes in former
Yugoslavia has to be denoted explicitly.

The main theoretical term of this theory is the notion of a power territory (PT), governed by a
so-called power territory ruler (PTR). The theory aims at formulating idealised structural conditions
for the behaviour of PTs, namely three existence conditions and one operation condition [36]:

e Existence condition 1 (competence)
At least one competence field has to be defined for each PT.

¢ Existence condition 2 (scope and effect)
Let individuals or social units in the competence field of a PT be called clients of the PT;
then the relation between the number of clients and the number of PT members may not
fall below a certain minimum. It is obvious that this minimum number is greater than or
equal to 1, i.e. that there has to be at least one client allocated to each PT member .

¢ Existence condition 3 (budget)
The PT has to dispose of sufficient financial assets.

e Operation condition
If a PT exists, one central condition for its undisturbed operation is that PT strategies are effective.
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This theory can be graphically displayed, Fig. 2. The square indicates the society (large social
unit). The PTs are indicated by the cones which serve clients in their competence field.

LsSU

Figure 2. Structure of PT System - the wiggly lines represent the competence fields.

The Model

The MUE & HIER model described in [31] is an equation-based model written in
DYNAMO. It relies on the theoretical framework as outlined above. The central variable is
the number of positions in a so-called Power Territory (PT) system. The focus of the model is
how hierarchical operational mechanisms are shaped by person-position relations. Hence, it is
a model of élite exchange. Three types of élite exchange are implemented in the model:

e A continuous flux of ordinary replacement, for example, after retirement.

e Medium size structural ruptures, for example governmental change after elections.

e Serious structural ruptures like civil wars or the collapse of hierarchy levels.

The model consists of 8§ sectors at all. However, they will not be outlined completely in this
paper; to concentrate on the purpose of comparison, only the central operational mechanisms
will be highlighted in more detail: the positions in the PT system, the personnel in the PT system,
the hierarchical operational mechanisms, and the ruling demand and budget of the PT system.

Ad 1) The Positions in the PT System. The positions in the PT system are calculated
according to the hypothesis of a strict hierarchy, i.e. it is assumed that there is a constant
relation between the number of positions along the hierarchy levels. For example the relation
between the positions on the top level and the underlying one is 1 : 10. Hence, the positional
dynamics is predominantly driven by the top level in the hierarchy, articulating the demand
for positions of sub-PTRs. It is possible, however, that one person can hold multiple
positions. The growth of oligarchic positions is driven by three mechanisms:

e Ordinary growth
e PT partition
e Downward mobility; i.e. the creation of new positions on lower hierarchy levels.

The decline of oligarchic positions on level i is calculated by a specific alarm function,
dependent on overdebt in i, and a so-called career aspirants crowding alarm (explained in the
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paragraph on hierarchical operational mechanisms). However, it is smoothed by a passing
over of financial restrictions in i to lower hierarchy levels. The most important growth
mechanism is PT partition: if ordinary growth of PT positions is low compared with the
number of additional positions desired by career aspirants, then the PT partition quota grows.

Ad 2) The personnel in the PT system. The personnel dynamics is predominantly driven by
career aspirants on lower hierarchy levels, waiting for higher positions in the hierarchy.
However, since the model is an equation based model, the career aspirants are not modelled
individually. It is simply a quota from the number of persons inhabiting positions at hierarchy
level i —1, which are assumed to have the desire to gain positions on higher levels.

In particular, this section contains a waiting chain for career aspirants, which determines the
above mentioned crowding alarm. At the beginning of every time step the waiting chain is
occupied with career aspirants on the one hand and persons that formerly have lost their PT
positions in structural ruptures on the other. This is realised as a flow model in the system
dynamics style. After this process PT positions are created and occupied with persons from
the waiting chain.

Ad 3) Hierarchical operational mechanisms. This section defines the crowding alarm. When
the waiting chain is filled, the crowding alarm is activated. It will be shown below (in the
section: the dynamics of the model) that this function is of central importance for the model
behaviour. It is important to note that career aspirants have to follow the hierarchy: hence,
first they gain positions on the lowest hierarchy level. If they have achieved a position on this
level they can wait for a position on the next higher level, and so on. Again note, that their
career is not modelled individually, but only as a quota of the persons occupying a position at
each hierarchy level.

At this point the interaction between the positional and the personnel dynamics come into
play: Positions are created by the top level. However, because a growth of top positions in the
PT system leads to an even greater increase in the number of positions on the lower hierarchy
levels this leads to a greater number of persons inhabiting positions which qualify them for
positions on a higher hierarchy level — i.e. this leads to an increase of career aspirants. Note,
that the quota remains constant. Thus, a greater number of positions leads to a greater number
of career aspirants.

In particular through the mechanism of PT partition, this mechanism leads to a growth of the
PT system. Hence, an autocatalytic dynamic is the consequence: growth of the PT system
yields growth of the waiting chain, which yields growth of the PT system. The unsatisfied
career aspirants, however, are the driving force for the crowding alarm function, since they
are assumed as enhancing the revolutionary potential: they have the know-how of how PTs
are running as well as the ambition to rule a PT.

