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1 Management Summary 

The D2.2 is the document that describes the work performed by the WP2. The WP2 

main activity is the development of cognitive and causal models that will be 

implemented under a multi agent system for being applied in different domains. The 

simulation models must take into account not only the characteristics that has been 

traditionally identified by the scientific community that cause change in a society 

(proximity relationships, average income rate, etc.) but also new ones to foster the 

active participation of citizens in the urban policies area (e-participation) that have 

appeared with the evolution of technology such as social networks, Wiki pages etc. 

According to the pilots needs, they have been chosen five domains in which the 

simulation techniques could be used as the ignition tool to involve citizens in the 

design and understanding of the urban policies: Land Use, Housing,Edgeland 

Industrialization, Segregation/inclusion and Sustainable Tourism. For this first 

deliverable, a first draft of generic causal models that illustrate some dynamics has 

been specified for the first three domains.  

 

The second chapter introduces the main simulation techniques that have been 

traditionally used by scientific community for the modelling and simulation of policies 

such as land use change, segregation and housing evolution among others. The one 

that has been used for modelling the change based on change rates interconnected 

in dynamic loops that explain the evolution of a system is called system dynamics. 

Another approach that has been useful to model and simulate the dynamics of 

policies based on changes in discrete instants of time is called the discrete event 

approach. Other one that allows to model the dynamics of particular phenomena 

such as land use change where the typical time horizon is years and the interaction 

of the independent entities is based on the proximity is called cellular automata. This 

approach has given acceptable results to test the evolution of particular policies 

when the driving forces depend on historical data and when the influence over one 

cell depends only on the surrounding ones. 
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A more recent approach called agent technology is the cutting edge technology in 

computer science applied in the social sciences, it allows evaluating the behaviour of 

systems when individual entities interact with each other at a fine-granularity level; 

each entity can have its own logic and intelligence and the interaction among them 

will make evident the so-called emergent behaviour which is very useful for decision 

making in modern societies. With the agent technology approach it is possible to 

model societies behaviour under different granularity levels that allow representing 

even independent behaviour of people within a society. The main drawback of this 

approach is the amount of computer resources needed to manage the quantities of 

agents that interact at a time in any society model.  

The models developed by the WP2 will be generic and they will be tested under 

available shareware software that is able to manage a big quantity of agents. The 

models presented in this document will be the base and will serve as the guidelines 

for the ones that will be implemented in the simulation framework developed by the 

WP4 which will be able to manage huge quantities of agents. 

 

The relationship of this document with the other WP’s is illustrated in the following 

figure. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1: General relationships between deliverables 

D5.1/D5.2 Visualization Software Design Description
• State of the art
• Conceptual design

D2.2 FUPOL Cognitive and Causal Models
• Specific cognitive policy domain model
• Specificationn of main citizen, community and 

governance body relationships
• Specification of temporal logic rules of policy options
• Specific causal policy domain models

D7.2 Demonstrator Plannig Document v1
• Specific planning document for each demonstrator, 

including objectives, requirements, constraints, scope 
detailed planning, market and success factors, qualitiy 
factors and assessment criteria

D2.1 FUPOL Guidelines on Policy for Cities and 
Municipalities
• Overview of all policy domains (description)
• First assessment of feasibility
• Priorities
• Policy analysis methods (indicators)
• Available data and assessment

D3.1 Requirements specification and use 
cases
• Objectives and scope
• Stakeholders
• System environment &boundaries
• Detailed description of functional &

non functiinal requirements

D4.1 FUPOL Simulator Software Requirements
• Elaboration of the requirements specification for

simulation software tools selection
• Policy modelling cases review and classification to

consider the most important demands to the
simulation software tools.

• Assessment of available tools and software.

Requirement:
Data & indicators 
to be visualized

Requirement:
Data sources to be 
imported

Requirement:
Results to be 
visualized

Requirement: Models to 
be implemented, 
specified as FCM, BPMN

Technical
Interface

Limitation:
Available input 
data

Requirement: Domains to be 
modelled, available data and 
proposed indicators to 
measure the policy

Requirement: Harmonization 
with pilot use cases
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In Chapter 2 also a review of the approaches made by available tools that can be 

used for the simulation and modelling of land use and housing policies is performed 

and discussed. 

Chapter3 presents the developed methodology to cope with the modelling and 

simulation of the main domains. In this chapter are introduced the main elements 

that play a role in the methodology proposed. The coloured Petri net formalism is 

presented as the one that will be used to govern the behaviour of the different 

independent agents that participate in the simulation models. This formalism allows 

to take into account both objective and subjective variables that are important for 

the correct modelling of modern societies. The selected multi agent system 

framework is introduced and also the fuzzy cognitive models in order to make them 

the start point for identifying the different actors and relationships that participate in 

a particular domain. Also in this chapter are presented the generic models of Land 

Use, Housing and Edgeland; this section also presents the requirements for the 

tourism domain and segregation. Section 4 presents the conclusions and discusses 

the identified requirements for the implementation and testing of the simulation 

models. 

1.1 Characterization of the Policy Model 

The following sections will introduce the proposed causal modelling approach to 

answer the following key questions: 

 What shall the model deliver? 

 By whom is the model to be used? 

 How is the model to be used? 

 Which features or technical functions are needed? 

Most urban simulation models do not take into account the demands and skills of the 

multiple and heterogeneous users of a model in practice. There exist fears, 

expectations and prejudices among the practitioners against the models: quantitative 

models are monsters and do not capture the social aspects in an adequate way. A 

lack of credibility in the models is reported due to non-scientific actors being not 
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aware of the uncertainty inherent in such models. As a result, mistrust or 

communication problems can be found generally between scientists and actors. 

 

In contrast to traditional urban modelling methodologies, the proposed causal 

modelling approach in FUPOL takes into consideration that actors have different skills 

and pre-knowledge of the complex urban system. By incorporating users’ 

heterogeneity in non-scientific knowledge (subjective values), interests and 

preferences, FUPOL modelling approach will contribute to overcome one of the main 

shortages of present policy models: citizen e-participation. As it will be properly 

introduced in this deliverable, FUPOL models will allow citizens to test the benefits 

and shortages of different proposed urban policies and check new policies according 

to their own beliefs. Moreover the final users (i.e. citizens or decision makers) will be 

able to test the future evolution of a policy through evaluations of different 

parameters called boundary conditions of the models. 

 

FUPOL simulation solutions can be understood by citizens using FUPOL platform, 

equally, the citizens have the possibility to see if the simulation scenarios are in 

accordance with their expectations and also, they have the possibility to express their 

opinions, point of views and post their comments about these solutions in order to 

improve them. In this context, the new causal approach is based on “citizen e-

participation”, and it will contribute at improvement of present policy models. 

 

Urban models for policy modelling developed under the FUPOL project should 

preserve 4 targets: 

1. Produce causal knowledge and a better model of a complex reality: The rational 

is to produce a causal understanding of the effects of different policies on the 

complex reality when investigating urban problems in real life. This is done on a 

cognitive dimension by integrating multiple sources of knowledge and in 
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particular local knowledge, but also values and interests of non-scientific actors 

into the model (i.e. citizens and stakeholders).In FUPOL models will be 

constructivist oriented instead of positivistic. In the constructivist view, knowledge 

is seen as socially constructed under a mutual-learning process. The focus is put 

on how the complex reality is perceived by heterogeneous actors connected to 

the planning process. The different views are integrated in such a way that the 

integration of local knowledge is driven by scientific concepts of the reality which 

have to fulfil modelling criteria. In the positivism view, scientists seek to capture 

the "objective" reality and collect local knowledge and empirical data in order to 

test theories or specify them for a certain problem under investigation. 

 

2. Produce better political plans and decisions by including scientific knowledge via 

participatory modelling: In the context of collaborative planning, participatory 

modelling is used in actor groups, in order to make the heterogeneous 

knowledge, preferences, interests or assumptions explicit and negotiable. Mutual 

understanding about the city, the problems to be tackled and its development 

shall be created. The models in FUPOL will take into account both the accepted 

scientific knowledge and the subjective one, this knowledge will be formalized in 

a scientific way through causal modelling in which the subjective one will be kept 

opening the simulation models (boundary conditions) so that the particular values 

of the open variables are produced through the participation of the actor groups. 

Therefore new knowledge in a process of mutual learning shall be produced. Here 

both, the process of modelling with the heterogeneous actors and also the results 

of the model are important. In FUPOL, the model is a mean and the boundary 

conditions together with the results the end. Models will be used as an integrated 

part of a collaborative planning process. 

 

3. Ensure a better connection for the model to the practical application context: 

Science shall contribute with "socially robust" models relevant to generate useful 

knowledge in order to cope with complex and messy societal problems. 
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Participation of non-scientific actors in scientific knowledge production shall 

ensure to produce relevant, usable and legitimized urban knowledge for policy 

making. Therefore, it shall in particular integrate values, interests and preferences 

into the knowledge production process and allow the negotiation of the 

knowledge produced in apolitical agora. From a system engineering perspective, 

the knowledge delivered shall capture the status quo of the complex real world 

system, so called "system knowledge", give options where the future 

development should aim to, so called "objective knowledge" and help to 

transform from the status quo to the wished future, so called "transformation 

knowledge". 

 

4. Practical application context better odds for putting scientific knowledge or the 

model into practice, by: 

 Mutual learning: Within the process, the different actor groups learn from 

each other, in particular heterogeneous implicit knowledge about the common 

topic is made explicit and communicable through a causal-effect approach. 

Mutual understanding and new knowledge shall be generated. 

 Creating credibility, ownership and acceptance: for the model and the results 

produced among the involved non-scientific actors. 

 Producing or enhancing legitimacy: The knowledge produced shall be 

legitimized by the involved non-scientific actors for the application in political 

issues. 
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1.2 Characterization of E-participation Model for urban 

decision making 

The term e-Participation is quite new and it is widely used in e-Governance and e-

Democracy programs. E-participation in urban decision-makingmeans the use of ICT 

for enabling and strengthening citizen participation in democratic decision-making 

processes.The use of ICT in e-Participation process consists on motivation and 

engagement of a large number of citizens through diverse modes of technical and 

communicative skills to ensure broader participation in the policy process, real-time 

qualitative and accessible information, transparent and accountable governance 

(Islam, 2008). 

 

The e-Participation inurban modelling  for e-governance is expected to be a 

challenging process, where are involved heterogeneous actors from different 

communities with different thought styles such as: individual citizens,elected 

representatives of local authorities, politicians, citizen groups, scientific people, 

business/industry representatives,  NGOs, voluntary organizations etc. 

Based on OECD’s (OECD, 2001) framework on e-Participation, that  is widely known, 

consisting on“information”, “consultation” and“active participation”, the actors 

involved in e-Participationregarding  FUPOL urban modelling must also take into 

account these key dimensions, such as: 

 Information: FUPOL models for urban policies will provide and deliver 

information about the FUPOL simulation solutions that can be used by the 

actors by using specific tools.  

 Consultation: the actors are invited to express their views and opinions 

regarding FUPOL simulation solutions, and in this way they will provide the 

necessary feedback to improve the FUPOL solutions. 

 Active participation: the actors must be actively engaged in order to 

understand and to adapt the model solutions to their expectations. 
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In FUPOL, it is proposed to develop urban models that foster e-participation to deal 

with the following aspects: 

 The direct effects of the participatory process on modelling and knowledge 

production which vary by case. On the one hand, exchange among the actors 

is a source of inspiration for the different groups and has no substantial 

impact on the model. On the other, participation leads to adaptations of the 

model that are always resource-intensive and are often underestimated by the 

different actor groups. 

 Knowledge, values and interests brought in by citizens and practitioners 

cannot really be implemented into the model directly; but the knowledge 

produced using the model still has to be adapted for use in practice. The actor 

groups develop and use communication and translation supports in both 

directions of this exchange. 

 Context-specific demands must be partly communicated and include the 

relevance of the results for practice, usage operability and practical model 

feasibility. 

 Shaping the relationship between the actor groups to create trust and 

increase the credibility of the model and the results delivered for practitioners 

is a fundamental function of e-participation. 

 The overall communicative pattern operating in the participatory process 

involves "boundary work". The actors alternate between merging and 

demarcating boundaries, e.g. concerning the model or their roles, balancing 

between three different purposes: (1) keeping their own practices feasible and 

protected from undesired influences (from the other practice); (2) expanding 

their influence into the other practice; and (3) gaining legitimacy for their 

practice from the other party. 

 The actor groups partly revise their original goals and expectations with 

respect to the model throughout the participatory process. 
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The deliverable D2.2 is the first version of the basics and definitions for causal 

modelling of urban policies for e-participation, which will further be amended as the 

project evolves. The approach presented in this document copes with the main 

drawbacks present in the modelling tools currently available. As it has been 

mentioned this approach uses current approaches and proposes new ones in order to 

develop a more efficient approach which is capable of being used for fostering e-

participation in domains of particular interest. 
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2 Introduction to Current Approaches and 

Technology in Urban Modelling 

This section reviews the traditional paradigms for modelling and simulation of urban 

policies. The review firstly describes the characteristics of the most common 

approaches used for urban modelling, for each of them the applications areas in 

which the techniques have shown good or satisfactory results are discussed. 

