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Preamble

Different drivers and obstacles exist in management regimes aiming to increase the managed system's 
adaptive  capacity.  Hypotheses  based  on  a  theory  of  adaptive  management  about  conducive  or 
derogatory characteristics of management regimes are currently tested in case studies and case study 
comparisons. In task 1.2.3, a complementary method to field work is investigated: An agent-based 
model of management regimes is used to test these hypotheses. The model is built on the conceptual 
framework  of  Institutional  Analysis  and  Development  (IAD) (Ostrom et  al.  1994,  Ostrom 2005). 
Positions in this framework are substantiated as Functional Groups identified as being needed in order 
to  build  social  memory  (Folke  et  al.  2003).  Rules  in  this  framework  are  implemented  using  the 
Grammar of Institutions (Crawford & Ostrom 1995, Ostrom 2005). This conceptual framework allows 
to  implement  different  regime  characteristics  in  a  coherent  way,  differing  only  slightly  in  their 
implementation and allowing for comparison. 

The prototype model  presented here is  the  application of  this  framework to  a  simplistic  decision 
environment  designed  to  mirror  a  series  of  economic  experiments.  Model  changes  necessary  to 
replicate data while moving from one experimental design to the next (e.g. including a sanctioning 
mechanism or communication opportunities) are reflected in different elements of  the model. The 
model can be calibrated to replicate experimental results and then be used to trace changes in model 
elements  to  different  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.

The model can be tested on the webpage:
http://www.usf.uos.de/~eebenhoe/newater/appropriation.0.8.html

The author is grateful for the support of the European Commission in providing funds for this research 
and to the national organisations contributing to the project.

Eva Ebenhöh

 NeWater  project
December 2006
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Executive Summary

This report is the report of the NeWater project on the first prototype of a modelling framework to 
investigate impacts of different management regimes on the adaptive capacity of a regime. Due to time 
constraints the model is abstract and its first prototype, introduced here, is rather simplistic. The goal 
of this modelling approach is to create a framework which allows to model different management 
regimes  with  different  tasks  on  the  same  conceptual  framework.  It  rests  on  three  theoretical 
foundations:

1. The Institutional Analysis and Development framework (IAD) developed by Elinor Ostrom 
(Ostrom 2005). 

2. A theory of Functional Groups (Folke et al. 2003), which become positions or roles in the IAD 
framework. 

3. Institutions are modelled using the Grammar of Institutions (Crawford & Ostrom, 1995).

In this prototype model, the conceptual framework is applied to a simple decision environment, which 
was used for economic experiments (Ostrom et al. 1994). This simple environment with an extensive 
data base is used as a test case for the framework and to develop the JAVA classes re-used in later 
applications of the model.

Later applications are concerned with more realistic settings and rest on research conducted in various 
case studies within the NeWater project.  These include the sub-cases Wupper, Kromme Rijn, and 
Niederrhein. The model framework will also be used for a replication of a model developed in the 
Amu Darya case study. Model replication is an important validation method.

The framework and its  first  applications should make it  possible  to create new models  of  further 
management regimes with less effort.  It  further makes comparisons of  different  regimes possible, 
since the regime models rest on the same conceptual framework. By using the method of modelling, 
field work as conducted within case studies is complemented with a method allowing for testing of 
regime alterations. Contrary to the real world, in a model it becomes possible to exchange parts of 
regimes and investigate impacts of these alterations. Since this is not possible in the real world, this 
kind of model exploration can not be easily confirmed with data. Model results should always be 
handled with care.

The model can be tested on the webpage:
http://www.usf.uos.de/~eebenhoe/newater/appropriation.0.8.html
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Concepts and Methods 

1 Concepts and Methods 
Ultimate  purpose  of  this  model  is  to  create  a  framework  which  allows  investigation  in 
impacts of different characteristics of management regimes on the adaptive capacity of the 
managed system. Different regimes are modelled within the same conceptual framework and 
thus can be compared to each other by comparing the different parts. By modelling not only 
structure but also dynamics, impacts on adaptive capacity can be traced to different regime 
elements. This allows testing of hypotheses about which elements of a regime are conducive 
or derogatory with respect to enhancing adaptive capacity.