Ad 4) Ruling demand and budget of the PT system. The budget of the PT is particularly
dependent on the ruling demand, however limited by a ceiling, when a threshold of maximum
overdebt is reached.

The ruling demand of a PT is specified by the number of involvement in activities. These are
specified by the number of contacts within the PT system. The demand per activity is
calculated by a linear combination of a minimum and a maximum demand per interaction.
While the minimum demand is simply a constant, the maximum demand is to denote conflict
interactions. It is assumed that a certain quota of interactions is of such a kind and that
conflict interactions are more costly. If conflicts become more numerous, the so-called hectic
state intensity is increasing. It is assumed that in turn conflict interactions are even more
frequently when this stress is increasing, what recursively intensifies the hectic state. it
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follows that an increasing amount of money and personnel is needed to deal with these
conflicts. Thus, again there is an autocatalytic process: increasing number of PT positions
yield an increasing hectic state which yields to an increasing demand of PT positions.

Summary. Hence, in principle the model is a waiting chain model: In the centre of the model
is a waiting chain of career aspirants, which is mostly responsible for the dynamics of the
model. However, each sector of the model consists of many interdependent equations, which
does not permit to display them in a fashion sufficient for replication within this article
(comp. [28, pp. 274-307]). Therefore a simplified graphical illustration might help to identify
its main causal structure, Fig. 3.

Position i + 1 + T Conflict
, ‘ +
— Position i Alarm Function B Structural Ruptures
A A
= +
Waiting Chain —_— Overcrowding Financial Restrictions

+T (

Positioni-1

+

Figure 3. Causal structure of the model.

Hierarchical positions at the hierarchy level i are generated at the above level 1 + 1. The process
of generating positions is amplified by conflicts on the hierarchy level i + 1. The positions at
level i1 are occupied with persons from the waiting chain. Thereby the number of persons in
the waiting chain is reduced. The waiting chain is filled with career aspirants from the lower
hierarchy level i — 1. If the maximum capacity of the waiting chain is reached, the overcrowding
of the waiting chain activates an alarm function. This alarm function enhances the value of a
structural rupture register function. A further input for this register function comes from financial
restrictions. The financial demand is caused by the positions at level i: the more positions
exist the greater is the financial demand. If a certain threshold of the structural rupture register
function is reached, the function is activated which destroys the top hierarchy level i + 1.

Simulation results

The dynamics of the model is mainly driven by the two autocatalytic processes which result
in a strongly growing PT system: These are processes implemented in the sector of the
personnel of PTs and in the hierarchical operational mechanisms:

e PT growth — waiting chain growth — PT growth
e PT growth — increase conflict interactions — PT growth
The growth of the PT system leads to a strongly growing financial demand. This can be

financed by two means: through growth of GNP and through debt. Since in the long run the
growth of GNP has to be extreme high to fulfil the demand of the PT system, after a while the
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PT system turns into a mode of debt financed growth. Then the structural rupture register
function is activated. After a structural rupture the register function relaxes to zero.

As a result of the decline, however, the positions on the top level are destroyed and,
consequently, the persons inhabiting these positions are thrown into the waiting chain and
again the process starts from the beginning.

Empirical evidence

Obviously, the decline of former Yugoslavia can be described as a decline of a hierarchy
level. The Federal Republic of Yugoslavia collapsed into its pre-existing constituting parts.
This process was enforced by political leaders with a high revolutionary potential: for example,
during Tito’s regime, Franjo Tudjman (1922-1999), from 1992 until his death the first
president of Croatia, had already been in prison in the 1970s and the 1980s due to so-called
nationalist agitation [12]. However, the qualitative analogies go even further: the constitution
of 1974 can be regarded as a PT partition, as described by the model. This constitution
describes the republics as states and even gives regions like Kosovo and Vojvodina more
autonomy [37]. Therefore political aspirants can be satisfied with PT positions in these
regions. Also two phases of PT growth can be distinguished in former Yugoslavia: The
successful 1960s which was a phase financed by GNP growth can be distinguished from the
time of the 1980s which was characterised by growing debts. Thus, even though the model
was not intentionally developed to cover the events in former Yugoslavia, the theoretical
assumptions underlying the model are in fact confirmed by them.

OUTLINE OF A THEORETICAL FRAMEWORK

Both aspects of ethnic mobilisation and hierarchy decline can be observed in the history of former
Yugoslavia: On the one hand, there was a decline of the Federal Republic into smaller units
along pre-existing borderlines of a lower hierarchy level. On the other hand, one of the central
driving forces behind this process was the mobilisation of ethnic identities. Hence, empirical
evidence suggests, that these models capture some relevant aspects of the processes which
had to be observed in the former Yugoslavia. But how are these aspects related to one another?

In the model of ethnic mobilisation the ethnic appeals are given as external facts. No analysis
is made regarding where these appeals come from. Hence, obviously the question cannot be
posed why they are given at all. On the other hand, the model of hierarchy decline is blind to
the borderlines of the decline. This is due to the fact that the competence fields are not
specified in the model. Thus, no conditions of success or failure can be identified. Hence, it
appears to be reasonable to regard both models as complementary in ‘some way’.

