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Abstract

Di!erent drivers and obstacles exist in management regimes aim-
ing to increase the managed system’s adaptive capacity. Hypotheses
based on a theory of adaptive management about conducive or deroga-
tory characteristics of management regimes are currently tested in case
studies and case study comparisons. As a complementary method to
field work agent-based models of management regimes are used to test
some of these hypotheses. Models are built using the conceptual frame-
work of Institutional Analysis and Development (IAD). Positions in
this framework are substantiated as Functional Groups identified as
being needed in order to build social memory. Rules in this framework
are implemented using the Grammar of Institutions. This combina-
tion of conceptual frameworks allows to implement di!erent regime
characteristics in a coherent way, di!ering only slightly in their imple-
mentation and allowing for comparison. A prototype model presented
in the appendix is an application of this framework to a simplistic
decision environment designed to mirror a series of economic experi-
ments. Changes in experimental design (e.g. including a sanctioning
mechanism or communication opportunities) are reflected in changes
of model elements. The model can be calibrated to replicate experi-
mental results and then be used to trace changes in model elements to
di!erent model outcomes. This elementary first implementation paves
the way for modelling real world settings. It aims at replication of
real world situations, using the corresponding models to trace which
elements are responsible for which kind of behaviour.
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1 Introduction

This paper reports on first steps of an ongoing modelling process. Ultimate
purpose is the creation of an agent-based modelling framework which allows
comparison of water management regimes regarding their impact on the
adaptive capacity (Berkes et al. [2003]) of the managed resource system.

The idea is to compare and contrast simulated regimes, which are mod-
elled based on the same conceptual framework. Thus they can be compared
to each other by comparing their di!erent parts. Since we are interested in
adaptive capacity, we need to go one step further than comparing regime
elements and create dynamic models. By modelling not only structure but
also dynamics, impacts on adaptive capacity can be traced back causally
to di!erent regime elements. This allows testing and refining of hypotheses
about which elements of a regime are conducive or derogatory with respect
to enhancing adaptive capacity.

The objective is to be able to compare regimes according to their parts
and interactions of their parts, while fulfilling a certain function, as for
example, flood and/or draught management, ecological goals, water supply,
or waste water treatment. The management regime is assumed to decide
on actions that a!ect the social and natural environment in such a way,
that the regime’s functionality is enhanced or declines. The fulfillment of
a regime’s goal is the means by which to measure its performance. This
kind of measurement of the e"ciency of interventions by their impact on
the modelled ecosystem has also been proposed by Doran [2001].

If we have a variable input, like alterations in water levels, precipitia-
tion, or water demand the regime’s ability to cope with these variable and
uncertain inputs can be investigated. If the regime is understood and mod-
elled su"ciently well, it can be traced, how the di!erent regimes process
the variable input and how they cope with it. Di!erent regime models can
be subjected to the same variable input and their performance can be mea-
sured. This idea is depicted in Figure 1. A high degree of abstraction and
simplicity of the regime models may, however, lead to model outcomes which
are meaningless with respect to real world cases. It is, therefore, necessary to
go through several steps of an iterative modelling process. In the meantime,
model results are hints at where to investigate further.

To achieve a first step in this iterative process, a model framework was
built using the Institutional Analysis and Development framework and re-
lated concepts. These frameworks and their application as a modelling
framework are described in Section 3. The approach is discussed in Sec-
tion 4.
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Figure 1: The idea behind this modelling approach is to create a framework in
which behaviour of regimes under certain environmental changes can be measured,
using their performance. The framework allows to look into the regimes not as
black boxes, but compare and investigate, which elements and functionality are

important for their specific behaviour.
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This model framework is applied to a simple environment in which the
data base is relatively broad compared to the simplicity of the decision envi-
ronment. This data is obtained from a series of economic experiments, which
were designed to capture essential characteristics of collective choice situa-
tions in common-pool resource dilemmas (Ostrom et al. [1994]). Since these
experiments are used throughout this paper as examples for the applica-
tion of frameworks and design of a corresponding model, they are presented
before the frameworks, in the next Section. The corresponding model is de-
scribed in Appendix A. Please note, that this experimental setting is simple
compared with real world situations, but highly complex, compared with
other economic experiments. Modelling this experimental situation can be
seen as a testbed for both the approach and the conceptual framework. Only
after this test, the framework is applied to real world situations based on
data gathered in case studies.