The advantage of this modelling approach is that we can take out or add specific elements of 
a regime, which is not possible in the real world.

Generalisability of results depends on anchoring models to real world data. This can be done 
by using data from case studies for model applications. However, data that is sufficient for 
unambiguously defining model behaviour is nearly impossible to obtain. Therefore, model 
results will necessarily have to be handled with care.

1.1 Approach 

The idea behind this framework is to be able to compare different regimes according to their 
parts and interactions of their parts, while fulfilling a certain functionality. This functionality 
can  be,  for  example,  flood and/or  draught  protection,  ecological  goals,  water  supply,  or 
waste water treatment. The management regime is assumed to make decisions which affect 
the  social  and  natural  environment  in  such a  way,  that  the  functionality  is  enhanced  or 
deteriorates.  The  fulfilment  of  a  regime's  goal  is  the  means  by  which  to  measure  its 
performance. If we have a variable input, like alterations in water levels, precipitation, and 
water demand, the regime's ability to cope with these variable and uncertain inputs can be 
investigated. If the regime is understood and modelled sufficiently well, it can be traced, how 
the different regimes process the variable input and how they cope with it. Different regime 
models can be subjected to the same variable input and their performance measured. 

This idea is depicted in Figure 1. A high degree of abstraction and simplicity of the regime 
models is necessary given the time constraints. The results can, therefore be only hints at 
where to investigate further. 

1

Figure 1: The idea behind this modelling approach is to create a framework in which 
behaviour of regimes under environmental changes can be measured, using their perfor

mance. 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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The  approach  used  here  to  achieve  a  first  step  towards  this  goal,  is  to  build  a  model 
framework using the Institutional Analysis and Development framework and other related 
concepts to create a model framework, which allows comparisons of parts and functionality 
of management regimes. This model framework is first applied to a simple environment in 
which  the  data  base  is  relatively  broad  compared  to  the  simplicity  of  the  decision 
environment.  This  data  is  obtained  from a series  of  economic experiments,  which were 
designed to capture essential characteristics of collective choice situations in common-pool 
resource dilemmas (Ostrom et al. 1994). Please note, that this experimental setting is simple 
compared with real world situations, but highly complex, compared with other economic 
experiments. Model implementation of this experimental situation can be seen as a testbed 
for  both  the  approach  and  the  conceptual  framework.  If  the  model  framework  leads  to 
satisfactory results  in this simple environment,  it  can be applied to real world situations 
based on data gathered in case studies. The series of experiments is introduced in the next 
Subsection. 

Theories  used  for  model  design  are  the  Institutional  Analysis  and  Development  (IAD) 
framework (Ostrom et al. 1994, Ostrom 2005), Grammar of Institutions (Crawford & Ostrom 
1995,  Ostrom 2005),  and  Functional  Groups  (Folke  et  al.,  2003).  The  theories  are  not 
discussed in this report.  Please, refer to the original literature. Instead, the framework is 
presented in Figure 2 as a UML class diagram. 

The framework is  a  straightforward implementation of  the  IAD framework extended by 
functional groups. This extension is not as trivial as it may seem. Positions according to 
Ostrom define possible actions for participants at these positions. If a position is identified 
with a certain 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). Dietz et 
al. (2003) also gives a list of possible actions in collective choice situations. Both approaches 
are synthesised in a tentative list, given in Table 1.

Functional Group Possible Action

Knowledge carriers Provide information on practical knowledge
Provide information on effects of different behaviour
Provide information on disturbances

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

Innovators Bring together knowledge from different cultures
Create novelty
Conduct experiments to learn about uncertainties

Visionaries Initiate renewal and reorganization
Analytic deliberation

Stewards Deal with conflict
Create rules
Alter attitudes

Networkers Deal with conflict 
Facilitate deliberation
Enable nesting of decision making 

Reinforcers 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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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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Section 2 is a model description contrasting a situation with and without communication. 
The description follows the ODD protocol for describing agent-based models (Grimm et al. 
2006) and includs UML class diagrams to illustrate the approach. This model description is 
followed by a short discussion of the model (Section 3) and prospects on how to use the 
model  further  within  NeWater  case  studies,  focussing  on  but  not  limited  to  the  Rhine 
(Section 4) .