Secondly the advantages and disadvantages of the use of a particular approach for 

the FUPOL project are discussed keeping in mind that the required simulation 

technique must be able to model the interactions that emerge from the e-

participatory process that will take place under the FUPOL framework. 

The agent technology and other simulation techniques are presented, the main 

characteristics, advantages and drawbacks are discussed in order to illustrate that 

neither the current approaches alone satisfy the activities that are to be fit within the 

FUPOL approach nor foster e-participation which is an innovative characteristic 

introduced in the project. Focus is put on agent technology because this approach is 

used together with a modelling formalism in order to cope with the modelling and 

simulation of the different domains that are of interest in the FUPOL project. 

Finally, the review analyses (from the modelling perspective) some of the simulation 

approaches used in popular tools for urban modelling in order to highlight that none 

of them are useful for being used as the initial step in the FUPOL projecthence 

justifying the development of a new approach for this purpose. 

 

2.1 System Dynamics 

System dynamics is a computer-aided approach to system analysis and design that 

applies to problems arising in complex social, managerial, economic, or ecological 

systems. The approach is appropriate for any dynamic system characterized by 

interdependence, mutual interaction, information feedback, and circular causality. 

System dynamics models are built around a particular problem. The problem defines 

the factors (i.e., relevant variables) that are to be included in the model. This 

represents the model’s boundary, which may cross departmental or organizational 
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boundaries. One of the unique advantages of using system dynamics models to 

study public policy issues or problems is that they can easily be extended or revised 

to address additional questions as they arise. 

 

2.1.1 Description 

The field of System Dynamics (SD) was developed initially from the work of Jay W. 

Forrester.  His seminal book Industrial Dynamics (Forrester 1961) is still a significant 

statement of philosophy and methodology in the field.  Within ten years of its 

publication, the span of applications grew from corporate and industrial problems to 

include the management of research and development, urban stagnation and decay, 

commodity cycles, and the dynamics of growth in a finite world.   It is now applied in 

economics, public policy, environmental studies, defence, theory-building in social 

science, and other areas, as well as its home field, management.  The name 

industrial dynamics no longer does justice to the breadth of the field, so it has 

become generalized to system dynamics.    The modern name suggests links to 

other systems methodologies, but the links are weak and misleading.  System 

dynamics emerges out of servomechanisms engineering, not general systems theory 

or cybernetics (Richardson 1991). 

 

System dynamics models rely on three sources of information: numerical data, the 

written database (reports, operations manuals, etc.), and the expert knowledge of 

key participants in the system. The numerical database is very small, the written 

database is larger, and the expert knowledge of key participants is vast. System 

dynamics relies on all these three sources, with particular attention paid to the 

expert knowledge of key participants. Through the use of available data and verbal 

descriptions provided by experts, the modelling process exposes new concepts 

and/or previously unknown but significant variables. 

The system dynamics approach involves:  

 Defining problems dynamically, in terms of graphs over time; 
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 Striving for an endogenous, behavioural view of the significant dynamics of a 

system, a focus inward on the characteristics of a system that themselves 

generate or exacerbate the perceived problem; 

 Thinking of all concepts in the real system as continuous quantities 

interconnected in loops of information feedback and circular causality; 

 Identifying independent stocks or accumulations (levels) in the system and 

their inflows and outflows (rates); 

 Formulating a behavioural model capable of reproducing, by itself, the 

dynamic problem of concern.  The model is usually a computer simulation 

model expressed in nonlinear equations, but is occasionally left unquantified 

as a diagram capturing the stock-and-flow/causal feedback structure of the 

system; 

 Deriving understandings and applicable policy insights from the resulting 

model; and 

 Implementing changes resulting from model-based understandings and 

insights. 

 

2.1.1.1 Feedback Thinking  

Conceptually, the feedback concept is at the heart of the system dynamics 

approach.  Diagrams of loops of information feedback and circular causality are tools 

for conceptualizing the structure of a complex system and for communicating model-

based insights.  Intuitively, a feedback loop exists when information resulting from 

some action travels through a system and eventually returns in some form to its 

point of origin, potentially influencing future action.  If the tendency in the loop is to 

reinforce the initial action, the loop is called a positive or reinforcing feedback loop; if 

the tendency is to oppose the initial action, the loop is called a negative or balancing 

feedback loop.  The sign of the loop is called its polarity. Balancing loops can be 

variously characterized as goal-seeking, equilibrating, or stabilizing processes.  They 

can sometimes generate oscillations, as when a pendulum seeking its equilibrium 

goal gathers momentum and overshoots it.  Reinforcing loops are sources of growth 
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or accelerating collapse; they are disequilibrating and destabilizing. Combined, 

reinforcing and balancing circular causal feedback processes can generate all manner 

of dynamic patterns.  

2.1.1.2 Loop Dominance and Nonlinearity 

The loop concept underlying feedback and circular causality by itself is not enough, 

however.  The explanatory power and insightfulness of feedback understandings 

also rest on the notions of active structure and loop dominance.  Complex systems 

change over time.  A crucial requirement for a powerful view of a dynamic system is 

the ability of a mental or formal model to change the strengths of influences as 

conditions change, that is to say, the ability to shift active or dominant structure.  

In a system of equations, this ability to shift loop dominance comes about 

endogenously from nonlinearities in the system.  For example, the S-shaped 

dynamic behaviour of the classic logistic growth model (dP/dt = aP - bP2) can be 

seen as the consequence of a shift in loop dominance from a positive, self-reinforcing 

feedback loop (aP) producing exponential-like growth to a negative balancing 

feedback loop (-bP2) that brings the system to its eventual goal.  Only nonlinear 

models can endogenously alter their active or dominant structure and shift loop 

dominance.  From a feedback perspective, the ability of nonlinearities to generate 

shifts in loop dominance and capture the shifting nature of reality is the fundamental 

reason for advocating nonlinear models of social system behaviour.  

2.1.1.3 The Endogenous Point of View 

The concept of endogenous change is fundamental to the system dynamics 

approach.  It dictates aspects of model formulation:  exogenous disturbances are 

seen at most as triggers of system behaviour (like displacing a pendulum); the 

causes are contained within the structure of the system itself (like the interaction of 

a pendulum’s position and momentum that produces oscillations).  Corrective 

responses are also not modelled as functions of time, but are dependent on 

conditions within the system.  Time by itself is not seen as a cause.  
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But more importantly, theory building and policy analysis are significantly affected by 

this endogenous perspective.  Taking an endogenous view exposes the natural 

compensating tendencies in social systems that conspire to defeat many policy 

initiatives.  Feedback and circular causality are delayed, devious, and deceptive.  For 

understanding, system dynamics practitioners strive for an endogenous point of 

view.  The effort is to uncover the sources of system behaviour that exist within the 

structure of the system itself.  

 

2.1.1.4 System structure 

These ideas are captured in Forrester’s (1969) organizing framework for system 

structure:    

 Closed boundary 

o Feedback loops 

 Levels 

 Rates 

 Goal 

 Observed condition 

 Discrepancy 

 Desired action 

The closed boundary signals the endogenous point of view.  The word closed here 

does not refer to open and closed systems in the general system sense, but rather 

refers to the effort to view a system as causally closed.  The modeller’s goal is to 

assemble a formal structure that can, by itself, without exogenous explanations, 

reproduce the essential characteristics of a dynamic problem. 

The causally closed system boundary at the head of this organizing framework 

identifies the endogenous point of view as the feedback view pressed to an 

extreme.  Feedback thinking can be seen as a consequence of the effort to capture 

dynamics within a closed causal boundary.  Without causal loops, all variables must 
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trace the sources of their variation ultimately outside a system.  Assuming instead 

that the causes of all significant behaviour in the system are contained within some 

closed-causal-boundary forces causal influences to feedback upon themselves, 

forming causal loops.  Feedback loops enable the endogenous point of view and give 

it structure.  

  

 

2.1.1.5 Levels and Rates 

Stocks (levels) and the flows (rates) that affect them are essential components of 

system structure.  A map of causal influences and feedback loops is not enough to 

determine the dynamic behaviour of a system.  A constant inflow yields a linearly 

rising stock; a linearly rising inflow yields a stock rising along a parabolic path, and 

so on.   Stocks (accumulations, state variables) are the memory of a dynamic system 

and are the sources of its disequilibrium and dynamic behaviour. 

Forrester (1961) placed the operating policies of a system among its rates (flows), 

many of which assume the classic structure of a balancing feedback loop striving to 

take action to reduce the discrepancy between the observed condition of the system 

and a goal.  The simplest such rate structure results in an equation of the 

form NETFLOW = (GOAL - STOCK)/(ADJTIM), where ADJTIM is the time over which 

the level adjusts to reach the goal. 

 

2.1.2 Fields of Application 

System dynamics is concerned with building computer models of complex problem 

situations and then experimenting with and studying the behaviour of these models 

over time. Often such models will demonstrate how unappreciated causal 

relationships, dynamic complexity, and structural delays may lead to the counter-

intuitive outcomes of less-informed efforts to improve the situation. System dynamic 

models make room for soft factors such as motivation and perceptions so that 

problem spaces can ultimately be better understood and managed. 
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System dynamics models are excellent tools to study problems that arise in closed-

loop systems, systems in which conditions are converted into information that can be 

observed and acted upon in order to change the initial condition. For example, when 

the backlog of pending cases for district attorney’s increases beyond a certain level it 

sends a signal to district attorney’s that additional plea bargains may be required in 

order to reduce the backlog to an acceptable level. This completes a feedback loop. 

However, this same feedback loop could also work in the opposite direction. If the 

backlog of cases is below some desired or acceptable level it will indicate to district 

attorney’s that the need to plea bargain, for purposes of reducing the backlog of 

cases, is no longer necessary and the willingness of district attorney’s to offer plea 

bargains will be reduced. 

 

The application areas described with system dynamics typically are: 

 

 Corporate planning and policy design;  
 Public management and policy;  
 Dynamic decision making;  
 Biological and medical modelling;  
 Energy and the environment theory; 
 Development in the natural and social sciences;  
 Complex nonlinear dynamics. 

2.1.3 Pros and Cons for the FUPOL objectives 

System dynamics approach in general is more suited for models that have a larger 

scope and addresses the stability of the process and the levels of peoples 

experience, fatigue, schedule pressure and attrition. In addition, in the system 

dynamics approach all objects in the model are equal and exist only as a numerical 

value that is divided in fractions during simulation (e.g. five participants, 100 code 

units). Size and attributes of the tasks or abilities of the participants can only be 

modelled by average values (e.g. the five participants have the same productivity 

and the code unit have all the same size). 
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Advantages of SD 

 System dynamics models describe well the interaction between system factors; 

 System dynamics models tend to represent both complex feedback loops 

and/or aspects of the system that vary continuously, accurately. 

 For some domains such as demographic evolution SD has proved to be useful 

for the evaluation and analysis under a general scope, so it is good for 

simulating the general trends of evolution of some factors. 

Disadvantages of SD 

 System dynamics do not easily represent queues and discrete process steps; 

 System dynamics have a drawback in examining the status of each model 

entity at each time step of the simulation, therefore gaining a better 

understanding of the evolution of the process during a simulation run, is not 

captured. 

 Because most of the characteristics are modelled as levels and rates the 

individual behaviour or causality of actions are enclosed in such rates and 

levels therefore the particular contributions are hidden to the final user. 

 Because of the previously mentioned characteristics system dynamics does not 

fit well for the micro level simulation that is required in some domains within 

FUPOL; however for the macro level it would possible to integrate it with the 

FUPOL approach if a particular domain and resolution needed fits for the 

systems dynamics characteristics. 

 

2.1.4 FUPOL Aspects Perceptions and Recommendations 

As it has been reviewed, SD is useful for understanding the behaviour of systems 

when the causality of actions is faced through a general way and normally for closed 

systems. For the objectives of FUPOL this approach is not useful for modelling 

systems when the granularity level needed is such that enables a particular 

representation of the individual actors that participate in a domain in order to 

support a causal transparency both in the model and in the results. Therefore SD 
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was not taken into account for developing the simulation approach proposed for the 

FUPOL project. 

 

2.2 Discrete Event Systems Approach 

Discrete Event Systems (DES) is a special type of dynamic systems. The "state" of 

these systems changes only at discrete instants of time and the term "event" is used 

to represent the occurrence of discontinuous changes (at possibly unknown 

intervals).  Different discrete event systems models are currently used for 

specification, verification, synthesis as well as for analysis and evaluation of different 

qualitative and quantitative properties of existing physical systems. 