However, both models are concerned with stylised facts; they do not represent a concrete
target system [38]. Firstly, this is due to the overwhelming complexity of social reality, which
cannot be represented by a simulation model. In contrast to models based on first principles
(at least rhetorically) the actual state of the social sciences does not allow for reliance on
some simple laws representing the complexity of their target system [38, 39]. Hence, it has to
be questioned in what respect, i.e. in what ‘way’ they can be compared: Since the empirical
facts cannot serve as a rule to compare models of stylised facts, there is no measure available
to judge the validity of these models in a straightforward manner. Yet, the notion of stylised
facts implies what can be called a proto-theory: in principle, a stylised fact is a shorthand for
a theory taken from everyday knowledge. Thus, it is plausible to identify the theoretical
framework behind the stylised facts. A theoretical structure will therefore be developed
which is able to relate both models in a common theoretical framework. Within such a
framework it is possible to identify which questions are posed and answered by the models
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and which are left open by them. Hence, such a theoretical framework is a precondition to
relate isolated models of stylised facts to one another insofar as this theoretical framework
can serve as a rule: instead of comparing the models directly, firstly the theoretical topic with
which the models are concerned will be identified and then these theoretical topics can be
compared to relate the modelled stylised facts to one another. It thus becomes possible to
identify the extend to which the models’ behaviour factually intersects.

DECISION CENTRES AND MASS PHENOMENA

In fact, the targets of the models can be distinguished by the way they are generated as well
as by their functional relevance within social processes.

In a first step, a more formally oriented differentiation will be introduced of how some output
data Y is generated to reflect the difference between the models [40]: it may result from a
sequence of processes which, in principle, can be divided into two categories. It may result as
a consequence of a process in a social decision centre or it may result as an aggregate of a
sum of individual processes, thus, it may be a social mass phenomenon. Decision centres are
social units whose reactions constitute instances of concentrated influences [41]. The
concentration can be identified by the relationship between the number of specific reactions
and the number of actors producing these reactions. Examples may be war between nation
states or the building of motorways [40]. For instance, if the president of the United States
declares war, this is a decision of an individual person. Yet it can affect — in principle — the
whole human race. If no such influence concentration can be observed, the socially generated
data has to be regarded as mass phenomena. Examples of mass phenomena are income
distributions, language or a traffic jam. Every statistical aggregate is a mass phenomenon.
Hence, in principle, socially generated data Y is the set union of the set of mass phenomena
and phenomena caused by decision centers:

Y ={Ypc} U {Ymass} 4)

With regard to the models, this distinction leads to the following formal classification of the
models:

¢ In the model of ethnic mobilisation no influence concentration is implemented. Of course,
the agents are highly determined by the ethnic appeals they receive. However, these
appeals are not ascribed to an individual actor. Thus, the model describes a mass
phenomenon, since ethnic mobilisation is a social phenomena only insofar as it appears as
a mass phenomenon.

e On the contrary, the existence or the decline, respectively, of hierarchies is not a mass
phenomenon. Hierarchies can be regarded as mechanisms for collective decisions, i.e. as a
decision centre. Hence, the model of hierarchy decline is concerned with operational
mechanisms of decision centres.

Thus, as a first result, the models can be identified as models of mass phenomena and
decision centres, respectively. This distinction leads to a first more formally oriented
conclusion of how the processes described by the models can be differentiated.

However, the next sociological question is under what circumstances mass phenomena and
processes within decision centres are related to one another. Obviously, many operations of
decision centres do not cause mass mobilisation. On the other hand, not every mass phenomenon
concerns competence fields of PTs and will in turn enhance the probability of conflict
interactions. For instance, the mass phenomenon of smoking has caused operations within
decision centres only in the last decade. Hence, the question remains: when do both levels
affect each other? This leads to the question of what are the material social conditions at work
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behind these two phenomena. What is the causal mechanism to connect decision centres and
mass phenomena? Hence, the question of their functional relevance has to be addressed.

INSTITUTIONS AND POSITIONS

On the one hand, the mass phenomenon of ethnic identity is a predisposition for social
orientation, directing social action. This refers to the notion of the homo sociologicus [42].
Hence, ethnic mobilisation can be regarded as an example of the enforcement of a social
institution [43, 44]. Although a detailed examination of the sociology of institutions cannot
be undertaken [45, 46], some key elements can be highlighted: these are elements of sociality
within the individuals, which can be regarded as the non-contractual elements in the social
contract [47]. They can be regarded as an element of sociality in the brains of the individuals.
It is claimed that institutions are necessary to regulate social interaction in a way that people
are able to interpret and enable them to react to other actors’ behaviour. Hence, institutions
create stable behaviour patterns. Ethnicity provides a means for the formation of such forms
of stable behaviour patterns. People can create a personal identity by relying on their ethnicity:
ethnicity provides a social role for individuals [48]. Moreover, it enables people to structure
their world view insofar as it provides a means for the inclusion and exclusion of other people
in a commonly shared way. Hence, ethnicity is an institution to regulate social interaction.