Appendix A is a model description contrasting a situation with and
without communication. The description follows the ODD protocol for de-
scribing agent-based models (Grimm et al. [2006]) and includs UML class
diagrams to illustrate the model.

2 Experiments

For a detailed discussion of the experiments, please refer to Ostrom et al.

[1994]. Here, only a brief overview is given. Each experiment has been con-
ducted with eight participants. Decisions were made anonymously. Partici-
pants were endowed each round of an experiment with 10 (low endowment)
or 25 (high endowment) tokens. They had to decide, how much of these
tokens to invest in a common-pool resource (market 2) with a negatively
quadratic return function of total tokens invested. The expected returns
were given to participants in form of a table. All uninvested tokens were
automatically invested in an outside opportunity (market 1) with a fixed
return per token. In the parameter setting of the experiments, group opti-
mum is at a total investment of 36 tokens in market 2, which corresponds to
4.5 tokens per participant. The Nash strategy is 9 tokens per participant.
The experiment was conducted for 25 to 30 rounds.

Alterations of this baseline scenario include

• probabilistic deterioration of the common-pool resource depending on
exploitation (previous investments)

• the possibility to pay a fee in order to fine another participant
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• the possibility to meet face-to-face with the other participants and talk
about investment decisions

• the possibility to decide in such a communication phase on adoption
of a sanctioning rule

3 Frameworks

Frameworks used for model design are the Institutional Analysis and Devel-
opment (IAD) framework (Ostrom et al. [1994]; Ostrom [2005]), Grammar
of Insitutions (Crawford and Ostrom [1995, 2005]), and Functional Groups
(Folke et al. [2003]; Olsson et al. [2004]).

The framework presented in Figure 2 as a UML class diagram is a
straightforward implementation of the IAD framework, using functional
groups as positions and describing rules with the grammar of institutions.
It presents an overview of the first implementation of the model framework,
which needs to be refined and anchored to reality in further steps. The
frameworks and their adaptation in the modelling framework are discussed
in the following subsections. This model design has been developed in collab-
oration with the management and transition framework (MTF) development
process in the NeWater1 project.

3.1 The IAD Framework

Elinor Ostrom and her colleagues pose the question whether there are uni-
fying building blocks in diverse, regularized social interactions, which can
help to explain human behaviour in these situations. They answer with yes,
there are indeed building blocks, holons, we can find in diverse situations,
which seem to explain di!erences and similarities of human behaviour in
these situations (Ostrom et al. [1994]; Ostrom [2005]). The Institutional
Analysis and Development (IAD) Framework is a “multilevel taxonomy of
the underlying components of the situations human actors face” (Ostrom
[2005, 6]). It consists of holons identified to be universal building blocks,
but also gives some means for analyses of meaning of holons and of their in-
teractions. This characteristic of the framework makes it most suitable as a
theoretical basis for an object-oriented computer model. Furthermore, since

1NeWater – New Approaches to Adaptive Water Management Under Uncertainty,
Integrated Project in the 6th EU framework programme, CONTRACT No 511179
(GOCE), PRIORITY 6.3 Global Change and Ecosystems, Project Duration: 01.01.2005
- 31.12.2008, <www.newater.info>
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Figure 2: UML diagram of the IAD framework by Ostrom [2005] extended by Functional groups according to Folke and
Berkes [2003] extended by a number of classes for the application to water management regimes.
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one important holon in the IAD framework is the decision making actor, it
can be directly used as a theoretical basis for agent-based models. Decision
making actors in the IAD are programmed as decision making agents in
a model, together with their capabilities and flaws concerning information
processing and decision making.

The various holons of the IAD framework and their application in the
model example are discussed next.

3.1.1 Action Arena

The first holon, intruduced here, is the action arena, ”in which two holons
– participants and an action situation – interact as they are a!ected by
exogenous variables [...] and produce outcomes that in turn a!ect the par-
ticipants and the action situation” (Ostrom [2005, 13]). This means, we
first model the arena in which a situation takes place. Exogenous variables
are the environment of the agents, but also rules and other community at-
tributes. Outcomes of interactions taking place within the action arena have
an impact on exogenous variables and the arena itself.

In the experiment example, one experimental session is modelled as an
action arena. The eight participants are the participants in this action arena,
one game is an action situation, which is repeated in this action arena 25
to 30 times. In the model, therefore, action situations are experimental
sessions and the specific rules for this session, for example whether or not
communication and sanctioning are allowed, are exogenous to the situation.
A further exogenous element is the return function for the common pool
resource, modelled as the laboratory river system.