In discrete-event simulation (DES), the operation of a system is represented as a 

chronological sequence of events. Each event occurs at an instant in time and marks 

a change of state in the system. For example, if an elevator is simulated, an event 

could be "level 3 button pressed", with the resulting system state of "elevator 

moving" and eventually "elevator reached level 3". 

 

2.2.1 Description 

Discrete-event simulation (DES) models relate to discrete systems where the status 

of the system is recognizable after the predefined time step.  

The word "discrete" does not mean that "time is discrete", nor does it necessarily 

implies that "state is discrete" (indeed, as one can see, state variables may assume 

continuous values) but this word refers to the fact that the dynamics are made up 

of events; these events may possibly have a continuous evolution once they start, 

but this is not what one is interested in: the primary focus is on the beginning and 

the end of such events, since ends can cause new beginnings. 

 

Discrete event systems are mostly man-made systems arising in the domains of 

manufacturing, robotics, organization and delivery services, vehicular traffic, and 

computer and communication networks.  Events in these systems may correspond, 

for example, to the transmission of a packet ina network system, completion of a 

task or machine failure in manufacturing, etc.  The behaviour of these systems is 
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truly nonlinear and they have time-varying parameters. Due to the non-terminating 

interaction with the environment these systems are often affected by unexpected 

interventions, which mean that they are discontinuous. Moreover, they often 

demonstrate uncertain behaviour, caused by the fact that available measurements 

and inputs are often disturbed by noise.  Therefore, the future evolution of the 

system may be unpredictable (nondeterministic).  The interactions between 

particular components are complex and no longer governed by known physical laws 

describable by differential equations. Due to the complex structure and interactions 

of these systems, there is a need to model and analyse them at different hierarchical 

levels.  Because of the special nature of these systems, in the past different formal 

methods were proposed for their modelling, emphasizing different aspects of the 

system design and analysis. The main objective of these efforts was to assure the 

appropriate behaviour of the system and its full functionality in the given 

environment, by means of appropriate control. 

 

2.2.2 Fields of Application 

The application areas described with description event systems typically are: 

 

 Manufacturing/logistic systems; 

 Industrial engineering; 

 Vehicular traffic control systems; 

 Automatic control; 

 Network simulation; 

 Robotics. 

 

2.2.3 Pros and Cons for the FUPOL objectives 

In a discrete event model it is easy to model a sequence of steps and to characterize 

the objects, called entities, flowing through the model. Therefore, discrete event 

simulation is extensively used in the domain of modelling manufacturing or logistic 

systems. 
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Advantages of DES 

 One of the main advantages of the DES approach is that it allows to easily 

define a stochastic model and perform Monte Carlo simulations, taking into 

account the intrinsic risk and uncertainty of real systems; 

 Another reason for choosing DES is that in this way each model entity is 

well identified and characterized by a number of attributes whose values 

may change when some specific events are executed. So, we can examine 

the status of each model entity at each time step of the simulation, gaining 

a better understanding of the evolution of the process during a simulation 

run; 

 DES models can be used to understand how a system will behave under 

environmental extraordinary conditions. Such a simulation could help 

management for example understand: large increases in orders, significant 

swings in product mix, or even new client delivery demands. 

Disadvantages of DES 

 DES describes frequently complex models where the interleaving of events 

makes difficult to understand the causality of the actions performed within 

the model.  

 Also with DES aspects of the system that vary continuously are also hard 

to be modelled. 

 With the traditional DES approach true concurrency of events is very 

difficult to model therefore systems that have processes that evolve in 

parallel at different rates are difficult to model. However recent modelling 

formalisms such as DEVS (Ziegler) or CPN have been used to model 

systems in a discrete-event oriented way overcoming the concurrency 

modelling problem.  

2.2.4 FUPOL aspects, perceptions and recommendations 

DES is a modelling approach which could be useful for modelling certain processes or 

subsystems of the different domains. Unfortunately in order to have the granularity 

level needed in FUPOL, it is needed an approach that allows to model the 
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independent behaviour of actors that participate in the project. The CPN modelling 

formalism which has been used by scientific community to model systems with a 

discrete-event orientation will be used for formally defining the causality or behaviour 

of the independent actors that participate in the different domains. 

 

2.3 The Cellular Automata Approach 

Cellular automata was first developed by the physicist Stanislaw Ulam in the 1940s, 

in response to the study on logical nature of self-reproducing systems proposed by 

his colleague Neumann. It was then developed further by the mathematician Conway 

in 1970s with a parlour game, which was also called “The Game of Life”. 

Comprehensive studies of cellular automata have been performed by S. Wolfram 

starting in the 1980s where he presented a gigantic collection of results concerning 

automata. 

 

2.3.1 Description 

Cellular automata (CA) can come in a variety of shapes and dimensions. A typical 

cellular automata is a two-dimensional grid (square, triangular and hexagonal grids 

can be considered) divided into cells. Each cell belongs to a finite known cell state 

(e.g. a land use type). In addition to the grids, the neighbourhood over which cells 

affect one another must also be specified. The simplest choice is nearest neighbours, 

in which only cells directly adjacent to a given cell may be affected at each time 

stage. Standard cellular automata use either the von Neumann neighbourhood (the 

four cells adjoining the sides of the given cell) or the Moore neighbourhood (the 

surrounding eight cells). 

 

In the model, the simulation takes place in discrete time periods, and cells are 

converted from one state into another according to the transition rules. The value of 

each cell is determined and updated according to these rules in each stage. For 

every period, the value of a cell derives from the cell’s value in the last period and 

the values of its neighbouring cells. Typically, the rule for updating the state of cells 

is applied to the whole grid simultaneously and does not change over time.  
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The theory of cellular automata is immensely rich, with simple rules and structures 

being capable of producing a great variety of unexpected behaviours. Nowadays, it is 

being used by researchers from a wide range of disciplines to investigate questions 

concerning the origin and evolution of structures and spatial complexity.  

In the case of Land use modelling the typical cellular Automata model consists of 

four elements (Lay, J.G, 2000; White and Engelen, 2000): 

 Cell space: which is composed of individual cell; these cells may be in any 

geometric shape, but the most CA adopts regular grids to represent such 

space, which make CA very similar to a raster GIS. 

 Cell states: the states of each cell may represent any spatial variable, e.g., 

the various types of land use. 

 Time steps: a CA will evolve at a sequence of discrete time steps. At each 

step, the cells will be updated simultaneously based on transition rules. 

 Transition rules: these rules guide the dynamic evolution of CA. A transition 

rule specifies the states of cell before and after updating based on its 

neighbourhood conditions.  

CA model is a raster-based tool that can be used for modelling cities (land use 

changes, land use planning, urban growth, urban planning etc.). CA model is used 

for studying temporal dynamics, where the spatial variables as input data in CA 

model are dynamically updated during iterative looping.  

In simulation of settlement growth CA model works with the binary state of being 

urbanized or not, but when there are multiple land uses (residential, commercial, 

industrial, agriculture, forest, water etc.) this model becomes more complex because 

are needed numerous parameters for simulation of land use change. CA model uses 

spatial variables and for each variable it has a weight associated, which shows the 

contribution to land use change. Before the simulation by using CA model it is 

needed the definition of numerous parameters that have great effects on the results 

of simulation. 
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Each cell of the raster image has a neighbourhood (¡Error! No se encuentra el 

origen de la referencia.).Neighbourhood of a cell consists of the surrounding 

adjacent cells, including the cell itself. At the time t=0 each cell has a state S0 and at 

time t=n the cell state become Sn. The transition of a cell from one state to other 

state is influenced by neighbourhood cells and other factors such as: distance to 

main road, distance to railway etc.  

The CA model works as follows: The CA model works as follows: 

- for every cell the model reads the state of the cells located within an extended 

neighbourhood composed of thirteen cells; 

- model selects what would the new state of the cell be at the next time step 

(for example ten years later), according to the predefined transition rules. 

 

 

 

 

 

a. Neighbourhood for 1-dimensional CAs 

b. Von Neumann neighbourhood, for 2 dimensional CAs 

c. Moore neighbourhood, for 2 dimensional CAs 

d. Other type of neighbourhood, for 2 dimensional CAs 

 

Figure 2: Different types of neighbourhoods 

 

 A problem with CA models is to define transition rules and model structures. 

 

A simple algorithm for simulation land use by using CA consists of: 
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FOR each iteration 

{ 

 FOR every cell 

{ 

  IF cell is the same state as its group made by several adjacent  

  neighbour cells keep the state of the cell unchanged 

  ELSE choose the majority cells’ value 

 

} 

} 

 

 

Calibration and Transition Rules 

 

The calibration of the CA model known as defining the transition rules of CA consists 

of: 

 finding the parameters of the predefined transition rules, 

 Finding the numerical values of these parameters so that the rules closely 

correspond to the land-use change processes reflected in the historical data. 

The rules are based on an intuitive understanding of the processes as there is no 

obvious way of finding which parameter should or should not be included in the 

model (Wu, 2002). 

 

Calibration process is complicated due to the large number of combinations involved 

when several cell states, state transitions, parameters, and parameter values are 

being considered (Li and Yeh, 2002a; Shanet al., 2008). 
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Calibration is not the same as validation which seeks to optimise a model’s goodness 

of fit to data but often these processes are equivalent. 

 

In literature there are two types of transition rules such as: 

 conditional 

 mathematical rules 

But, these transition rules can be combined in order to obtain another type of 

transition rules.  

 

 

Conditional transition rules 

 

Conditional transition rules can be easily applied due to their simplicity, but finding 

these rules may be complicated. There are only two methods referred in the 

literature: 

a. First method is based on trial and error, where the user modifies the 

rules slightly until a good result is produced (Wu, 2002). 

b. Second method, called data mining, is an automated method that 

produces a set of descriptive rules or a decision tree ready to be used as 

transition rules. There are few studies that have been carried out on how 

to determine and validate the transition rules of CA from observed data. 

The transition rules of traditional CA are usually expressed by 

mathematical equations. The explicit transition rules of CA can be 

automatically reconstructed through the rule induction procedure of data 

mining and the transition rules are obtained by applying data-mining 

techniques to spatial data and these rules are more intuitive to decision-

makers. Data mining method can reduce the uncertainties in defining 

transition rules and help to generate more reliable simulation results (Li 

and Yeh, 2004). 
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In the conditional form, the characteristics of the cell such as its distance to a 

road, distance to a railway etc. and the neighbourhood configuration are taken into 

account by using the forms (statements): 

IF…THEN … ELSE …         (1) 

 

Mathematical transition rules 

Mathematical rules are easier to obtain but are difficult to interpret. This method 

requires finding weights for each parameter of the transition rules. Without a proper 

calibration, the model is worth close to nothing as it will not be reliable (Wu, 2002). 

The rules and their underlying processes used to determine where a change will 

occur have to be accurate, as calibrating the model with some false assumptions will 

lead to reproduction of these false facts (Wu, 2002). 

 

A mathematical transition rule which can be applied to every land-use change is the 

following: 

Probability of change = factor1 + factor2 + … + factorN  (2) 

After calibrating the model, the rules would be: 

P(x_to_y) = a1* factor1 + a2*factor2 + … + aN*factorN  

P(y_to_z)= b1* factor1 + b2 * factor2 + … + bN*factorN 

where, 

 P(x_to_y) is the probability that a cell changes from state x to state y (for 

example from agricultural state to urban state) 

 P(y_to_z) is the probability that a cell changes from state y to state z (for 

example from urban state to commercial state) 

 The coefficients (weights) a1...to aN and b1..... bN give more or less importance 

to each factor and they belong to R. 

 

In most CA models, the influence of the factors is additive (Straatmanet al., 2004). 

Therefore, the mathematical form consists in a series of mathematical formulas that 

computes a probability of change from one land-use to another, where 

weights give more or less importance to each factor. 
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There are several ways to calibrate a CA model using mathematical transition rules, 

but the main ones are the following: 

 Trial and error that consists on changing of some coefficients (weights) by 

user and comparing visually or quantitatively of the simulation output with a 

real land-use map. This method is time consuming and can be cumbersome 

when many variables are considered. For example, for N cell states and a 

neighbourhood composed of K cells, there are up to possible transitions 

(Wolfram, 1983), that sustains the idea of an automatic calibration.  

 Training an Artificial Neural Network in order to classify the land-use changes 

(Li and Yeh, 2002). An artificial neural network is composed of layers, each of 

them having virtual neurons. The first layer of neurons corresponds to the 

inputs, which can be the number of cells of each land-use type in the 

neighbourhood of a cell and the value of the driving factors. There is also an 

output layer with a neuron or more for each possible new land-use state. 

Between these two layers, one or more hidden layers are used. Connections 

are made between the neurons of the different layers and each neuron 

computes a value that is sent to the next neuron. By using historical data, one 

can train the neural network, so the correct connections are established. 

When simulating land-use changes, the neural network will apply these 

connections in order to find the most probable new land use. This method 

provides good results, but it works as a black-box where the user has neither 

control nor information on the mathematical equations used to determine the 

transition rules nor on the transition rules themselves (Li and Yeh, 2002).  