Now, let us ask what kind of phenomena decision centres are: hierarchically organised
decision centres can be regarded as formal organisations. Yet, a comprehensive review of the
sociology of organisations cannot be the task of this article (compare e.g. [49, 50]). However,
a central feature of formal organisations is that the legitimisation of social relations is
organised by a membership relation [51]. Following Peter Blau [52], it will be proposed to
conceptualise the difference between membership and non-membership in a decision centre
as the distribution of a population among social positions. This is because social structure
“nearly always includes the concepts that there are differences in social positions, and that
there are social relations among these positions” [52, p. 27]. Undoubtedly, social positions
influence people’s social relations, but they have to be distinguished from mere interaction.
At different times the same position can be inhabited by different people. By the
establishment of social positions, society faces the individuals. Inhabiting positions in formal
organisations enables individuals to distinguish between official duties and private life [51].
Note, that the creation of position and the struggle of individuals to gain positions are the
core process of the model of hierarchy decline. Thus, it is a model of the dynamics inherent
in organisational positions. To sum up:

a) Hierarchies, on the one hand, are operational mechanisms of decision centres, constituted
by social positions.

b) Ethnicity, on the other hand, as a mass phenomenon is a social institution, directing
individual actions as their precondition.

Yet the question remains, as to how they are related: empirically, the phenomena of hierarchy
decline went alongside ethnic mobilisation. However, the extend to which the behaviour of
the models intersects must be theoretically deduced. It will therefore be theoretically
demonstrated that, in fact, institutions and organisations have a causal power on each other.

THE THEORETICAL LINK

Thus, the stylised target systems of the two models can be distinguished by the way they are
generated as well as by their functional relevance. However, the question remains of how
they are linked together: when do mass phenomena and decision centres affect each other.
Such a link would enable to integrate sociological theories of institutions and organisations.
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1) The input of the model of hierarchy decline for the model of ethnic mobilisation

On the one hand, it is a plausible assumption, that the appeals that the agents receive in the
model of ethnic mobilisation are caused by decision centres. Obviously, this was the case in
former Yugoslavia. Their analysis is left open in the model of ethnic mobilisation. Note,
however, that the degree of mobilisation drops to zero in the absence of ethnic appeals.
Therefore appeals and, in turn, the existence of decision centres is of central relevance for the
reinforcement of the social institution of ethnic identity. The absence of ethnic appeals can
explain the long period of peace in former Yugoslavia. The MUE & HIER model provides an
explanation for their appearance. The frequency of ethnic appeals can be explained by the
length of the waiting chain of career aspirants. The frequency of appeals should increase with
the length of the waiting chain, because career aspirants (the persons in the waiting chain) might
gain advantages if they can be identified as a representative of a social institution like ethnic
identity. This might help explain the rise of the number of political entrepreneurs in the specific
situation of Yugoslavia in the late 1980s and early 1990s. Namely, the precarious economic
situation of the 1980s did not allow for the creation of a sufficient number of positions to
satisfy career aspirants, i.e. an overcrowding of the waiting chain has to be expected.

2) The input of the model of ethnic mobilisation for the model of hierarchy decline

On the other hand, according to the model of hierarchy decline, a precondition for the
operation of decision centres is the existence of a competence field. The specification of
competence fields, however, is left open by the model. This is what the model of ethnic
mobilisation is about. To be regarded as competent, a decision centre has to possess defining
power over a specific topic. However, the topic cannot be arbitrary. For instance, people
would not ascribe any competence to a political leader appealing to condemn, e.g. red-haired
people (at least nowadays). The propensity, to be regarded as important, increases if a
competence field refers to a social institution. Ethnicity provides such an institution. Thus,
the notion of a competence field links decision centres to mass phenomena of social
institutions like ethnicity. This might help explain the concrete nature of the appeals of the
political entrepreneurs. Insofar as they have to find a competence field, it might be an
advantage for them to appeal to institutionally deep-seated patterns of social orientation like
ethnic identity. The degree of mobilisation can be regarded as a measure of their success.
Note, for instance, that the parents of Slobodan Milosevic were Montenegrins and that his
brother Bora made a political career as a Montenegrin.

In conclusion, the relation between institutions and organisations can be described by the
analogy of a lock and key: a social institution like ethnic identity provides a possible
competence field for decision centres. Since the existence of a competence field is a
necessary precondition for the operation of decision centres, institutions may be regarded as a
lock for the success of a decision centre; namely insofar as appeals from decision centres
have to match a social institution like a key has to match a lock. The metaphor of a lock is
used to denote that institutions play a ‘passive role’: obviously, they are not a social actor.

Conversely, decision centres possess the power to reinforce a social institution like ethnicity
(for instance, by sending ethnic appeals). In fact, this is reflected in the model of ethnic
mobilisation by the assumption that ethnic mobilisation drops to zero in the absence of ethnic
appeals. Thus, decision centres are the key to call into being the social institution of ethnic
identity, and, in turn, processes of ethnic mobilisation. The metaphor of a key is used to
denote that organisations are a social actor, they play the ‘active role’.

Hence, this theoretical framework allows us to show where the behaviour of the models
intersects: Namely, the appeals in the model of ethnic mobilisation may be generated by the
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model of the decision centres while the competence fields in the model of hierarchy decline
may be defined by the model of the mass-phenomenon of mobilisation. The success in
establishing a competence field can be measured by the degree of mobilisation. The formal
structure of a model docking can be described as in Figure 4.