1.2 Experiments

For a detailed discussion of the experiments, please refer to Ostrom et al. 1994. Here, only a 
brief overview is given. All experiments have been conducted with eight participants each. 
Decisions were made anonymous. Participants were endowed each round in the experiment 
with 10 (low endowment) or 25 (high endowment) tokens. They had to take a decision, 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 the 
participants in form of a table. All not invested tokens were automatically invested in an 
outside opportunity (market 1) with a fixed return per token. In the parameter setting of the 
experiments, group optimum is at a total investment of 36 tokens in market 2, 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 fine another participant for a previously made decision

● the possibility to meet face-to-face with the other participants and talk about the 
investment decisions

● the possiblitiy to decide in such a communication phase on adoption of a sanctioning 
rule

The of this first application can be tested on the webpage:
http://www.usf.uos.de/~eebenhoe/newater/appropriation.0.8.html
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2 Model Description
The model description follows the ODD (Overview, Design, Details) protocol for describing 
individual and agent-based models (Grimm et al. 2006).

2.1 Overview

The model framework introduced in Figure 2 has been adopted to the experimental baseline 
scenario  and  situations  with  communication  possibilities.  These  two  model  variants  are 
discussed in the following. 

A UML class diagram of the application to the experimental baseline scenario is presented in 
Figure 3, a UML class diagram including communication possibilities is shown in Figure 4. 

2.1.1 Purpose

The purpose of this model is to investigate impacts of different governance institutions on 
stakeholder behaviour. The scope of the investigation is at the moment limited to different 
degrees of stakeholder involvement in the decision process combined with different degrees 
of power sharing.

The first implementation presented in this paper is an exemplary model with a simplified 
social environment. It uses a series of economic experiments as empirical basis. This first 
implementation is used to create a model structure which provides a framework in which 
different  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.

2.1.2 State variables and scales

Decision making agents  are  called  participants,  their  decisions  are  made using  different 
actions which  are  filtered  according  to  the  participant's  adopted  institutions and  their 
evaluative criteria. Actions have direct and indirect effects on their actors, receivers, and the 
decision environment. These five categories are discussed in turn. 

Participants

Participants are identified by a serial number, they have individual, heterogeneous attribute 
values  (cooperativeness,  conformity,  fairness  concerning  others  and  fairness  concerning 
itself (envy), positive and negative reciprocity) as well as a heterogeneous aspiration level. 
They accumulate resources. They are assigned one or more positions, which are assigned to 
them by the environment or in principle also altered by participants themselves. 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 
their  behaviour.  This  depends  on  the  individual  importance  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 evaluated 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. 

5
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Figure 3: UML class diagram of an application of the model framework 
to the baseline experiments of appropriation games.
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Figure 4: UML class diagram of an application of the model framework to 
appropriation experiments with communication.
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Decision Environment

In later  models,  impact  of  governance institutions  will  be measured using some kind of 
performance of the governed system in its  environment.  In  this  first  implementation the 
environment is a two market system, the first market being an outside opportunity which 
yields a fixed return per input  token,  the  second market  being a  common-pool  resource 
which yields a return depending on total investment featuring a negative quadratic function 
(Ostrom  et  al.  1994).1 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.

Actions

Possible actions for knowledge carriers in this  environment 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 institution with a low 
importance. The more reinforcers support a shared strategy, the higher the importance of this 
shared strategy for the other participants gets.

Institutions

There is one institution implemented in the baseline scenario. This is called "don't cheat" and 
forbids to invest more than the Nash strategy, which is 9 tokens in the given parameter set. 
Adoptation of this institution depends on individual conformity values.

In communication scenarios the communication can result in a spreading and adopting of a 
shared strategy (which is  a  kind of institution) suggesting to invest  the group optimum, 
which is 4 or 5 tokens in the given parameter set. 

Evaluative Criteria

All actions, which are considered by a participant to be possible according to the adopted 
institutions are tested according to one or more evaluative criteria. For this, the participant 
formulates expectations of others' behaviour and the decision environment provides 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. 

Note: The condition "NoOneCheated" indicated in Figure 4 is not yet implemented.

2.1.3 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.