 Logistic regression that was successfully used in Wu (2002). In his model, 

each cell in the historical data is tagged as a binary value corresponding to 

change to urban or no change to urban. Then, statistical software compiles 

the values of the driving factors and the number of cells of each state in the 

neighbourhood and computes the logistic regression. The resulting equation 

can then be applied during the simulation to compute the probability of 

“change to urban” according to the driving factors and the neighbourhood 

composition. This approach has some limitations. An average of the historical 
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neighbourhood configurations leading to a change is considered and therefore 

all the variability is lost (Verburget al., 2004). Also, there is no distance 

function, which means that the attractiveness or repulsiveness of surrounding 

cells will remain constant in the neighbourhood, no matter how far away it is 

from the central cell.  

 Brute force calibration is called when the user modifies the value of each 

factor and compares the output with a known land-use map. This kind of 

calibration wasused in the SLEUTH model (Silva et al. 2002). This model uses 

five types of growth rules such as: spontaneous (new random development), 

spreading centre (new development around sites developed by the 

spontaneous growth), edge or organic growth, and road influence (Messina et 

al., 1999; Jantzet al., 2003; Yang and Lo, 2003; Jantz and Goetz, 2005). 

 

2.3.2 Field of Application 

Some of spatial transition models are Cellular Automata (CA) models. These 

models can be used for land-use forecasting needs. They have been first proposed 

by Ulam and Von Neumann in 1951 to study self-reproducing artificial structures.  

CA are cell-based methods that can model two-dimensional space, and because of 

this underlying feature, it becomes easy to use CA to simulate land use change, 

urban development, urban growth, urban planning  and other changes of 

geographical phenomena. The CA models for land use changes are presented in 

many papers (Jenerette and Wu, 2001; Sui and Zeng, 2001; Li and Yeh, 2002; 

Soares-Filho et al., 2002; Bettingeret al., 2005; Dietzel and Clarke, 2007; Ménard and 

Marceau, 2007). 

 

Example of CA model 

An example of a land-use CA model is presented in Figure 3, where the space is 

represented as a raster image (grid cells) and the cells can have one of 4 land use 

states such as: 

 agriculture 
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 forest 

 urban 

 water 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Example of Cellular Automata 

 

In the example of Figure 3the cell marked with a cross has a neighbourhood marked 

with cells in bold, and each neighbourhood is composed of 13 cells. 

 

The CA model works as follows: 

 for every cell the model reads the state of the cells located within an extended 

neighbourhood composed of thirteen cells; 

 Model selects what would the new state of the cell be at the next time step 

(for example ten years later), according to the predefined transition rules. 

Concerning to the transition rules, some could be the following ones : 

Rule: 

IF land use is agriculture AND number of urban cells in the neighbourhood 

 is equal or greater than 3 

THEN change the land use to urban 

ELSE keep the land use as agriculture. 

Agriculture

Urban 

Water 

Forest 



 

35 

 

Rule: 

 IF number_of_urbanized_neighbors> 4 AND distance_to_road< 2 km 

  THEN change_cell_state(urban) 

  ELSE 

  IF number_of_commercial_neighbors> 5 

  THEN change_cell_state(commercial) 

   ELSE //nothing, keep the same state 

 END 

 

In the case of mathematical forms, they could have the following structure: 

 P(agricultural_to_urban) = 0.85*(distance to road) + 0.04*(number of 

urbanized neighbours) - 0.65*(number of industrial neighbours) 

 P(urban_to_commercial) = - 2*(distance to road) + 1*(density of the 

neighbourhood) - 0.9*(number of existing business) 

 

Finally, the state of cell change (cell marked with a cross) is done by the formula: 

change_cell_state=[max(P(agricultural_to_urban);P(urban_to_commercial))] 

 

2.3.3 Pros and Cons for the FUPOL objectives 

The CA automata approach has been extensively used for modelling of some 

domains where the surrounding environment influences strongly the behaviour of 

local change for the entity under study. For the objectives of FUPOL there are some 

advantages that must be integrated in the proposed approach and disadvantages 

that must be avoided in order to develop a powerful simulation approach for the 

FUPOL project. 

Advantages of CA 

The advantages of applying the CA models to land use include: 

 CA are explicitly spatial 

 Cell state is typically a land use 
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 CA models are often designed to test “what-if” scenarios and policies 

 CA is of a limited set of equations and transitions rules 

 Model input/output are in most cases raster images (used/created in 

GIS/remote sensing software) 

 CA can be seen as an extension of GIS, in which dynamics are applied on the 

data 

 CA models are good for capturing patterns of land use changes 

 In a CA model may be included a stochastic factor such as: if the probability 

of a land use change of a cell is greater than a random value, then the change 

will occur. 

As it has been reviewed, the CA approach is very powerful and has a lot of potential 

to model land use changes or situations where the surrounding influence plays a 

strong role in order to transform the current state of the cell.  

 

Disadvantages of CA 

There are other factors than proximity that influence also the behaviour of entities in 

the simulation environment that need to be taken into account.  

 These factors could be: 

 Particular behaviours cannot be explained just as the result of the effect of 

surrounding interactions, therefore in some approaches, such as the one in 

the SLEUTH model, these situations have been modelled as random factors 

but it is clear that in real systems these behaviours are not a matter of chance 

but caused by particular situations.  

 The CA approach lacks of the modelling characteristics to simulate subjective 

factors that also influence the governing rules of the entities within some 

domain models. Some domains cannot be modelled just with the rules based 

on the proximity influences (i.e. cellular automata), modelling of aspects such 

as affinity developed by the interactions of agents, perception of the well-
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being of an area within a community area etc. result difficult to model using 

the traditional simulation methodologies but those factors must be taken into 

account in order to develop simulation models that result useful for an actual 

policy planning process. 

 

2.3.4 FUPOL aspects, perceptions and recommendations 

As it has been reviewed, the CA approach has been useful for testing the evolution of 

policy domains where proximity plays the main role as the driving force in state 

change within the models. But as it has been presented CA lacks of the capability to 

take into account other driving forces that in reality influence the behaviour of an 

entity (i.e. cell in the case of land use), therefore the solely CA approach is 

insufficient to cope with the main objectives of the FUPOL project which aims to a 

more powerful approach that takes into account the causality of changes within 

some policy domains and in particular the citizen interactions gathered from the 

social networks to foster a more transparent way of participating in political decisions. 

The approach needed for the project must be flexible enough to integrate the 

proximity factors (such as in CA) but also other factors which are based on affinities 

or social interaction. Moreover for the objective of FUPOL, the modelling approach 

must also be able to take into account the opinion of different stakeholders in order 

to evaluate the future outcome of a particular policy domain.   

 

2.4 Agent Technology 

This sub section presents the basics of the agent technology paradigm. The main 

ideas and characteristics are presented in order to understand the characteristics and 

capabilities that this technology possesses as well as its limitations. This introduction 

is necessary in order to understand the methodology proposed in the FUPOL project 

in order to have a better implementation of agent technology in social sciences. 

 

Agent-based modelling and simulation (ABM) is founded on the notion that the whole 

of many systems or organizations is greater than the simple sum of its constituent 
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parts. To manage such systems, the systems or organizations must be understood as 

collections of interacting components (North&Macal 2007). Each of these 

components has its own rules and responsibilities. Some components may be more 

influential than others, but none completely controls the behaviour of a complete 

system. All of the components contribute to the results in large or small ways. Such a 

collection of components is said to be a complex adaptive system (CAS). System 

reactions where the complete results are more than the sum of the individual 

components' outcomes are called emergent behaviour. CAS regularly exhibit 

emergent behaviour. Managing a CAS requires a good grasp of emergent behaviour. 

The multi-agent technology systems combine this fundamental insight with proven, 

highly successful techniques to produce a new way to discover and analyse the 

dynamic of social systems. 

 

How does ABMS compare to traditional system modelling techniques? Specifically, 

how does ABMS compare to statistical modelling, risk analysis, optimization, systems 

dynamics, standard participatory simulation, or traditional discrete event simulation? 

Each of these approaches is useful in its own right and each has proven its value 

over the years. However, these system-modelling techniques alone are often not 

adequate to address many of the complex social systems questions. 

 

In particular, they tend to have difficultly capturing the highly nonlinear interactions 

that are common in the problems addressed by government and social sciences. 

These nonlinear interactions regularly combine to produce emergent behaviour.  

 

2.4.1 Description 

Agents are the decision-making components in complex adaptive systems which 

have sets of rules or behaviour patterns that allow them to take in information, 

process the inputs, and then effect changes in the outside environment. The 

information processing within agents typically includes some form of adaptation or 

learning.  
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As shown in Figure 4,anything that makes choices in a system can be viewed as an 

agent. Government, citizens, and other decision-makers can be modelled as agents. 

Organizations can be modelled as agents, computer systems can be modelled as 

agents. Naturally, agents form the core of multi-agent systems. 

 

 

 

 

 

 

 

 

Figure 4: Agents and attributes 

 

In multi agent systems (MAS), an agent is an individual with a set of attributes and 

behavioural characteristics as shown in Figure 5. The attributes define what a given 

agent is, and the behavioural characteristics define what a given agent does. 

Typically, there is variation among many of the agents in the model. 
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Figure 5: The basic structure of an agent 

 

The fundamental feature of an agent is the capability of the component to make 

independent decisions. As shown in (Makal, 2006), the main characteristics of agents 

are: 

 An agent is identifiable, a discrete individual with a set of characteristics and 

rules governing its behaviours and decision-making capability. Agents are 

self-contained. The discreteness requirement implies that an agent has a 

boundary and one can easily determine whether something is part of an 

agent, is not part of an agent, or is a shared characteristic. 

 An agent is situated, living in an environment with which it interacts along 

with other agents. Agents have protocols for interaction with other agents, 

such as for communication, and the capability to respond to the environment. 

Agents have the ability to recognize and distinguish the traits of other agents. 

 An agent may be goal-directed, having goals to achieve with respect to its 

behaviours. This allows an agent to compare the outcome of its behaviour 

relative to its goals. 

 An agent is autonomous and self-directed. An agent can function 

independently in its environment and in its dealings with other agents, at 

least over a limited range of situations that are of interest. 
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 An agent is flexible, having the ability to learn and adapt its behaviours based 

on experience. This requires some form of memory. An agent may have rules 

that modify its rules of behaviour. 

 

There are many kinds of agent attributes. Some common attributes used to 

represent people include age, income, sex, history, preferences and other 

characteristics related to the interest of the study field. 

 

As shown in Figure 5 agents' attributes are represented in a simple form. However, 

many agent attributes, such as preferences, are multifactor and thus are defined at 

multiple, nested levels. In an agent-based simulation, these attributes are carried by 

each agent and can often evolve or change over time as a function of each agent's 

experiences. 

 

In applications of ABM’s to social processes, agents represent people or groups of 

people, and agent relationships represent processes of social interaction (Gilbert and 

Troitzsch 1999). The fundamental assumption is that people and their social 

interactions can be credibly modelled at some reasonable level of abstraction for at 

least specific and well-defined purposes, if not in general.  

 

2.4.1.1 Agent Behaviours 

Agents have several behavioural features. These features include decision rules to 

select actions, adaptation capabilities to learn from experiences, perceptual 

capabilities to sense its surroundings, and optional internal models to project the 

possible consequences of decisions. These features are indicated inFigure. 

 

These behavioural features often vary from agent to agent to reflect the diversity 

commonly found in real situations. As shown in the figure, there are essentially two 

levels of agent rules (Casti 1998). The first are base-level rules. These rules specify 

how the agent responds to routine events. The second level contains "rules to 

change the [base-level] rules" (Casti 1998). 
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These second-level rules provide adaptation by allowing the routine responses to 

change over time. Thus, according to Casti, agents have "rules and rules to change 

the rules" (Casti 1998). Of course, this simple hierarchy can be greatly elaborated 

depending on the application.  

 

Agents have sets of decision rules that govern their behaviours. These rules allow 

agents to interact with and communicate with other agents as well as to respond to 

their environments. These rules can provide agents with responsive capabilities on a 

variety of levels from simple reactions to complex decision-making. 

Agent behaviours follow three overall steps: 

 First, agents evaluate their current state and then determine what they need 

to do at the current moment. 

 Second, agents execute the actions that they have chosen. 

 Third, agents evaluate the results of their actions and adjust their rules based 

on the results. 

These steps can be performed in many ways, including the use of simple rules, 

complex rules, advanced techniques, external programs, or even nested subagents. 

 

2.4.1.2 Simple Agents or Proto-Agents 

Agents are associated to a set of already mentioned characteristics: adaptive, 

autonomous, heterogeneous and have the capacity to learn and modify their 

behaviours. However, not all agents in all agent models are fully developed agents. 