3.1.2 Action Situation

An action situation can be described and analyzed using seven clusters of
variables: “These are: (1) the set of participants, (2) the positions to be filled
by participants, (3) the potential outcomes, (4) the set of allowable actions
and the function that maps actions to realized outcomes [action-outcome
linkages], (5) the control that an individual has in regard to this function,
(6) the information available to participants about actions and outcomes
and their linkages, and (7) the costs and benefits – which serve as incentives
and deterrents – assigned to actions and outcomes” (Ostrom [2005, 32]).
Participants are assigned to positions and possible actions of a participant
depend on his or her position. Actions are linked to outcomes, and both
actions and outcomes have costs and benefits assigned to them. Partici-
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pants have possibly limited information on the linkages between actions and
outcomes, and some kind of control over this link.

The question what is internal and external to an action situation, as well
as what is an action and what is an outcome, depend in part on the focus
of analysis. For the experimental baseline scenario we define an action as
an investment decision. Outcomes of these actions are first of all straight-
forwardly the payo! impacts they have. The control is partial, because the
outcome of a participant depends not only on his or her investment decision,
but also on the other participants’ decisions. Outcomes are also expectation
changes of other participants. But on this latter link, participants have no
information and no control. In experiments with probabilisitic deterioration,
outcomes are also resource e!ects.

In communication settings, an action could be a statement made by a
participant, for instance regarding his or her willingness to follow a proposed
joint strategy. The outcomes in this case, are expectation changes on the
side of the listeners. These expectation changes can be expected and utilized
by participants who either strive to reach an agreement or seek to exploit an
agreement. Even without an agreement, a discussion can alter perception
of a situation. In this particular case, for example, many participants may
not view the situation as a social dilemma, until and unless they talked with
others about their respective experiences.

If sanctioning is allowed and exerted, outcomes include payo! e!ects
of fees and fines and, again, expectation changes of all participants. In
principle, it is possible to establish group norms by using sanctioning, even
without communication.

For real world management processes, there will be subclasses of action
situations defined, which mirror phases in an adaptive management cycle or
stages in double loop learning processes (Argyris and Schön [1978]). In these
stages di!erent kinds of actions can be chosen, including actions, which lead
to further stages or back to previous stages.

3.1.3 Participants

“Participants in an action situation are decision-making entities assigned to
a position and capable of selecting actions from a set of alternatives made
available at nodes in a decision process. The participants in action situations
can also be corporate actors” (Ostrom [2005, 38]).

For a model of the IAD framework, the decision-making process is the
most di"cult to implement. Participants of action situations are modelled
as agents with heterogeneous attributes, preferences and decision making
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heuristics (Ebenhöh [2006]; Ebenhöh and Pahl-Wostl [2006]). Decision-
making can be implemented in various ways, as has been shown by a great
variety of agent-based models. However, the main idea in the IAD frame-
work is that participants choose among a set of actions those that promise
outcomes (according to their information on action-outcome linkages) which
lead to benefits according to their individual and/or joint evaluative criteria.
Heterogeneity and information availability influence decision making. From
the same set of actions, di!erent agents can choose di!erent actions, be-
cause of their individual attributes, preferences, information, or information
processing capacities, which may be limited. As we will see in Appendix A,
one of the most important determinants for decision-making is expectation
building. Expectations of others’ behaviour may depend on institutional
statements, experiences, calculations, or strategies. Model results poten-
tially vary greatly with variations in the decision-making process. Decision
making is, therefore, a module in the modelling framework, which can be
exchanged, corresponding to di!erent theories on decision making. This
enables testing of results under these di!erent theories.

3.2 Grammar of Institutions

The grammar of institutions (Crawford and Ostrom [1995, 2005]) is a log-
ical syntax, in which institutional statements can be represented as well
as compared and contrasted. Institutional statements “describe opportuni-
ties and constraints that create expectations about other actors’ behavior”
(Crawford and Ostrom [2005, 137]). It is a logical language and therefore
useful for implementing institutions as constraints for agent behaviour in an
agent-based model.

According to this syntax, a rule consists of five components: attributes,
deontic, aim, conditions, and an “or else” statement.

• Attributes define any attributes needed to distinguish actors from each
other, in order to define to whom an institutional statement applies.

• A deontic statement is either permission, obligation, or forbiddance,
that is “may,” “must,” or “must not”, respectively.