Decision Centers Organisations

Conflicts

e — e — — s s et e

Appeals

Mass Phenomena Institutions

Figure 4. Causal interaction of the models.

Decision centres have to be regarded as possessing a competence field. This is a precondition
for their succesfull operation: it is the legitimisation for the positions in the PT. To be
regarded as competent, they can send appeals. These may be successful if they address social
institutions. Note, that a competence field may not necessarily be ethnicity. The frequency of
ethnic appeals may be determined by the length of the waiting chain. In particular, waiting
chain overcrowding might increase the number of appeals. Thus, career aspriants are the
main driving force. This in turn leads to a reinforcement of an institution. Yet, the
competition between decision centres to be regarded as representing an institution may cause
conflict interactions between the decision centres. Note, that the degree of conflict
interactions already serves as an input for the structural rupture register function, which
determines the stability of the organisational system. However, in the model it not specified
what the conflicts are about. This can be specified by a model of the mass-phenomenon of
mobilisation. Thus, the degree of ethnic mobilisation may be used as an input for the
calculation of conflict interactions.

EPISTEMOLOGICAL FRAMEWORK

Finally, this investigation shall be brought to an end with some remarks on the
epistemological perspective opened up by these considerations: Theoretically, the model-to-
model analysis opens a perspective on theories of the relation between culture and politics
and the related question of social constructivism: following Cederman [53], 3 theories of the
relationship between culture and politics can be distinguished. An essentialist, an
instrumental-constructivist, and a limited-constructivist approach. The essentialist approach
stresses the role of the cultural ‘raw material’. Hence, ethnicity is assumed as given and “each
ethnic core produces a political identity more or less straightforwardly” [53]. The
constructivist approaches, on the contrary, emphasize the active role of politics in the
formation of ethnic identities by manipulating cultural symbols. According to the
instrumentalist-constructivism the causal chain goes from politics to culture, which is seen
more or less as an epiphenomenon. The limited-constructivist approach, however, sees the
relation between culture and politics as a complex feedback structure: political actors do
shape the cultural material, but they are limited in their freedom of choice.

The two models under consideration implement a mechanism [54, 55] of such a feedback loop:
On the one hand ethnicity is a pre-given fact in the model of ethnic mobilisation. Thus, this
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assumption is in contrast to an instrumentalist-constructivist approach. Nevertheless, the degree
of mobilisation is open for political manipulation by the means of ethnic appeals. These appeals
can be analysed by the means of the model of hierarchical operational mechanisms: PTs are
successful if they can find a competence field. This means that they have to send some forms of
appeals to prove their competence. This is a constructivist perspective since they have the
ability to manipulate cultural symbols. However, they can be more or less successful. In particular,
their chance to be successful enhances if they can point to social institutions. These institutions
can be regarded as the cultural ‘raw material’, which limit the freedom of manipulating cultural
symbols. Thus, the integration of the two models, i.e. the methodological approach of a model-
to-model analysis, turns out to be relevant for the epistemological foundations of social theory:
namely, it suggests a limited-constructivism by demonstrating possible mechanisms of a
feedback loop between voluntary political action and cultural conditions.

CONCLUSION AND PERSPECTIVE

The considerations developed in this paper can only be regarded as a brief outline and are by
no means a comprehensive investigation of either the empirical or the theoretical background
of a political sociology. Moreover, no direct political advice could be expected from this
more fundamental research. However, it enables a methodological and a theoretical
clarification as well as it helps for a conceptual integration of the different explanations of the
inter- and intra state wars in former Yugoslavia:

1) Firstly, due to the fact that Artificial Societies describe stylised facts, this model-to-model
analysis is only possible by explicitly enfolding the theoretical dimensions behind the
everyday theories of stylised facts. Theoretical considerations provide a tool for relating
models concerned with seemingly diverse phenomena. Thus, at this point the theoretical
considerations developed in this paper serve as an input for methodology.

2) On the other hand, also social theory profits from this methodological research. Insofar as
simulation models allow for a formal docking of models, they should also allow for a
theoretical discourse: commonly, theories concerned with cultural phenomena on the one
hand and political theories on the other hand, or more general theories of social micro- or
macro phenomena, respectively, employ a highly different language. It is therefore no
trivial task to undertake a comparative theory analysis. However, by using simulation
models, a common language can be elaborated within which it seems possible that the
theories from both levels could benefit from findings on the other level. In principle, it
should be possible that both models could import and export data to a common software
frame: On the one hand, the model of hierarchy decline could export data about the length
of the waiting chain. This data could be utilised to calculate the appeal frequency that
could be imported by the model of ethnic mobilisation. Note that appeals are given
externally in this model anyway. On the other hand, the model of ethnic mobilisation
could export data about the average degree of mobilisation. This data could be imported
by the model of hierarchy decline to calculate the degree of conflict interactions. Note that
these are given as a simple quota and are not calculated internally in the original model.
Along these lines, the model-to-model analysis could allow for the conceptual integration
of social theory. In particular, a sensitivity analysis might allow for an investigation of the
recursive impact of the two levels of social theory (which are at the backdrop of the
stylised facts of the models) on each other.