Hence, the notion of proto-agents is used to signify those agents that lack one or 

more of defining characteristics of agency.  

 

In the case that a simulation is constructed as an agent model, but the agents do not 

exhibit the requisite characteristics of agents, the simulation is thereby a proto-agent 

model associated to prototype agents instead of agent-based model. Such model is 
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of importance when structured in a way that these missing features could be added 

within the established modelling framework. Still, simple reactive decision rules can 

allow proto-agents to perform essential interactions with their neighbours and to 

respond to basic environmental changes.  

 

With proto-agents, the external stimuli or trigger conditions for the rules are normally 

either mutually exclusive or prioritized. In general only a single simple rule is selected 

for activation during each decision making cycle for proto-agents (complex agents, 

which are presented in the next section, relax this constraint). Since the rules are 

extremely simple, they usually involve little or no adaptation. So how the adaptation 

is normally realized in complex systems modelled using agents with simple decision 

rules? Adaptation is represented using simple reactive agents through the 

configuration of the agents themselves. The agents change little, but the interaction 

structure of the agents can change over time in response to the changes in the 

system state. Such a change in the interaction patterns results in learning or 

adaptation on the system level. 

 

Lastly, though simple agent models have less explanatory power, the simplicity has 

its virtue. To be specific, representing agents using simple reactive decision rules 

allows focus on core mechanisms, permits models to be quickly developed, shortens 

verification and validation times, and enables rapid model use. Therefore, simple 

rules are usually a good starting point for prototyping, design, and implementation; 

moreover, the proto-agents can always be made more complex later. 

 

2.4.1.3 Complex Rule agents 

Complex rules are structurally similar to simple rules but have more sophisticated 

activation conditions. The main similarity is that the external stimuli or trigger 

conditions are normally either mutually exclusive or prioritized. On the contrary, the 

biggest difference lies in two aspects. First, nested rules, which are rules within rules, 

are allowed. These rules specify behaviours that depend on other behaviours within 

the agent. Second, it is common to have multiple complex rules activated during a 
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single agent decision-making cycle, which happens when the activation conditions for 

more than one rule are triggered. The activation sequence for the selected rules is 

normally prioritized so that the chosen rules are executed in an intelligible sequence. 

 

The use of complex rules, on one hand has its advantages in the sense that it can 

represent complex situations. On the other hand, the improved ability of richer 

models to represent the systems under study and their greater verisimilitude for 

domain experts can come at the price of reduced generality. In conclusion, complex 

rules are usually a good intermediate point for prototyping, design, and 

implementation.  

 

2.4.1.4 Advanced Technique Agents 

Sometimes, even complex rules are insufficient to represent the agents in some 

systems due to the sophisticated characteristics of agent behaviours. In this case, 

advanced techniques can be used to represent agent behaviours. Advanced 

techniques include the use of statistical methods such as multinomial logit modelling, 

the use of artificial intelligence methods such as neural networks, and the use of 

optimization methods, etc.  

2.4.1.5 Statistical Methods 

Statistical methods are very useful for rigorously finding numerical correlations in 

quantitative data, and are commonly used within agents to do forecasting. Many 

statistical methods can be applicable, including general nonlinear regression, various 

types of statistical hypothesis testing, and multinomial logit modelling. 

 

Multinomial logit modelling is one example among a range of sophisticated statistical 

methods that can be used within an agent to represent more realistic behaviours. 

Comparing to linear regression, it is also used to find predictive relationship between 

inputs and outputs, but it focus on discrete events instead of continuous ones. The 

method uses historical data to match the function to the shape of the situation being 



 

45 

considered. The resulting function is then used to estimate the likelihood of future 

events.  

 

A large number of other statistical techniques are also available. For instance, 

multinomial probit modelling is another predictive method for discrete events, only 

that an exponential prediction function is employed to replace the logit curve in the 

multinomial logit modelling.  
 

2.4.1.6 Artificial Intelligence Methods 

A variety of artificial intelligence methods can be used within agents. The methods 

include logic programming, neural networks, advanced search techniques, distributed 

problem solving, non-monotonic reasoning, etc.  

 

For the logic programming, rules are stated in the form of asserted truths or facts 

that are then matched to queries in a recursive form. Put it differently, queries are 

matched to facts. Any outstanding parts of the query that could not be resolved 

become new queries which are then matched against the stored facts. This process 

is repeated until all of the queries are matched or some of the queries are shown to 

be unmatchable given the current facts. 

 

Predicate databases can be easily updated as a model evolves, while the rule engines 

that operate on these databases can be simply embedded into agents. Using these 

tools to implement complex rules can save substantial amounts of time and 

significantly reduce development cost by leveraging existing off-the-shelf 

components.  

 

2.4.1.7 Optimization Methods 

Optimization methods are those that locate the “best” value among large sets of 

possible values. The optimization is usually defined to be either the highest or the 

lowest value possible. For example, a search for the highest value can be used to 

find the most profitable portfolio among a range of options.  
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All of these methods can work as a stand-alone logic of the agents or can be part of 

a very complex and intelligent agent that possesses some of all the mentioned 

techniques but there will be always a penalty performance when an agent possesses 

several logic techniques that govern their behaviour. 

2.4.2 Fields of Application 

There are plenty areas of application for the agent technology such as 

manufacturing, aeronautical operations, logistical ones and social sciences just to 

mention some of them. Because it is possible to model all kinds of entities that have 

a decision-making ability practically the agent technology is the most adequate to be 

used for modelling the behaviour of social sciences actors. 

2.4.2.1 Social Sciences 

The agent technology has been extensive used in several fields that range from 

industrial and logistics systems to social sciences where the individual behaviour is 

important to be modelled in such a way that it is useful to evaluate the overall effect 

of the interactions between agents. In the case of social sciences, the agent 

technology is on the cutting-edge approach for modelling social interactions. 

For example, Segal-Halevi (2012) models land use in Biblical economy by using the 

NetLogo platform (Wilensky, 1999). Originally, every citizen owns a land-plot, and 

this is achieved by two means: 1), all land was divided into equal plots, and each 

citizen got a plot; 2), once in 50 years, in the year of Jubilee, all lands returned to 

the original owners. This model checks whether it is possible to achieve the goal of 

Freedom (meaning, every citizen owns a land) even when the initial division is not 

equal. 

 

In this model, land is divided randomly - each land is given to one of the citizens, 

picked at random. This means that some citizens will have no land, while others will 

have many plots. At each period, each land has some probability of being sold. If a 

land is sold, it is transferred to a citizen picked at random. 
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After 50 periods, different Jubilee procedures can be performed: 1), no-jubilee - 

nothing is done; 2), jubilee-for-landless - each citizen with no land picks one of the 

lands that he had in the previous Jubilee (if any), and gets it back. 3), jubilee-for-all - 

each citizen gets all lands that he had in the previous Jubilee. As the model runs, 

there are more and more links. But at the Jubilee year, some or all lands return to 

their original owner, so some or all links are removed. 

 

One of the main objectives of this model is to check how many Jubilees it takes until 

each citizen has a land. It is obvious that this depends mainly on the possibility of 

trading plots. By considering the individual agent behaviour, we can extend the 

model from many aspects, for instance, we could consider wealth, meaning that 

wealthy citizens are more likely to buy lands, while poor citizens are more likely to 

sell lands. Or we could include subjective preferences: some citizens prefer to live in 

the east, while others prefer to live in the west, etc. 

 

2.4.2.2 Urban modelling 

Cities are complex systems in which diverse households and enterprises interact in 

influencing the urban land use change. Developers, local authorities, and lobbyists 

also play an important role in the strong competition for space. The aim of the study 

in FUPOL is to model the behaviour of the main factors in urban land use domain, 

through agents based modelling techniques. Different agent categories has been 

identified(new residents, existing residents, enterprises, developers, local authorities, 

lobbyists, and transport providers), along with the most significant characteristics of 

them, and with the interaction between the agents and the environment. The final 

goal is to define patterns of urban development and be able to simulate different 

scenarios of urban change and relocation, as a tool in implementing urban planning 

policies. 

 

According to the level of abstraction with which human behaviour is incorporated, in 

the Urban Modelling area it has been identified the following agent-based model 

types:  
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 models with cellular agents 

 models with local agents 

 models with global agents  

 

Models with cellular agents include cells that act as agents. Each cell has a state 

representing a land use class. In these models cells are the decision makers through 

which actor behaviour is expressed, each cell having a direct relation with the land 

owner. Decisions are directly related to the location that is represented by the grid 

cell. The state change mechanisms include quite a bit of detail on the agent and his 

behaviour through the agent's attributes, beliefs, desires, intentions etc. Cell agents 

cannot freely move in the modelled area and their decisions are independently.  

 

In agent based models with local agents, land use changes as the result of decisions 

taken by the agents at local level. In this approach the agent himself is the unit that 

makes decisions based on his own desires, believes and intentions. Agents exist 

locally, which means they have an explicit relation to the space they populate. This 

relation can have the form of an agent owning a parcel of land and therefore has the 

ability to decide on and change his land use, or an agent representing a family that 

decides to live in a certain location.  

 

The representation of agents is based on a large collection of attributes and relations 

such as human behaviour can be approached closely. 

 

The global agent based approach follows a two-step procedure to simulate land use 

changes. On the global level, there are agents who interact and compete.  The 

outcome of the agent interaction at the global level is used as one of the drivers of 

land use change at local level.  

 

The agents in this approach are represented as groups that have an influence on 

land use dynamics. Agent behaviour and interaction between agents does not take 

place at the local level and there is no relation between an agent and a particular 
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location. Interaction between agents is therefore inherently not spatial but economic 

or political.  

 

Comparing these models we see that all approaches include human behaviour, but 

differences occur in the way this is represented. A main difference is the decision 

unit and the level of abstraction with which human behaviour is incorporated. 

Simulating each individual as an agent, the local agent based approach, is the closest 

one can come to resemble the process of human decision making. In this approach 

each agent can have his own characteristics, including his own believes, desires and 

intentions. Global agent based modelling is complex in its agent behaviour, but omits 

the local competition as well as the interaction of the agent with the environment at 

local level.  

 

2.4.3 Pros and Cons 

Agent technology, as it has been reviewed, is a very promising approach for coping 

with several kinds of problems where the level of modelling granularity needed is 

very high. 

 

Advantages of MAS 

Some of the main advantages for the FUPOL project are the following ones: 

 The approach allows to model at a very low level the behaviour of 

independent actors in several systems such as aeronautical, open space, 

transportation systems, political and societal systems among others.  

  With the agent interaction it is feasible to test the overall outcome of 

decisions taken over the system that affect all the individuals that interact 

within it.  

 With the flexibility that agent technology allows, it is possible not only to 

have the same behaviour as the one obtained from a CA-based approach but 

also it is possible to add more capabilities within the logic of the agents (as it 

has been reviewed) that result in more accurate simulation models for the 

different domains under study. 
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 Moreover with the use of agent technology is relatively easy to code the 

particular behaviour of the different entities that participate in a particular 

domain. This behaviour can be coded as a set of simple rules or as complex 

ones with the use of the causal relationships coded in a modelling formalism. 

CA models, on the other extreme, have a rather abstract process 

representation in which agents are not included as such, but in which their 

behaviour is expressed through the transition rules (in the case of land use 

change). 

 

Disadvantages of MAS 

The main problem that arises when using this approach is the amount of computing 

resources needed to manage all the agents that participate in particular systems. In 

the case of social systems this problem becomes crucial because the amount of 

agents that must be put together (depending on the domain under study) can get to 

thousands or even millions when the level of granularity needed goes down up to the 

citizen level. Due to this problem, the FUPOL project allocated resources for 

overcome this problem in the WP4. 

 

2.4.4 FUPOL aspects, perceptions and recommendations 

As it has been reviewed, the agent technology is more powerful than the traditional 

CA approach for the modelling of social systems. It allows integrating several 

techniques into the individual agent behaviour to cope with a diverse of problems 

that range from financial to social ones. However, when modelling social systems it is 

necessary to have a particular approach that allows the modeller to use a bottom up 

approach in such a way that no ambiguity is allowed thus the emergent behaviour 

can be understood and analysed in a better way than it could be with a simply agent 

rule-based approach. The agent technology possesses the flexibility needed by 

FUPOL to have the same modelling capabilities that can be achieved using the CA 

approach and also the capacity to integrate relationships based not only in the 

proximity of the surrounding agents but based on other subjective or complex 

interactions such as the ones that arise from social dynamics. 
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2.5 Current Developments for the Modelling of Urban Domains 

The current section gives representative examples of some of themodelling 

approaches for land-use/urban modelling. This review has been made from the 

modelling approach perspective in order to identify the kind of simulation paradigm 

that has been implemented in the programs. Some of them have been also reviewed 

by WP4 but under a different perspective than the one performed by WP2. The 

review is not an exhaustive one but it is well-known by simulation community that 

the modelling paradigms are quite fewer than the number of simulation programs 

that can be developed only with a small variation of the scope, simulation approach 

and objective of the analysis they are intended for (i.e. resolution level, analysis 

scope, dynamics under study etc.).  Some of the tools use the CA approach while 

others use a combination of CA with rule-based simulation approaches and others 

also use an agent technology approach but without using any formal representation 

that enables to clearly identify the causal relationships that govern the behaviour of 

agents within the framework. The objective of most of these tools is the evaluation 

of future land-use configuration in urban areas as well as in open ones under diverse 

resolution levels.  