• An aim defines what it is that may, must, or must not be done.

• Conditions define states of the world in which the rule applies.

• The“or else” statement defines consequences for not following the rule.
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The grammar distinguishes strategies, norms, and rules. Strategies con-
sist of attributes, aim, and conditions. If a deontic is added, a strategy
becomes a norm. A rule includs all five elements.

In the model of the experiment example, a strategy has been imple-
mented in the form: Cooperative agents invest no more than 9 tokens. 9
tokens happens to be the Nash equilibrium in the implemented parameter
set and this strategy suggests not to take more than that. The attribute in
this case is “cooperative agents”, defined as all agents with a cooperativeness
of 0.5 or higher (attribute values vary between 0 and 1). Less cooperative
agents, in this case, do not adopt this strategy, beause they may try to gain
more if they expect general investment to be low. The aim is to “invest
no more than 9 tokens”, and the condition is “always”: All agents with

cooperativeness 0.5 or higher - invest no more than 9 tokens - always.
During a communication round, however, not only strategies, but also

norms and rules can be established. Consider, for example: All participants

who signaled compliance - must - invest 5 tokens - as long as all comply, -

or else, in the next round, all invest 12 tokens.

In this example, the attribute is “those who signaled compliance in a
communication round”. The deontic is “must”. The aim is to “invest 5
tokens”. The condition is that it has not been violated. And the “or else”
statement is to invest 12 tokens for one round. By defining what happens, if
a norm is not followed it turns into a rule. Whether or not agents follow the
rule depends on their individual preferences and on how severe they judge
the sanction to be in comparison with the benefits of not complying.

The judgement of sanctions depends not only on the “or else” part, but
also on monitoring and actual exertion of the sanction. If rule violation is not
monitored or no one is willing to exert the punishment, potential sanctions
do not carry much weight. The rule is not e!ective. On the other hand, a
combination of shared strategies with no explicit sanctions mentioned may
be e!ective, if the choice of future actions is depending on compliance in the
past.

3.3 Functional Groups

The IAD framework identifies positions as one holon, which is an important
factor of action situations. The modelling approach used here is to define
functional groups (Folke et al. [2003]) as pre-defined positions in action sit-
uations, which can either be present and filled, or not. Other positions are,
of course, still possible and needed.

The IAD framework is extended in some detail here in order to focus
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on adaptive capacity. According to Folke et al. [2003] there are a number
of processes needed to build resilience and enhance adaptive capacity in
social-ecological systems, which include: learning to live with change and
uncertainty, sustaining social-ecological memory, combining di!erent types
of knowledge, and creating opportunities for self-organization. They identify
eight functional groups, that is roles, which are needed for creating and
sustaining social memory. These groups also play their parts in dealing
with change, combining knowledge, and facilitating self-organization. These
eight groups are given in the left column of Table 1.

This extension of the IAD framework by functional groups is not as triv-
ial as it may seem. Positions according to Ostrom define possible actions for
participants holding these positions. If a position is identified with a cer-
tain functional group, this entails that the functional group defines possible
actions. In part, possible actions of functional groups can be drawn from
Folke et al. [2003] and Olsson et al. [2004]. Dietz et al. [2003] also gives a
list of possible actions in collective choice situations. These approaches are
synthezised in a tentative list, given in Table 1.

In this application I chose to model functional groups as positions rather
than types of players, because their function in the model is to define possible
actions for participants in these positions. However, an alternative approach
would be to implement them as types of players, which would emphasis
the aspect that taking such a position depends on individual attributes of
participants.

In the baseline experiment, the only functional group identified is knowl-
edge carrier. Each participant collects the knowledge of past rounds. On
this basis individual strategies can be developed.

In communication experiments stewards suggest to decide on joint strate-
gies, and reinforcers argue to commit to these ideas.

Sanctioning can also be seen as a way of reinforcement.
In experiments with probabilistic deterioration, there is even more room

for knowledge gathering and sense making.

4 Discussion

Using this combination of frameworks as template for the model was very
useful in transferring decision situations into computer code. Holons as
well as institutional statements could be identified and described with some
precision, although not entirely unambiguously.