3) Moreover, it has been pointed out, that the different explanations of the empirical
phenomenon of the series of intra- and inter-state wars all contribute to an understanding
of different aspects of the phenomenon. The model-to-model analysis allows for a
conceptual integration of those explanations highlighting internal conditions: The first
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explanation outlined in the section about the empirical background was that the decline of
Yugoslavia was driven by wilful political action. This can be explained by the model of
hierarchy decline: namely, an overcrowding of the waiting chain with career aspirants
suggests a high probability of aggressive political action. However, the possibility of PTs
to generate positions, which could prevent such an overcrowding is dependent on financial
restrictions. This refers to the third explanation: precarious economic circumstances. Thus,
the model of hierarchy decline might help to integrate these two explanations: why
aggressive political actors emerge at a given time. By the model of ethnic mobilisation the
cultural borderlines of the conflict can be taken into account. This was the forth
explanatory mode. This model explains why aggressive political actors where successful
with propagating a nationalist ideology. Hence, except for the international situation the
two models provide a framework to integrate the internal conditions that where proposed
to explain Yugoslavia’s disaster.
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KOMPLEKSNOST SOCIJALNE STABILNOSTI: ANALIZA
RASPADA JUGOSLAVIJE POMOCU MODELA

M. Neumann

Sveucliliste u Bayreuthu
Bayreuth, Njemacka

SAZETAK

U radu je opisana analiza modela u kojoj se usporeduju model etnicke mobilizacije s modelom raspada
hijerarhije. Ti modeli nisu postavljena za jednaku, ili slicnu svrhu, ali su empirijski povezani: raspad federativne
republike Jugoslavije vecinom je uzrokovan etnickom moblizacijom. Ovo je opcenitija situacija i nije vezana
samo uz ovaj posebni slucaj. Zbog toga oba modela mogu biti razmatrana kao povezani aspekti jednog
drustvenog procesa. Medutim, buduci da ni jedan model ne opisuje konkretni nego stilizirani sustav, ne mozemo
ih izravno usporedivati s podacima. Umjesto toga, u ovom je radu postavljen teorijski okvir: na temelju
razlikovanja masovnih pojava i srediSta odluc¢ivanja, etnicku mobilizaciju moze se promatrati kao masovnu
pojavu, dok je raspad hijerarhije vezan uz druStvena srediSta odlucivanja. Dok masovne pojave postaju
djelotvorne ukljucivanjem institucija, radni uvjeti za srediSta odlucivanja je uspostava drustvenih pozicija.
Relacija navedenih pojava slikovito je opisana na nacin koji omogucéava zaklju€ivanje vezano uz drustvene
pojave i emprijska objasnjenja.
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SUMMARY

Sub-Saharan Africa is trapped in a complex unsustainability spiral with demographic, biophysical,
technical and socio-political dimensions. Unravelling the spiral is vital to perceive which policy
actions are needed to reverse it and initiate sustainable pro-poor growth. The article presents an
evolutionary, multi-agent modelling framework that marries a socio-ecological approach to a world
system perspective and takes agriculture as the engine for sustainable development in Sub-Saharan
Africa. A number of possibilities for empirical validation are proposed.
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Unraveling the unsustainability spiral in sub-Saharan Africa: an agent based modelling approach

INTRODUCTION

For three decades, Sub-Saharan Africa has been trapped in economic stagnation, coupled to
pathologies like widespread poverty, child malnutrition, violent conflict and the HIV-Aids
epidemic. That a new boom of the world economy now entails somewhat higher growth rates
does not alter the fact that per capita GDPs have hardly increased since the 1980s in Africa
below the Sahara.

Today, it is once more recognized that this stagnation is rooted in agricultural crisis. Both the
World Bank and scientists [1, 2] already stressed that modern growth requires agricultural
development as a starter, but many believed that “globalization” would allow export demand
for manufactures or services to assume this role. The absence of cases of successful
development without agricultural growth has belied this view (cf. [3]). In Sub-Saharan
Africa, agricultural crisis caused a flight from the land, but no incentives for non-farm
development, so that urbanization entailed a proliferation of marginal activities and fights
over public sector jobs.

Why is agriculture stagnating? For a long time, experts forwarded mono-causal explanations.
They pointed to adverse natural conditions (e.g. [4]), high population growth (e.g. [5]),
overtaxation of farmers [6], and so on. When donor prescriptions to redress some of these
conditions failed, a new mono-causal bogey was looked for. The blame was put on “bad
governance” and ‘“‘social capital problems” that would stem from Africa’s particular culture
and history [7-9].

Gradually, some experts came to realize that Africa’s problems had multiple and mutually
reinforcing drivers rather than single causes. Various vicious cycles or ‘poverty traps’ were
identified: of poverty, population growth and soil degradation [10]; of poverty and low public
investment [11]; of thin markets and low private investment in agro-industrial chains [12]; of
dependence on traditional commodities and low export earnings [13], and so on and so forth.
All these explanations are right, but each lifts only one corner of the veil. In fact, Sub-
Saharan Africa is trapped in a complex unsustainability spiral with demographic, biophysical,
technical and socio-political dimensions. Unravelling it is vital to perceive which social
actions could reverse this spiral and initiate a positive dynamic of sustainable pro-poor growth.