After the review has been performed it must be clear to the reader that the available 

attributes of the programs make them of no use for transparent modelling and for 

fostering e-participation under the FUPOL framework which are key characteristics 

within the innovative simulation approach developed in FUPOL. 

 

2.5.1 Metronamica 

METRONAMICA was developed in 1992 by the Research Institute for Knowledge 

Systems (RIKS). It is designed for planners to interactively simulate and assess the 

integrated effect of a variety of planning measures on urban and regional 

development. As an integrated spatial decision support system, Metronamica models 

socio-economic and physical environment, it uses this information at hand, to 

stimulate and facilitate awareness building, learning and discussion prior to decision 

making. Metronamica comprises a dynamic land use model that makes use of the 

Cellular Automata approach. The modelling framework enables the exploration of 
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dynamic land use change in cities, regions or countries caused by autonomous 

developments, external factors, and policy measures using structured ‘what-if 

analysis’. By combining autonomous developments with policy-induced changes to 

form integral pictures of possible futures for the area being modelled, its relative 

value on land use changes as well as social, economic and ecological criteria can be 

evaluated. With a highly dynamic and autonomous process, this approach thereby 

has its advantage for the integrative, flexible and interactive nature. 

 

The core component of Metronamica is an explicitly dynamic land use model applied 

to a map of the territory. Space is represented as a regular grid, in which each cell 

indicates the dominant land use in that area. Examples of land use classes include 

forests, agriculture, residential area, industry, commerce, airports and open waters. 

Starting with a given land use map, the model allocates a specified number of cells 

for each land use annually. In this allocation, different land users compete for space 

to occupy the best locations. The notion of best location is modelled through total 

potential as a numerical value for each location- grid cell- and each land use. Total 

potential is computed as a function of the influence of the land use that occurs within 

the neighbourhood of a cell, accessibility to infrastructure, physical suitability and 

zoning regulations. All of these factors need to be calibrated on the basis of historic 

land use maps and/or expert knowledge. 

 

In order to demonstrate the driving forces of change in the spatial configuration of 

the area, it employs a layered model that operates at three embedded geographical 

levels: the global, the regional and the local level. The global level figures for the 

overall population, the activity per economic sector, and the expansion of natural 

land uses, which enter in the model as global trend lines. At the regional level, a 

dynamic spatial interaction based model takes into consideration regional 

inequalities, and allocates national growth as well as the interregional migration of 

activities and residents based on the relative attractiveness of each region. Lastly, at 

the local level, which is the most unique feature of the shell, the regional demands 

are allocated on the land use map by means of a cellular automata-based land use 

model. 
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The simulation of land use changes are driven by a number of important factors. 

There are external factors such as population growth or the decrease of natural area, 

which determine the demand for different land uses. Population and jobs are divided 

over the regions, based on how attractive these regions are to the people and 

businesses. This attractiveness depends on a number of other factors such as 

existing activities and local characteristics (e.g., the accessibility). Moreover, within 

each region, the land uses for every location are determined based on socio-

economic factors (e.g., business trend), policy options (e.g., tax, regulations) and 

biophysical factors (e.g., soil quality). 

 

Though the minimum data required for using the land use model is an initial land use 

map, it has many options to add data for additional precision: census data about 

population and jobs plus transport network to elaborate the model; land use maps of 

other years to improve calibration accuracy; zoning data; any spatial data that 

influences land use choices such as flood risk, soil type, environmental pollution and 

air quality, etc. With such flexibility and interactivity, planners can experiment with 

scenarios, policy options and external influences which can be directly visualized. 

Examples include spatial zoning plans, expansion of the road network or population 

growth scenarios, which can be compared to the baseline scenario. This enables 

planners to gain insights in possible future land use developments and the influence 

of alternative policy measures. 
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2.5.1.1 The Resolution Levels in Metronamica 

 

In order to demonstrate the driving forces of change in the spatial configuration of 

the area, it employs a layered model that operates at three embedded geographical 

levels as follows: the global or national, the regional and the local level.  

 

 

 

 

 

 

 

Figure 6 : Three resolution levels of Metronamica 

 

• Global level 

The global level consists of the entire modelled area. The global trend lines including 

the overall population, main economic activities, and the expansion of natural land 

uses determine the demand of different land uses. Among them, main economic 

activities are typically considered to restrict to 3 to 10 sectors, such as farming, 

mining, industry, commercial activities and recreation. 

 

• Regional level 

This level consists of several administrative regions. A dynamic spatial interaction 

based model is employed to account for regional inequalities, based on the fact that 

some parts of a country are more attractive to economic and demographic 

developments than others. The attractiveness of a region is calculated from factors 

such as employment, productivity and local characteristics (e.g., the transportation 

system). If a region has no space left for a certain activity anymore, it will lose 

attraction and growth is diverted to other regions. The national socio-economic 

growth as well as the migration of residents and activities is allocated according to 

the competition of all regions.  
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• Local level 

At the local level, the regional demands are allocated on the land use map by means 

of a cellular automata based land use model. In other words, most cell demands are 

generated by economic and demographic requirements on the regional level and 

implemented on the local one. For example, the demand of an increasing population 

on the regional level requires more cells of residential land use, and the detailed 

allocation of people, jobs and land use are determined at the local level. Reversely, 

the summarized cellular from the local level can influence the region’s attractiveness 

for economic and demographic growth. Besides, the cell-state can also change 

directly, for instance, cells along the shore can change from beach to water if the sea 

level rises (White and Engelen 1997). 

 

2.5.1.2 Driving Force of Land Use Changes 

As argued in the previous section, the change of the cells of land use from one type 

to another is due to the relative attractiveness of the cell, as well as the local 

constraints. To be specific, there are four important factors driving the changes in 

land use at the local level.  

 

• Physical suitability 

The notion of suitability is used to describe the degree to which a cell is fit to support 

a particular land use function and the associated economic or residential activity. 

Suitability maps are constructed based on the physical characteristics of the location. 

They remain the same during the simulation unless new suitability maps for specific 

times are imported.  

 

• Zoning or institutional suitability 

Zoning maps serve for implementing spatial restrictions on the allocation of land 

uses. For each land use, there is a time-series of zoning maps. It specifies whether 

cells can be included in a particular land use allowing changing zoning regulations 

over periods of time.  
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• Accessibility 

Accessibility measures the capacity with which an activity can fulfil its needs for 

transportation and access to other infrastructure in a particular cell. The accessibility 

is calculated per land use function, and does not change unless the zone accessibility 

parameters in the transport model or in the infrastructure network are modified.  

 

• Dynamic interaction of land uses 

For each land use function, a set of spatial interaction rules determines the degree to 

which it is attracted to by the other functions present in its surroundings. 

Subsequently, if the attractiveness is high enough, the function will try to occupy the 

location; otherwise, it will look for more attractive places. The process constitutes a 

dynamic and highly non-linear character because of new activities taking place and 

land use changes in a neighbourhood over time.   

Based on these four elements, the model calculates for every simulation step the 

transition potential for each cell and function. Until regional demands are satisfied, 

cells will end up with the land use function for which they have the highest transition 

potential. Consequently, the transition potentials reflect the pressures exerted on the 

land and thereby contain important information for those responsible for the design 

of sound land use planning policies. 

 

Though the minimum data required for using the land use model is an initial land use 

map, it has many options to add data for additional precision: census data about 

population and jobs plus a transport network to elaborate the model; land use maps 

of other years to improve calibration accuracy; zoning data; any spatial data that 

influences land use choices such as flood risk, soil type, environmental pollution and 

air quality, etc. With such flexibility and interactivity, planners can experiment with 

scenarios, policy options and external influences which can be directly visualized. 

Examples include spatial zoning plans, expansion of the road network or population 

growth scenarios, which can be compared to the baseline scenario. This enables 

planners to gain insights in possible future land use developments and the influence 

of alternative policy measures. 
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2.5.2 SLEUTH 

SLEUTH is the short form for the input layers that models use in gridded maps: 

Slope, Land-use, Exclusion, Urban extent, Transportation and Hill shade. It was first 

developed by Department of Geography in the University of California, Santa 

Barbara, and US Geological Survey. It has been successfully implemented in San 

Francisco, Chicago; later the applications were also carried out in Europe (Silva and 

Clarke 2002).  

 

SLEUTH model, situated in Project Gigalopolis, presents forefront research regarding 

urban dynamics through environmental simulation modelling of urban growth. To be 

specific, it is the evolutionary product of the Clarke Urban Growth Model that uses 

terrain mapping, cellular automata working as artificial agents in the transition phase 

of land cover change to address urban growth. Called Deltatrons (Clarke, 1997), 

these "bringers of change" enforce spatial and temporal autocorrelation of the land 

cover transition process.  The model is structured in two different modules, which 

can be activated independently. One is UGM (Urban Growth Model), which simulates 

the urban growth. The other is Deltatron, and it allows observing the changes in land 

uses.  

 

SLEUTH requires several input datasets such as topographic slope layer, land use, 

urban extents, road transportation layer, and graphic hillshade layer. The simulation 

is realized as a series of growth cycles that begins at a start date and finishes at a 

stop date. Hence, the model is applied in a set of nested loops: an outer loop 

executes each growth history and retains statistical data, while an inner loop 

executes the cellular automaton that allocates cell transitions for each single year. 

 

The simulation model is created by five growth coefficients and four growth rules. 

The coefficients serve to influence the transition rules and the behaviour of the 

cellular automaton (with values from 0 to 100). These five coefficients are the 

following: 
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 Diffusion (overall scatter of the growth): it controls the number of times that a 

cell is randomly selected to be urbanized during the application of 

spontaneous growth law. 

 Breed (likelihood of new settlements being generated): it determines the 

probability of an urbanized cell changing to a new urban core which has the 

possibility to evolve (new spreading centre) in the spontaneous growth phase. 

Besides, it can be used in road-influenced growth phase, determining the 

spread along a road. 

 Spread (growth outward and inward from existing spreading centres): it 

defines the probability that a cell, which is part of a spreading centre (a 

cluster with at least two urbanized cells, in a 3x3neighbourhood), generates 

another urbanized cell in its neighbourhood. 

 Slope resistance (flat ground is preferred): slope above 21% can’t be 

urbanized. The slope coefficient determines the weight of the probability that 

a location may be built up. 

 Road gravity (attraction of urbanization to roads and diffusion of urbanization 

along roads): it defines the maximum influence distance for each road on 

urbanization probability. 

 

Besides, four steps of growth behaviour simulate the urban land-use (Jantz et al. 

2004). They are spontaneous (simulate the random urbanization of single pixels), 

diffusive (model the emergence of new urbanizing centres by generating 

neighbouring urban cells around areas that have been urbanized through 

spontaneous growth), edge (simulate outward growth from the edge of new and 

existing urban centres) and road-influenced growth (simulate the influence of the 

transportation network on growth patterns by generating spreading centres adjacent 

to roads). These growth behaviours are sequentially applied during each growth 

cycle. Together with abovementioned excluded layer probabilities, they determine 

the probability of any location of becoming urbanized.  
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The program is completed in test, calibration, and project modes. Data are tested in 

test mode to see whether or not they are ready for calibration. The calibration is the 

most crucial part which determines the accuracy and prediction effect in the whole 

procedure. Known as “Brute Force Calibration”, it relies on maximizing spatial 

statistics between the model behaviour and the known data at specific calibration 

data years. Between the calibration phases the user can extract values that best 

match the five growth coefficients. After the calibration, historic patterns of growth 

are projected into the future. After these phases, there is the self-modification 

process; without it the model produces linear or exponential growth, which is quite 

far from reality. 

 

Compared with another land use modelling approach such as the one used in 

Metronamica, SLEUTH shares similar input data with that, and they are both based 

on Cellular Automata. With respect to their differences, unlike Metronamica, SLEUTH 

does not include multiple scales, only several growth cycles. Besides, SLEUTH has no 

sufficient mechanism to simulate the potential impacts of incentive policies, while 

Metronamica allows an easy generation and assessment of future policies as well as 

past spatial policies to support decisions of policy-makers.  

 

2.5.3 OCOPOMO 

OCOPOMO is a European R&D project, standing for Open Collaboration for Policy 

Modelling. Starting in January 2010, the on-going project is co-funded by the 

European Commission under the 7th Framework Program, Theme 7.3 ICT for 

Governance and Policy Modelling. The project consortium is consisting of ten 

partners from five European countries, and the achievement will be tested on pilot 

applications by regional governments in Italy and Slovakia. 