However, the model presented in Appendix A has not been fitted to repli-
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Functional Group Possible Action
Knowledge carriers Provide information on practical knowledge

Provide information on e!ects of di!erent behaviour
Provide information on disturbances

Sense makers Make abstract knowledge accessible for decision making
Recognize patterns
Analytic deliberation

Innovators Bring together knowledge from di!erent cultures
Create novelty
Conduct experiments to learn about uncertainties

Visionaries Initiate renewal and reorganization
Analytic deliberation
Create visions of desirable future states

Stewards Propagate vision
Create rules
Alter attitudes

Networkers Deal with conflict
Facilitate deliberation
Enable nesting of decision making

Reinforcers Corroborate vision
Induce rule compliance

Implementers Apply innovations

Table 1: Possible actions for positions synthesised from Folke et al. [2003] and
Dietz et al. [2003].
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cate experimental data, which it does only to a limited extent. The reason
for this lack of data replication compared to Ebenhöh [2006] is the focus on
the implementation as a framework. Since the goal is to implement decision
making as generic as possible, it does not fit the specific decision making very
well. One example clarifying these conflicting goals is the “highest return”
evaluative criterion (see Appendix A). The experimental data sets for the
high endowment treatment start out at gross over-exploitation, which are
usually explained by a lack of understanding of the environment, although
participants have a table listing returns for various levels of total invest-
ment. If we assume at least some of the participants to adopt an evaluative
criterion of “highest return”, in order for them to make high investments,
their expectations of others’ investments would have to be very low. Con-
sequently, a better data replication is achieved bz redusing the number of
agents adopting the evaluative criterion of highest return. On the other
hand, this criterion seems to be important in more realistic, higher-stakes
situations. The most important and di"cult aspect in a variable environ-
ment, like this experimental environment, is expectation formation. In the
beginning, humans and agents have no way of knowing what the others will
do. Later, experiences may be the source for expectations, but since most
human participants and software agents continually change their behaviour,
this is not necessarily a good way of forming expectations. In the model,
this problem has not been resolved.

One aspect of the model framework is supposed to be the possibility to
trace influences of elements on outcomes. The model description given in
Appendix A contrasts a situation with and without communication. Com-
munication enables two more positions to be filled, namely stewards and
reinforcers. Their behaviour changes expectations of participants and insti-
tutional statements. In this case, tracing of communication possibilities to
spreading of shared strategies is possible in the model. Di!erent e!ects of
communication, like trust building, information exchange, and institutional
change, can be modelled separately. Thus, as described in the introduc-
tion and shown in Figure 1 two regimes have been modelled quite similarily,
di!ering only in one aspect, the possibility of face-to-face communication.
The comparison can be based on total payo!, similarily to the comparison
of experimental data in Ostrom et al. [1994]. No variations in input, like a
variable environment, have been investigated so far. The model design was
intended as a test of applicability of the frameworks as model template, and
this test, we conclude, was successful. Tracing of impacts of regime elements
on outcomes is possible.

However, communication and its impacts can, of course, be modelled in
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many di!erent ways (Deadman et al. [2000]; Ebenhöh [2006]). The way in
which a real world process is replicated in a model determines what happens
in a model. If the model is used as a social simulation model of a real-
world situation, careful data collection and validation by domain experts is
necessary.

The problem of ambiguity is alleviated, but not entirely solved by using
IAD as a common framework for models of collective choice situations. Mod-
els help to contrast di!erent representations of reality and their functionality
within the modelled system.

The ongoing modelling process, of which this paper presents a first step,
will use the modelling template developed on the basis of these frameworks
for investigating di!erent elements of water management regimes. Data will
be based on case study research and expert knowledge. While the modelling
process helps to extract abstract processes out of real world situations, case
study research helps to anchor models to the real world.

Social simulation in this sense fits to the idea of adaptive management,
which sees management practices as experiments to test responses of ecolog-
ical and of social systems. Experiments as computer simulations may help
to increase confidence in experimentation with the real-world.

A Model description

The model description follows the ODD (Overview, Design, Details) protocol
for describing individual and agent-based models (Grimm et al. [2006]).

A.1 Overview

The model framework introduced in Figure 2 is adopted to the experimen-
tal baseline scenario and situations with communication possibilities as de-
scribed in Section 2. A UML class diagram of the application to the ex-
perimental baseline scenario is presented in Figure 3, a UML class diagram
including communication possibilities is shown in Figure 4.