In our opinion, such unravelling requires an evolutionary framework that marries a socio-
ecological approach to a world system perspective. Sub-Saharan Africa is a region that has
retained certain pre-industrial traits, with consequences for its internal dynamics, but that is
integrated in an industrialized world economy which makes its dynamics deviate from pre-
Industrial Revolution societies. This paper sketches a broad vision that is based on this
premise, and proposes a computer model that can serve to elaborate it, test its consistency,
and explore ramifications. At the end we discuss possibilities for empirical validation.

VISION

In pre-industrial societies, centuries of demo-economic growth alternated with Malthusian
crises [14, 15] (for theoretical interpretation [16]). Central to it was Ricardo’s classical “law”
that farm production could only be raised by reclaiming less fertile lands or labour-
demanding intensification, so that population upswings raised agricultural prices [17]. It
made food dear for the poor, but as Malthus [18, pp.29-31] already observed, it lowered real
wages and prompted investment and innovation in larger farms (also [19]). This fuelled the
phases of agricultural intensification that historians have called ‘agricultural revolutions’. The
resulting increases in food supply moderated the rise in food prices. More mouths could be
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fed, rural markets for commerce and industry expanded, and no severe distress precluded co-
operation and the maintaining of soil fertility. In these phases the farm economy was more or
less robust; harvest failures caused suffering but no collapse. However, risk aversion and
time-consuming communication made innovation a slow process [20]. Sooner or later,
agricultural growth ran up against diminishing returns. For some time, a precarious stability
could be maintained by elaborate safety nets, intricate social hierarchies, and small technical
improvements (cf. [21]), but in the end, strong increases in scarcity could not be avoided.
Food prices skyrocketed, squeezing the demand for non-farm products; artisans lost their
livelihoods swelling the ranks of the rural poor and small farmers over-exploited their plots in
an effort to minimise their dependence on food markets (cf. [22]). Harvest failures or other
shocks pushed society into a spiral of interlocking vicious cycles of soil degradation, food
insecurity, rising conflict and disruption, which ended in demographic crisis. This
“Malthusian correction” released the pressure of population on the food supply. Wages rose
and farm prices fell, causing a decline in large farms and halting or reversing the process of
intensification. It initiated a low tide in economic development, which lasted until a new
population upswing prompted a new cycle.

In the late 19th century, a new phase of the Industrial Revolution broke the Ricardian
constraints [23]. Modern transport enabled the tapping of land reserves in temperate zones
outside Europe; industrial fertiliser accelerated the increase in yields; and fossil substitutes
freed farm production capacity that had been used for non-foods. For the first time in history,
international agricultural prices went through a series of price falls without this being caused
by a crisis in population. It ended the age-old problem of scarcity, but at the same time it
brought a new challenge. Low prices squeezed farm profits which entailed a decline of large
farms and threatened to slow agricultural growth. Western countries responded through
government support and co-operatives that bolstered knowledge infrastructures, moderated
the diseconomies of small farms, and ensured that frugal household producers kept margins
for investment [24]. Rather than leaving a sector with low earnings, farm families seized
upon the new technical and market opportunities to defend their incomes. It started a
treadmill of production growth, low prices and new innovations [25] that became the engine
of a new agricultural revolution of agri-chemicals, high-yielding varieties and mechanization.

The regime change that emanated from the ‘western’ world deeply affected other countries
too. The impacts varied depending on local conditions. East and South Asia had gone through
a long history of population growth, state formation, class differentiation and market
development. Farmers tended to organize on class basis, and a political class had emerged
with some feeling for long-term national interests. It stimulated ‘developmental states’ (cf. [26])
that followed the western response at some distance. The Japanese Empire invested in
irrigation and rural infrastructure and protected its farmers at the outer border. It enabled
significant agricultural growth, which after WWII got a new impulse by redistributive land
reform and US aid [27]. Rural incomes became an important demand factor for industries that
produced simple goods for domestic consumption. It facilitated the cross-subsidization of
industrial exports by which these countries established themselves as industrial powers.

Meanwhile in Asian colonies of European countries farmers were not supported. Population
increased, but low world market prices discouraged the farmer investment in land
management that was needed for sustainable intensification. Rural societies were pushed in
vicious spirals of poverty, population growth and resource degradation that suffocated
economic development [21, 28]. It reminded of pre-industrial Malthusian crises, but these
occurred because an agricultural revolution was exhausted, while here an agricultural
revolution was nipped in the bud. However, independence was a historical watershed. Several
new governments introduced supportive farm policies [29-32]. Together with the high-
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yielding seeds from international research institutions it led to the Green Revolution, which
became an engine of industrialization.