 

The project aims to address some of the future trends in the e-Governance research 

and applications, namely the extension of the service provision paradigm towards a 

broader active participation of general public and various groups of stakeholders 

(decision makers, analysts, representatives of companies, civic society organizations, 

etc.) in a collaborative policy creation. At the meantime, it also targets challenges 
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like a suitable ICT support in foresights (especially long-term strategic planning), 

manage complexities in policy making within complex socio-economic environments, 

and develop appropriate policy models and IT solutions to support them. The system 

enables an open and transparent collaboration of policy stakeholders in the process 

of identifying crucial features of complex social and macroeconomic models to 

simulate potential alternative policies.  

 

To achieve the goal of providing a collaborative environment for an integrated 

process of policy modelling, the approach adopted by OCOPOMO is multidisciplinary 

and is supported by several mutually interrelated topics. It includes sociology 

investigations on global and regional levels, provided as macro- and micro-level 

models of socio-economic relationships. The system, where ICT is used for the 

support of policy modelling by a combination of narrative scenarios, agent-based 

modelling , and e-Participation tools (all integrated via an e-Governance platform), 

contributes to a qualitatively better management of socio-economic processes. 

 

The policy modelling method is a combination of agent-based bottom-up and 

econometric top-down approaches. The conceptual schema of collaborative policy 

modelling of OCOPOMO project is presented in the following graph. It depicts 

interactions and communication flows between target user groups of policy analysts, 

policy operators, groups of experts, external interest groups and citizens. 
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Figure 7: Collaborative policy modelling of OCOPOMO 

 

The order of interactions between particular stakeholders is marked by numbered 

items. At the beginning of iterative process (1), the participants collaborate in 

developing narrative descriptions of policy alternatives for a given area. The 

generated narrative scenarios are then used as a basis for two types of policy 

models, where experts produce a common macroeconomic model and another 

individual agent-based simulation model. The common macroeconomic model (2) 

represents global economic conditions and relations, while the individual model (3) 

reflects the concerns, objectives and perspectives of particular local stakeholders. 

The policy models, aligned to support narrative scenarios, enable to construct and 

visualize these models, as well as to simulate a set of possible alternatives in the 

OCOPOMO platform (4). The stakeholders may collaboratively modify the parameters 

of agent-based models, validate and evaluate the policies against the scenarios. The 

procedure continues in iterations that may cause changes in alternative scenarios 

(5a) or modifications in individual policy models (5b). 

 

Effective scenario development, including communication and information exchange 

between involved participants, is supported by collaboration and e-Participation 

platforms. The module of participation platform comprises of a collaborative space of 
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the shareholders’ community, such as content management, personalized data, 

annotation and enhanced search, customized scenarios, etc. Finally, a content 

management system enhanced by text mining mechanisms and/or shared conceptual 

models of the domain (i.e. taxonomies, topic maps, ontologies) is envisioned to 

maintain textual scenarios, agent-based models, and other relevant resources. 

 

Governments and policy operators benefit from the OCOPOMO solution by being able 

to involve stakeholders and have a toolbox to master complexity better in developing 

their strategic policies through an integrated e-governance toolbox. As one of the 

innovations of the project, it enables stakeholders’ collaboration using an ICT toolbox 

for communication, seamless information exchange, storing, searching and 

manipulation with the digital content. Through the policy models, the methodological 

approach of combining scenario-based stakeholder engagement and formal policy 

modelling provides policy operators with better results in impact assessments 

of alternative policies. 

 

2.5.4 URBANSIM 

UrbanSim is an open source software-based simulation system for supporting 

planning and analysis of urban development, incorporating the interactions between 

land use, transportation, the economy, and the environment. It was designed by 

Paul Waddell from University of California, Berkeley, and later developed with 

numerous collaborators. The system is specially intended for use by metropolitan 

planning organizations, cities, counties, non-governmental organizations, and 

researchers who are interested in exploring the effects of infrastructure and policy 

choices on community outcomes such as motorized and non-motorized accessibility, 

housing affordability, greenhouse gas emissions, and the protection of open space 

and environmentally sensitive habitats.  

 

UrbanSim models urban development using a dynamic process, taking into 

consideration the interaction of many factors within the urban markets for land, 

housing, non-residential space and transportation. For instance:  
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 Households make decisions about whether to move and where to move. 

 Businesses make similar choices. 

 Developers make choices of what properties to develop or redevelop and into 

what use, at what density and scale. 

 Governments invest in infrastructures and land use plans, and regulates on its 

density, environmentally-sensitive restrictions, urban growth boundaries, and 

many other policies. 

 

By emphasizing the interaction between market behaviour and governmental actions, 

UrbanSim is designed to maximize reality, and enhance its use for assessing the 

impacts of alternative governmental plans related to land use and transportation. In 

the model, land use is represented by cells and their probabilities of changing are 

influenced by the state of neighbouring cells thus it uses the Cellular Automata 

approach. Interactions are thus modelled both at the model component level and at 

an individual agent level. The time step modelled is one year. 

 

For running the model, input data consists of grid cells, and it requires exogenous 

information as below: 

 Population, household and employment dataset 

 Regional economic forecasts 

 Transportation system plans (travel access indicators from external 

transportation models) 

 Land use plans 

 Land development policies such as density constraints, environmental 

constraints, and development impact fees 

 

UrbanSim is not a single model. Combining input datasets previously described, the 

simulation system consists of a family of models interacting within this environment. 

 

1. Demographic and Economic Transition Models.  
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The demographic transition model simulates how many households of each type 

must be added or removed from the database. It is based on external information 

that projects total population, and additional information as household income, size, 

and age distribution that enables a population shifting. Newly created households are 

added to the household list but without an assignment to a specific housing unit. 

They are going to be placed in housing later by the Household Location Choice 

Model. As for the economic transition model, it aims to simulate job creation and loss 

in a similar manner with the demographic transition model (based on total 

employment and business sector distribution).  

 

2. Household and Employment Mobility Models.  

This model simulates the “households’’ decision about whether to move where the 

probabilities of moving are based on historical data. The Employment Mobility Model 

determines which jobs will move from their current locations during a particular year. 

 

3. Household and Employment Location Models 

The Household Location Choice Model chooses a location for each household that 

currently has no location. For each such household, a sample of locations with 

available housing units is randomly selected from the set of all vacant housing. Each 

alternative in the sample is evaluated using a multinomial logit model calibrated to 

observed data, and the most desired location will be assigned to the household. The 

variables used include attributes of the housing such as price, density, age, and 

neighbourhood characteristics as land use mix, density, average property values, 

local accessibility to retail, and regional accessibility to jobs. 

 

The Employment Location Choice Model is responsible for determining a location for 

each job that has no current location. Allocations are carried out in a similar way. 

Variables used include real estate characteristics (price, type of space, density, age), 

neighbourhood characteristics (average land values, land use mix, employment in 

each other sector), and regional accessibility to population. 

 

4. Real Estate Development Model. 
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This model simulates developers’ choices about which construction to undertake and 

where, including both new development and redevelopment. Each year, a list of 

possible grid cells and transition alternatives are created. The probability for each 

alternative to be chosen is then calculated by a multinomial logit model. Variables 

include characteristics of the grid cell (current development, policy constraints and 

improvement value), characteristics of the site location (proximity to highways, 

existing and recent development) and regional accessibility to population. 

 

5. Land Price Model. 

This model uses location and real estate characteristics to simulate land prices of 

each grid cell as the characteristics of locations change over time. These in turn 

influence the location choices of households, firms, and developers. The model is 

based on urban economic theory, which argues that the value of location is 

capitalized into the price of land. The model is calibrated from historical data using a 

hedonic regression (Rosen, S. 1974) to include the effect of site, neighbourhood, 

accessibility, and policy effects on land prices. Similar variables are used as in the 

previous Model. 

 

Taken these models together as a system, these components maintain the data store 

and simulate its evolution from one year to the next. The data export process 

gathers, aggregates and exports data from the data store to external files for 

subsequent analysis and graphical display. Users can choose different output files 

and specific simulation years. Outputs are then created at the grid cell level, and 

summarized by traffic zone and for the region as a whole. Output information 

includes: 

 Future year distributions of population 

 Households by type (e.g. income, age of head, household size, presence of 

children, and housing type) 

 Businesses by type (e.g. industry and number of employees) 

 Land use by type (user-specified) 

 Dwelling units by type 



 

66 

 Square footage of non-residential space by type 

 Densities of development by type of land use 

 Prices of land and improvements by land use 

Comparing to other land use models such as Metronamica and SLEUTH, UrbanSim 

requires a relatively large input dataset that could be difficult to obtain, and the 

modelling approach is the cellular automata.  

 

2.5.5 CLUE 

CLUE - Conversion of Land Use and its Effects - was developed by Tom Veldkamp 

and Louise Fresco in 1996 in order to simulate land use change by using empirically 

quantified relations between land use and its driving factors in combination with 

dynamic modelling of competition between land use types (Verburg P., 2010). This 

model was developed for the national and continental level and it was applied in 

Central America, Ecuador, China, Java and Indonesia. 

 

At the beginning the CLUE application was focused on the national and continental 

scale, where the sizes of grid cell were comprised between 7×7 km and 32×32 km. 

The CLUE model cannot be directly applied at regional level, because at this level 

there are differences in data representation and other typical features for regional 

applications. 

 

For small regions was developed another version, named CLUE-S model - Conversion 

of Land Use and its Effects at the Small regional extend, that uses a finer grid 

resolution of 1×1 km and each grid cell has a dominant land-use type. Originally 

designed for the regional or watershed level, it has recently been applied on the 

continental scale for a European-wide scenario analysis, together with the IMAGE 

model (Verburg et al., 2006). The information needed to run the CLUE-S model is 

illustrated in Figure 8 and the components are the following (Verburg P., 2010): 

 Spatial policies and restrictions indicate areas where land use changes are 

restricted through policies or tenure status; 
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 Land use requirements (demand) are calculated at the aggregate level as part 

of a specific scenario, based on a range of methods, depending on the case 

study and the scenario; 

 Land use type specific conversion settings - determine the temporal dynamics 

of the simulations. To characterize the individual land use types are needed 

two sets of parameters: conversion elasticity and land use transition 

sequences. 

 Location characteristics - land use conversions are expected to take place at 

locations with the highest 'preference' for the specific type of land use at that 

moment in time;  

 The allocation procedure consists on the following steps: 

o the determination of all grid cells that are allowed to change; 

o for each grid cell of each land use types is calculated the total 

probability; 

o for all land use types is made a preliminary allocation by allocating the 

land use type with the highest total probability for the considered grid 

cell;  

o The total allocated area of each land use is compared to the land use 

requirements (demand).  

o  
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Figure 8: The information needed to run CLUE-S model (Verburg, 2010) 

 

 Dyna-CLUE model is an adapted version of the CLUE-S model which is based 

on the spatial allocation of demands for different land use types to individual 

grid cells. Dyna-CLUE version 2.0 combines the top-down allocation of land 

use change to grid cells with a bottom-up determination of conversions for 

specific land use transitions. Dyna-CLUE model was implemented in Europe 

and it uses 16 different land use types. 

 The CLUE-Scanner application is used to simulate scenarios that include the 

assessment of biofuel crop policies on EU land use, an assessment of 

biodiversity policies and the analysis of spatial measures for climate change 

adaptation. 

2.5.6 Comparisons between land use models 

The successful application of a model in one particular area does not necessarily 

imply itsusefulness in another application. All models may involve different 

characteristics in set-ups, interacting factors, modelling procedures, etc. In Table 

1are illustrated the differences and similarities between CLUE model, METRONAMICA 

model, SLEUTH model, UrbanSim model and FUPOL model.  
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Table 1: Differences and similarities between CLUE model, METRONAMICA model, 

SLEUTH model and UrbanSim model (Linke, 2008) 

 

 

 

Accounting for dynamic evolution, most of models calculate the land use on a yearly 

basis while making use of the land use of previous year. CLUE model is the only one 

that does not include dynamic evolution, but accounts for bottom-up as well as top-

down interactions. Moreover, the spatial pattern in traditional models emerge from 

local dynamics, while FUPOL models does not only integrate this feature, but also 

allows to evaluate the dynamic change in several units of time (i.e. yearly,mothly, 

weekly etc.) depending on the scope and the resolution of the model. 

 

Another important element in the comparison of models is the multi-scale approach, 

in other words, does the model analyse land use problem at multiple scales to 

account for hierarchical organization of land use systems? Except SLEUTH which 

Criteria Models
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cannot work for multiple scales, all other models incorporate multiple scales for 

modelling. For instance, METRONAMICA model includes three levels of scale, the 

global, national and regional level; while CLUE integrates the national scale, a 

coarser and a finer allocation scale.  