This version of the model runs as Java applet on:
http://www.usf.uos.de/!eebenhoe/newater/appropriation.0.8.html

A.1.1 Purpose

The purpose of this model is to investigate impacts of communication pos-
sibilities on participants’ behaviour. Communication is not reduced to in-
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Action arena

−action situations : ActionSituation
−actors

NoMoreThanNash

−attributes = cooperative
−aim = ExtractResource.efficiency<=9
−condition = 1

LabRiverSystem

−resource function = −.23x^2+25x

ASLabExperimentBaseline

−assets = 25
−actions = {ExtractResource}
−rules = {CommunicationBan}
−positions = {KnowledgeCarrier}

LabExperimentParticipant

−resources = assets
−positions = {KnowledgeCarrier}

CommunicationBan

−attributes = isInLabExperiment
−aim = ProvideKnowledge
−deontic = forbidden
−condition = 1
−orElse = endExperiment

CooperativeLabExpParticipant

−preferences = cooperative
−adoptedRules = {DontCheat}

KnowledgeCarrier

−ExtractResource
−ProvideInformation

ProvideInformation

−Memory

ExpectationEffect

−value

TableOfReturns

−availability = full

ExtractResource

−efficiency

MemoryOfTurn

−investment

ResourceEffect

−amount

HighestReturnCloseToLastEquality

Figure 3: UML class diagram of an application of the model framework to the baseline experiments of appropriation games.
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Action arena

−action situations : ActionSituation
−actors

ASLabExperimentCommunication

−rules = {10minCommunication}
−possibleOutcomes = {SharedStrategy}
−positions = {KC,Steward,Reinforcer}

NoMoreThanNash

−attributes = cooperative
−aim = ExtractResource.efficiency<=9
−condition = 1

Invest4

−attributes = hasagreed
−aim = ExtractResource.efficiency=4
−condition = noonecheated

LabRiverSystem

−resource function = −.23x^2+25x

LabExperimentParticipant

−resources = assets
−positions = {KnowledgeCarrier}

−positions = {KC,Reinforcer}

SupportiveLabExpParticipant
CooperativeLabExpParticipant

−preferences = cooperative
−adoptedRules = {DontCheat}

−positions = {KC,Steward}

ImaginativeLabExpParticipant

10MinuteCommunication

−deontic = allowed
−orElse = null

Steward

−SuggestSharedStrategy

SuggestSharedStrategy

−SharedStrategy

KnowledgeCarrier

−ExtractResource
−ProvideInformation

ProvideInformation

−Memory

Reinforcer

−SupportSuggestion

SupportSuggestion

−Action
−SharedStrategy

ExpectationEffect

−value

TableOfReturns

−availability = full

PreferenceEffect

−value

ExtractResource

−efficiency

RuleEffect

−SharedStrategy

MemoryOfTurn

−investment

ResourceEffect

−amount

HighestReturn

ActionEffect

−Action

CloseToLastEquality

With communication 
this is a collective 
choice action arena.

Figure 4: UML class diagram of an application of the model framework to appropriation experiments with communication.
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formation on the decision environment, but encompasses expectation and
preference changes.

This first implementation is also used to create a model structure which
provides a framework in which, later, di!erent governance institutions and
stakeholder behavioural patterns can be altered and added in a modular way.
By this process the social environment of stakeholders’ decision making can
be successively refined.

A.1.2 State variables and scales

Decision making agents are called participants, their decisions are made us-
ing di!erent actions which are filtered according to the participant’s adopted
institutions and their evaluative criteria. Actions have direct and indirect
e!ects on their actors, receivers, and the decision environment. These five
categories are discussed in turn.

A.1.2.1 Participants Participants are identified by a serial number,
they have individual, heterogeneous attribute values (cooperativeness, con-
formity, fairness concerning others and fairness concerning itself (envy), pos-
itive and negative reciprocity) as well as a heterogeneous aspiration level.
They accumulate resources. They are assigned one or more positions. Cur-
rently, this assignment is done by the environment. Depending on positions,
they have a set of possible actions. These possible actions are filtered in a
two-step process. The first step depends on the institutions a participant
accepts as constraints on its behaviour. This depends on the individual im-
portance of the institution and the participant’s value for conformity. Only
actions which are not forbidden by adopted institutions go through this
filter to the next step of considered actions. Considered actions are eval-
uated according to one or more evaluative criteria. The action with the
best expected results is chosen, or a random one of those that are equally
good. Participants also have memory of previous decision situations and
have and alter expectations about other players’ attribute values as well as
the actions they might choose. Expectation formation is a learning direction
process which is the same for all participants.