In the Americas, pre-Columbian Stone Age societies had been overrun by European invaders
with superior weapons and diseases for which they had no immunity [33, 34]. In the
(sub)tropical parts, where profitable export crops could be grown for the European market,
large plantations evolved that employed coercive labour systems to prevent workers from
using the abundance of land and setting themselves up as independent peasants. It created a
social divide between planter elites and rightless masses of rural workers, which encouraged
‘oligarchic’ political structures, hampered the development of simple consumer goods
industries, and reinforced the export orientation of the plantations [35, 36]. When international
agricultural prices fell, agrarian elites kept to open trade policies. Rather than calling for
protection, they used their dominance to shift the burden to the rural poor. In the end, they
evicted large numbers of rural workers to pave the way for cost-cutting mechanization. It
allowed a development of a kind, but one that involved more inequality, slower growth and
more socio-political tensions than in the West or the industrializing Asian countries [37, 38].

In Sub-Saharan Africa, endemic diseases and iron-armed warriors postponed the colonial
scramble until the time that international agricultural prices declined. It limited the establishment
of European-owned farms and plantations, as well as the evolution of larger indigenous
farms. Africa's agriculture became even more a smallholder agriculture than it already was.
Like in Asia, colonial governments failed to protect indigenous smallholder farmers, and
signs of Malthusian crisis appeared where land had been confiscated for white settlers [39-41].
Elsewhere, however, relative abundance of land provided an outlet for population growth. In
the 1960s, per capita incomes in Sub-Sahara Africa were still higher than in Southern Asia.
However, national independence brought no real breach with colonial farm policies.
Sub-Saharan African societies were little differentiated, had property rights in people rather
than material assets, and had more fluid and personalist socio-political relations [42, 43].
People tended to organize in clientelist factions rather than in class-based movements.
Politicians saw themselves obliged to remunerate large numbers of supporters with public
sector jobs, while farmers were too weakly organized to prevent footing the bill [6, 44].
Meanwhile, population growth was closing the safety valve that abundant land had provided.
The effect was felt when oil shocks and a new fall of international agricultural prices
deteriorated the input-output price ratios for farmers. On-farm investment in land management
remained too small to make the increase in population pressure sustainable [45]. The resulting
poverty pushed individual discount rates up. It reduced the value that people attached to the
future benefits of soil conservation or cooperative solutions for social dilemmas. Intra- and
inter-household conflicts increased [46], and civil society in the countryside degenerated into
counter-democratic networking [47]. The malaise drove many young people from the land,
but squeezed the demand for domestic industries and services, so that the rural exodus fuelled
political markets that were based on the doling out of public sector jobs. Civic organizations
became vehicles of competing migrant networks [48]. The burden of civil servants’ salaries
was shifted to farmers and squeezed investment in rural infrastructure, which only deepened
the agricultural crisis [49]. Donor-imposed reform sought to roll back the bureaucracies, but
the dominance of free market ideas obscured the underlying dynamics that made supportive
policies (including price policies) a sine qua non for development. Failing to redress the root
cause of the agrarian crisis, the reforms went not further than the liberalization of macro-
policies, and foundered on the resistance to public sector retrenchment.
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APPROACH: MODELLING

To elaborate this vision, test its consistency, and explore ramifications, we need a model that
can handle the co-evolution of population, natural resources, techniques and social
strategizing at local, regional and global scales. Although computer modelling is praised an
important tool in understanding complex, long term phenomena and assessing policy
instruments [50], traditional economic or ecological models are ill-suited for our study.
However, we think that a spatial specific multi-agent model can be used for this purpose.
Such a model provides a flexible structure [51] that can represent interactions between
phenomena that belong to different layers and scales of reality [52], and that are at the focus
of different disciplines [53, 54]. It also allows for the internal representation and goal-seeking
behaviour that characterizes human actors, without falling in assumptions of perfect
information and rationality of orthodox economic models [53].

There is a current tendency towards spatially explicit, highly sophisticated models that try
make concrete a one to one simulation of reality (examples PALM [55]), but our model is
abstract and theoretical like the FEARLUS model [56] and the early contributions to agent
based modelling (e.g. [57]). We use CORMAS software for building our multi-agent model.

There are important challenges in agent based modelling: the first is they demand much
computer power. Second, agent based models are difficult to test and validate [58]. A later
section of this paper, therefore, is dedicated to new methods for testing and validating the
model assumptions. A third drawback is that the details of agent based models are difficult to
describe and communicate [59]. To tackle this point we will use a widely tested protocol for
describing our model [59].

THE MODEL: DESCRIPTION

The model description follows the ODD (Overviews, Design Concepts and Details) protocol
for describing individual and agent based models [59] and consists of seven elements. The
first three elements provide an overview, the fourth element explains general concepts
underlying the model’s design, and the remaining three elements provide details. The last
element, containing an overview of the calculations and procedures in the models’
sub-modules, is provided in the appendix.

PURPOSE

The main purpose of the model is to gain insight in the long-term agricultural and
environmental changes of Sub-Saharan Africa, based on the hypothesis that Africa operates
as a pre-industrial society in an industrialized world economy. This insight is needed to
unravel the current unsustainability spiral in order to provide policy recommendations. The
unsustainability spiral has many dimensions and multiple scales. The model will serve as a
discussion support tool for the Dutch Directorate General for Development Cooperation
(DGIS) of the Ministry of Foreign Affairs.

STATE VARIABLES AND SCALES

Grimm [59] defines state variables as low-level variables that characterize the low-level
entities of the model. State variables are variables that characterize a level and cannot be
derived from other variables. However defining which variables are state 