1The parameter constellations are taken from the series of experiments in Ostrom et al. 1994.
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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 extend. They learn about their return 
and the others' investment decisions. This knowledge 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'  decisions  before  making  its  own 
choice and decisions effects 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 processes  can be 
triggered. 

5. Meta Decisions (optional)

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.

2.2 Design concepts

2.2.1 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  variable  "total  investment"  as  the  sum of  participants'  decisions  is  an 
emergent property of the system.

2.2.2 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. 

9
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2.2.3 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. 

2.2.4 Sensing

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

2.2.5 Interaction

Interaction only happens during communications rounds (and through sanctioning, which is 
not discussed here). In communications rounds a steward may suggest a shared strategy. This 
is  then  added  to  the  adopted  institutions  of  all  participants  with  a  low  importance. 
Reinforcers  can then support  the shared strategy which increases the  importance of  this 
shared strategy for all participants.

2.2.6 Stochasticity

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

2.2.7 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 undertaken individually.

2.2.8 Observation

An omniscient modeller observes the total investment and individual investment decisions, 
positions taken, and actions chosen. 

Further, for each participant a decision path and its experiences are collected.

2.3 Details

The  model  is  run  with  a  single  decision  environment  including  eight  participants  and 
repeated for 25 rounds. It runs in three different treatments, either with no communication, 
with a one-shot communication after round 10, or with repeated communication from round 
10 on.

2.3.1 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 "don't cheat" is initialised with the Nash strategy of 9 tokens. All actions 
investing more than that are forbidden in this institution. 

All evaluative criterions except "Closeness to last" are initialized with an epsilon of 0.05. 
This  means  that  outcomes  which  differ  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.

10
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Attribute Range

Institution

Don't cheat conformity ≥ 0.5

Evaluative Criterion

1. Highest return
2. Random choice

cooperativeness < 0.33

1. Close to last
2. Random choice

cooperativeness
fairness

≥ 0.33
< 0.67

1. Equity
2. Random choice

cooperativeness
fairness

≥ 0.33
≥ 0.67

Position

Steward fairness > 0.8

Reinforcer cooperativeness > 0.5

Action before start

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 communication 
according to attribute values.

Steward and reinforcer are initialized with the shared strategy of the group optimum. In this 
implementation this equals investment of 4 tokens.\footnote{Note: 5 tokens would yield the 
same result. It would be interesting to implement both strategies and their competition.}

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 \ref{tab-
initialization}.

2.3.2 Input

No input is needed except for the parameters given in \citet{ostrom-games:94}.

2.3.3 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  submodels  including  probablisitic 
deterioration of the resource. 

11
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3 Discussion
The model has not been fitted to replicate the data of the experiments, which it does only to a 
limited extend. The reason for this lack of data replication is the focus on the implementation 
as a framework. Since the goal is to implement the 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. 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 investment. 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.  On the other  hand,  this 
criterion seems to be important in more realistic, higher-stakes situations.

Of course, decision making needs to be adapted to the specific decision context modelled.

12
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4 Prospects
During the next 18 month period three different uses will be made of this model prototype. 
The model framework is to be applied to at least two different cases in order to enhance its 
realism. The two cases are both drawn from NeWater case studies conducted in the Rhine 
basin. Further, the model will be used to implement a replication of a model of farmers' 
decision making.

1. The first application is a case study comparison of the management regimes in the 
Wupper and Kromme Rijn subbasins. In both subbasins the current activities aim at 
implementing the European Water Framework Directive. For the model of the two 
regimes, we focus on two aspects: stakeholder participation and membership in the 
waterboard. In order to model these using this very abstract framework, the reality in 
these  water  management  regimes  needs  to  be  simplified.  This  is  done  in 
collaboration with the persons involved in the case study and case study comparison, 
Sabine Möllenkamp and Machiel Lamers. 

2. The second application is  a  model  of  the  different  institutions involved in  flood 
management along the German and Dutch Rhine, including the German Länder and 
the German-Dutch working group on flood protection. This model will draw on the 
research conducted by Gert Becker.

3. The third intended application is  a  replication of  the  model  of  farmers'  decision 
making in the Amu Darya, implemented by Maja Schlüter. It is planned to use this 
existing, calibrated model as a further testbed for this model framework.
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