A.1.2.2 Decision Environment In this first implementation the envi-
ronment is a two market system, the first market being an outside oppor-
tunity which yields a fixed return per input token, the second market being
a common-pool resource which yields a return depending on total invest-
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ment featuring a negative quadratic function (Ostrom et al. [1994]).2 As
positions, this simple environment only defines “knowledge carrier”, since
all participants investing in market 2 learn about returns from market 2.

In experiments with communication, the model introduces two more
positions: “Steward” and “Reinforcer”. Stewards have the possible action
to suggest a shared strategy. Reinforcers can support a suggested shared
strategy.

A.1.2.3 Actions Possible actions for knowledge carriers in this environ-
ment are all possible choices how much to invest in market 2. In the high
endowment treatment participants can invest from 0 to 25 tokens in market
2.

The action to suggest a shared strategy assigns all participants this in-
stitution with a low importance. The more reinforcers support a shared
strategy, the higher becomes the importance of this shared strategy for the
other participants.

A.1.2.4 Institutions There is one institution implemented in the base-
line scenario. This is called “NoMoreThanNash” and suggests to invest no
more than the symmetric Nash strategy, which is 9 tokens in the given pa-
rameter set. Adoptation of this institution depends on individual conformity
values.

In communication scenarios the communication can result in a spreading
and adoption of a shared strategy suggesting to invest the group optimum,
which is 4 or 5 tokens. 3

A.1.2.5 Evaluative Criteria All actions, which are considered by a
participant to be possible according to adopted institutions are tested ac-
cording to one or more evaluative criteria. For this, the participant formu-
lates expectations of others’ behaviour and the decision environment pro-
vides expected results to constellations of chosen actions and expectations.

Evaluative criteria in this model include “highest return”, “equality”,
“closeness to last action”, and “random choice”. If the latter is used, it
filters out a single action out of the remaining set of actions, which could not
be distinguished by previously applied evaluative criteria. “Highest return”

2The parameter constellations are taken from the series of experiments in Ostrom et

al. [1994].
3Note: The condition “NoOneCheated” indicated in Figure 4 is not yet implemented.
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and “equality” refer to expected outcomes, while the other two refer directly
to the action.

A.1.3 Process overview and scheduling

In order to implement repeated decision making, a number of steps are
repeated in the model, which are presented in the following list, four steps
making up a game turn. In the beginning, a setup phase is used to create
heterogeneous agents and their environment. In the current implementation
25 game turns are repeated.

1. Initialization

All alterations that need to be made before agents make their decisions
are made in the initialization phase. This includes endowment with
assets and possible changes in the environment and institutions.

2. Agent Decision Making

Agents perceive their environment to a limited extent. They learn
about their return and the others’ investment decisions. This knowl-
edge is used to alter expectations. Predictions are made for them by
the decision environment. Agents assess their options and evaluate
expected outcomes according to some evaluative criteria. Then they
choose one of the options available, in this case the decision is how
much to invest in the common-pool resource (market 2). Decision
making is quasi-simultaneous. No agent learns of other agents’ deci-
sions before making its own choice and decisions’ e!ects are triggered
when all decisions have been made.

3. Environment Reaction

Agents’ decisions have an impact on the environment. In this case the
total investment in the common-pool resource determines the return
from this investment. All agents are informed about their gains and
losses and the decision total or average decision.

4. Data Collection and Learning

Data is collected and displayed. In this phase, agents’ learning pro-
cesses can be triggered.

5. Meta Decisions (optional)
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If a need for decision making outside the operational action arena
(which includes investment and sanctioning decisions) arises and the
possibility for this exists (communication phases between turns), phases
1 to 4 are triggered in a collective choice action arena (communication)
or constitutional action arena (communication on a decision to adopt
a sanctioning institution). Results from decision making in these can
have an impact on participants’ preferences and on institutions in the
operational action arena, which is then resumed by repeating phases
1 through 4.

In the current implementation there are two types of communication
settings, a one-shot communication after the 10th game and repeated
communication from the 10th game on.

A.2 Design concepts

A.2.1 Emergence

System level phenomena result from individual decision making, but the link
is straight forward. However, although the function determining the return
rate of market 2 is deterministic, the development of the variable “total
investment” as the sum of participants’ decisions is an emergent property of
the system.

A.2.2 Adaptation

Decision behaviour of participants is modelled in an adaptive way in the
sense that they decide to increase or decrease their investment according
to previous results, the observed (average) behaviour of others and their
institutions and evaluative criteria.

A.2.3 Prediction

Since the outcome is unpredictable for a participant, because it can not
know other participants’ decisions, prediction is not part of the baseline
model other than the expectation that others behave as they have in the
previous round.

A.2.4 Sensing

In addition to their own outcomes, participants are informed about the indi-
vidual decisions of other participants between turns. During communication
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rounds they are informed of proposed shared strategies.

A.2.5 Interaction

Interaction only happens during communication rounds (and through sanc-
tioning, which is not discussed here). In communication rounds a steward
may suggest a shared strategy. This is then added to known institutions
of all participants with a low importance. Reinforcers can then support
the strategy which increases its importance for all participants and thus the
likelihood that it is followed.

A.2.6 Stochasticity

Preferences (attributes) and aspiration levels are generated by a random
number generator. This process can be altered to investigate group e!ects.
Attributes are equally distributed random numbers between 0 and 1. The
attributes define whether to adopt an institution, which evaluative criteria
to use, and which positions can be taken.

A.2.7 Collectives

A communication phase can be seen as a collective. A joint decision emerges
from proposals of individual participants and others’ indication of support.
However, decision making following a communication phase is again under-
taken individually.

A.2.8 Observation

An omniscient modeller observes the total investment and individual in-
vestment decisions, positions taken, and actions chosen. Further, for each
participant a decision path and its experiences are collected.

A.3 Details

The model is run with a single decision environment including eight par-
ticipants and repeated for 25 rounds. It runs in three di!erent treatments,
either with no communication, with a one-shot communication after round
10, or with repeated communication from round 10 on.
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Institution Attribute Range

NoMoreThanNash conformity " 0.5
Evaluative Attribute Range

Criterion

1. Highest return cooperativeness < 0.33
2. Random choice
1. Close to last cooperativeness " 0.33
2. Random choice fairness < 0.67
1. Equity cooperativeness " 0.33
2. Random choice fairness " 0.67
Position Attribute Range

Steward fairness > 0.8
Reinforcer cooperativeness > 0.5
Action before start Attribute Range

Invest 5 envy < 0.37
Invest 10 envy " 0.37

< 0.58
Invest 15 envy " 0.58

< 0.83
Invest 25 envy " 0.83

Table 2: Initialization of institutions, evaluative criteria, and positions during com-
munication according to attribute values.

A.3.1 Initialization

Participants’ attributes are initialized randomly. On the attribute values
depend adoption of institutions, use of evaluative criteria, and positions
during communication according to Table 2.

The institution “NoMoreThanNash” is initialised with the Nash strategy
of 9 tokens.

All evaluative criteria except “Closeness to last” are initialized with an
epsilon of 0.05. This means that outcomes which di!er by less than epsilon
are treated to be equal. “Closeness to last” treats actions as close which are
less than 5 steps from each other in the vector of actions.

Steward and reinforcer are initialized with the shared strategy of the
group optimum. In this implementation this equals investment of 4 tokens.4

4Note: 5 tokens would yield the same result. It would be interesting to implement both

22



Expectations are initialized as a random investment between 0 and a
maximum initial expectation set per default at 10.

For the evaluative criterion “closeness to last” the actions assumed to
have been chosen before the model starts are set to initial values depending
on the value for cooperativeness of a participant. The initialization of the
actions in round -1 are also given in Table 2.

A.3.2 Input

No input is needed except for the parameters given in Ostrom et al. [1994].

A.3.3 Submodels

The setting without communication, with one-shot communication, and
with repeated communication are submodels presented here. However, this
implementation is to be complemented with sanctioning submodels and sub-
models including probabilisitic deterioration of the resource.
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Espen Strand, Sami Souissi, Richard A. Stillman, Rune Vabo, Ute Visser,
and Donald L. DeAngelis. A standard protocol for describing individual-
based and agent-based models. Ecological Modelling, 198(1-2):115–126,
2006.

Per Olsson, Carl Folke, and Fikret Berkes. Adaptive comanagement for
building resilience in social-ecological systems. Environmental Manage-

ment, 34(1):75–90, 2004.

Elinor Ostrom, Roy Gardner, and James Walker, editors. Rules, games,

and common-pool resources. Ann Arbor, Michigan: The University of
Michigan Press, 1994.

Elinor Ostrom. Understanding Institutional Diversity. Princeton University
Press, 2005.

24