 

On the one hand, all models take into consideration policy interventions, such as 

zoning or natural protected areas. On the other hand, it is not the case that all the 

models can provide policy support in the sense that their modelled output can be 

used in policy process and support policy maker’s decisions. SLEUTH has no 

adequate mechanism to simulate the potential impacts of incentive policies. CLUE is 

designed for scientists and policy makers to help understanding the adverse effects 

of land-use changes. However no information was found on a practical application 

that included interaction with policy makers. 

 

It can be appreciated that most of the software tools available nowadays have been 

developed using the CA approach, with the exception of OCOPOMO that integrates 

some agent-based models for the evaluation of some policies’ characteristics. The 

time flow is yearly based which in contrast with the one developed in FUPOL is 

flexible and the time step depends on the developed model and the resolution 

defined. In most of the available developments the forecasting is performed through 

a regression analysis of available historical data. As it has been already discussed the 

CA approach alone is not capable of taking into account important factors that 

influence the behaviour of the modelled reality such as social network affinity, 

interactions at distance or other ones that influence beyond the surrounding limits of 

the simulated area. The lack of the capabilities for simulating theseinteractions that 

have emerged with the new technologies (i.e. social networks and electronic 

communities) make CA a very limited simulation approach for the objectives aimed at 

FUPOL. 

 

Furthermore the available approaches have been developed neither for the current e-

governance nor for the support of e-participation processes. The two processes have 

received a lot of attention at different levels because with the evolution of electronic 
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transactions and interactions these kinds of processes become very important in 

order to develop new ways of interaction between government and citizens. The 

approach developed in FUPOL will cope with the electronic interaction for e-

governance, and the simulations models will allow participants to interact in order to 

discuss and foster a more active way of communication in some subjects of the 

political arena.  
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3 Generic Modelling for Policy Domains 

This section deals with the methodology proposed and the approach that will be 

used to develop, characterize and govern the behaviour of the agents that 

participate in the policy domains under study. The approach presented in this section 

aims to a better and a more transparent way for developing the interactions of actors 

in any policy domain. First, the proposed causal modelling tools are introduced. 

These tools will be the main elements that will be used to identify and model 

causality within the actors that participate in the different domains. Second the 

methodology is presented and discussed in such a way that it is clear to the reader 

the advantages it presents for the FUPOL objectives. In this chapter also is discussed 

the MAS framework selected to test the agents whose behaviour will be governed by 

the developed causal CPN models. Moreover the translation from the modelling 

formalism to the MAS framework is presented in order to be used as a guideline for 

future implementations and developments. 

 Finally the guidelines and the causal models for the selected domains are 

presented, the specification of main citizen, community and governance body 

relationships are presented through the use of the fuzzy cognitive maps and coloured 

Petri nets at different levels. The requirements for the simulation cases are presented 

and discussed. 

The presented causal models and methodology will serve as the guidelines for the 

development and implementation of simulation models for any new domain and the 

CPN causal models will serve as the inputs for the WP4 activities related to 

developing the simulation modules with the technology that will manage real-size 

models for theFUPOL project. 

The FCM and CPN can be seen as separate methodologies for determining the 

causality at different resolution/granularity levels, both can be used together 

depending on the domain and scope (determined by the pilots) for the development 

of causal models; they not only complement each other (as presented in the 

methodology) but also the FCM can work as a stand-alone tool for identifying either 

the initial causal relationships at high level or the emergent relationships identified 

after the simulation has been performed under the simulation framework. The 
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particular implementation of them will depend mainly in the necessities and 

requirements externalized by the pilot cities (i.e. resolution level, study objectives, 

problematic, etc.) 

 

3.1 Causal Modelling 

The modelling of social systems has been traditionally faced by approaches which 

determine the dynamics based on a functional approach i.e. they determine the 

factors that affect the outcome of a policy and the previsions are performed based 

on the correlation of the selected factors. This approach lacks the possibility of 

exploring the main causes that originate the behaviour of a system; instead it faces 

the problem through regression models, neural networks, etc. The problems with 

these kinds of approaches is that they assume that the participants in a policy 

process will behave always in the same way as they did historically, a situation which 

is obviously wrong. On the other hand the causal modelling approach proposed in 

FUPOLfocuses its efforts in modelling the main causes that originate a particular 

behaviour. This approach can take into account as many factors as the ones 

identified in the real system. Some of those factors could participate in the dynamics 

of the systems in such a small way that someone could argue that the outcome 

would be the same as the one obtained from a traditional approach. The advantage 

of taking into account all the factors that play a role in a policy process is that when 

the conditions of the environment are quite different from the one where the 

historical data was taken, the factors whose contribution had been not determinant 

could become important under the new conditions, i.e. emergent dynamics (this 

could be the case of an economic crisis, an environmental disaster etc.). 

 

There aresome formalisms and techniques which are capable to deal with causal 

modelling; in particular the cognitive process can be modelled using the fuzzy 

cognitive maps which are capable of taking into account the different concepts, 

actions or processes that participate in a policy process at a high level. In a more 

formal way the modelling formalism called Coloured Petri Nets has become more and 

more accepted to perform the modelling of the causalities within dynamic systems 
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mainly because it is able to model the causal relationships and also true concurrency 

and parallelism which take place in social dynamics. The use of coloured Petri nets 

under the FUPOL project will allow transforming the causality identified with the 

cognitive maps into a formal way for modelling the behaviour of the actors or entities 

that participate in a policy domain. The semantics of the modelling formalism are 

capable to define in a formal way and without ambiguities the events or conditions 

that must be fulfilled in order to unchain a particular event or process. These 

characteristics result appropriate to model dynamic systems that change in discrete 

instants of time such as logistic systems and social ones. 

 

3.1.1 Fuzzy Cognitive Maps 

Cognitive maps (CMs) are qualitative models of a system, consisting of variables and 

the causal relationships between those variables. Causal relationships among the 

variables in the models are specified and tested with parameter estimation 

procedures, usually maximum likelihood. These variables can be physical quantities 

that can be measured. The decision-makers’ maps can be examined, compared as to 

their similarities and differences, and discussed (Özesmi,2003). Stakeholders can be 

compared to see which groups have more relationships among variables. If some 

groups perceive more relationships, they will have more options available to change 

things. The person who develops the cognitive map decides what the important 

concepts which affect a system are, and then draws causal relationships among 

these variables indicating the relative strength of the relationships with a 

positive/negative/none sign between concepts. The directions of the causal 

relationships are indicated with arrowheads. Also, he decides on the strengths that 

can be changed easily. More simulations can be done in order to see how the model 

changes with changing strengths of relationships.  

 

Cognitive Maps (CMs) have been used successfully in the past in the following 

different situations: 

 For decision making (Ross, 1976): Given a CM and having in mind that our 

aim is to maximize (minimize) the value of a specific node, e.g., the "Profits", 
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the policy that will maximize (minimize) that concept can be inferred using the 

causal relationships represented in the map. 

 For prediction (Robert, 1973): Imagine that the values of certain variables for 

some reasons have been modified. The consequences to the other concepts of 

the map can be inferred, and so prediction is made. In this way, scenarios can 

be created, and the results will be forecasted based on the causal 

relationships of the map. 

 For explanation (Bonham and Shapiro, 1973): After a series of observations, it 

has been seen that the values of some specific concepts of a CM have been 

changed. Using the CM, an explanation that is consistent with the causal 

relationships of the map can be found. In this case, it is checked where the 

observed effects might have come from. Paths are traced backwards, and this 

is the reverse operation of prediction. 

 For strategic planning (Hart, 1976; Tsadiras, Margaritis and Mertzios, 1995): A 

number of changes are planned to be done in an organization or a system in 

general. Introducing these changes to the map, forecasting of the 

consequences is made. The consequences may be those we aimed for. On the 

other hand, they can be undesirable or have negative side effects. The results 

can be modified if there is a change to the type (sign) of the causal 

relationships that are introduced in the map, or if a new relationship is 

introduced. This means that we can check which causal relationships should 

be changed or which new relationships should be introduced in order to get 

the desired results. These conclusions will form the strategy that should be 

followed. 

 

Fuzzy Cognitive Maps (FCMs) is a modelling methodology developed by Kosko as an 

expansion of cognitive maps (Axelrod, 1976; Kosko, 1986), and they belong to the 

class of neuro–fuzzy systems, which are able to incorporate human knowledge and 

adapt it through learning procedures. Kosko (1986) modified Axelrod’s cognitive 

maps, which were binary, by applying fuzzy causal functions with real numbers in 

[−1, 1] range to the connections, thus the term fuzzy cognitive map. FCMs are 
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designed by experts through an interactive procedure of knowledge acquisition 

(Hagiwara, 1992; Stylios and Groumpos, 2000).  

 

Fuzzy cognitive mapping has been used to model a variety of things in different 

fields: political developments (Taber, 1991), organizational behaviour and job 

satisfaction (Craiger et al., 1996), and economic/demographics of world nations 

(Schneider et al., 1998) to define management objectives for the Lake Erie 

ecosystem (Hobbs et al. 2002). Özesmi (1999a,b) first used FCM to analyse the 

perceptions about an ecosystem held by people in different stakeholder groups. Also, 

FCMs are used in: modelling intelligent systems (Jang et al., 1997), decision analysis 

(Khan et al., 1999), graph behaviour analysis (Hagiwara, 1992), social systems 

modelling (Taber, 1991,1994), organizational behaviour (Craiger and Coovert, 1994), 

virtual worlds (Dickerson and Kosko, 1994), supervisory systems modelling 

(Groumpos and Stylios, 2000; Papageorgiou et al., 2004a), decision-making medical 

field (Papageorgiou et al., 2003b; Parsopoulos et al., 2004), (Papageorgiou et al., 

2004b, 2004c), demographics models (Schneider et al., 1998), ecological systems 

modelling (Hobbs et al. 2002), Özesmi (1999a,b). 

 

Özesmi and Özesmi (2004) identified 4 cases where FCM is especially suitable: 

 Cases where is hard to quantify human behaviour. 

 Cases where hard scientific data is incomplete or entirely missing, but where 

local, indigenous and traditional knowledge is available. 

 For very complex questions where many different positions are included but 

where no simple or correct answers are available.  

 Cases where public opinion is desired. FCMs also improve the flow of 

information between the participants. 

 

Strictly speaking, a FCM is a figure composed of nodes and edges, the former 

introducing the qualitative concepts of the analysis while the latter are indicating the 

various causal relationships. Each concept node possesses a numeric state, which 

denotes the qualitative measure of its presence in the conceptual domain. Thus, a 

positive numeric value indicates that the concept is strongly present in the analysis, 
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while a negative or zero value indicates that the concept is not currently active or 

relevant to the conceptual domain. A FCM works in discrete steps. When a strong 

positive correlation exists between the current state of a concept and that of another 

concept in a preceding period, we say that the former positively influences the latter 

indicating this by a positively weighted arrow directed from the cause to the effect 

concept. By contrast, when a strong negative correlation exists, it reveals the 

existence of a negative causal relationship indicated by an arrow charged with a 

negative weight. Two conceptual nodes without a direct link are, obviously, 

independent. 

 

FCMs are capable of participative process, mapping, analysis, modelling and 

scenarios in terms of significant events or factors, named concepts and their cause-

effect relationships.  

Figure 9illustratesan example of CM for Public Health within a city, where the 7 

concepts were identified by experts. These concepts were represented by nodes and 

the causal relationships between the concepts were represented by arcs pointing 

from the cause concept to the effect concepts.Between two nodes/concepts, for 

example C2 and C1(C2 C1where C2 is the cause concept and C1 is effect concept), 

there are causal relationships (Figure 9).The causal relationships between the 

concepts can be: 

 positive (+) 

 negative (-) 

 none (0) 
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Each method has both strong and weak points. For example the documentary coding 

method relies exclusively from the quality and the degree of validity of the under 

study material. From the other side, the questionnaire method is extremely time 

consuming and demands numerous visits with the domain experts. 

Therefore within the context of FUPOL we decided to follow the example of Ford and 

Hegarty (1984) and combine both aforementioned methods. This will result in 

selecting the concepts of the Fuzzy Cognitive Map by conducting literature review 

and by studying relevant domain related material (using Documentary Coding 

method), and then we shall ask the domain experts to examine the concepts and to 

identify the causal relationships that exist along with their weight (using 

Questionnaire method). 

 

3.1.1.2 Modelling methodology for FCM 

Approaches of applying FCM for Housing and Land Use domains consists of following 

steps: 

a) Description of Fuzzy Cognitive Maps  

b) Selection of Factors and Causal Relations 

c) Coding the cognitive maps into adjacency matrices 

d) Designing the Fuzzy Cognitive Maps  

e) Simulating scenarios 

 

a) Description of Fuzzy Cognitive Maps 

FCMs are signed digraphs with feedback. They are capable of modelling scenarios 

described in terms of significant events (or concepts) in the scenario and their cause-

effect relationships. FCM nodes represent concepts and edges represent causal links 

among the concepts. 

One of the most useful aspects of the FCM is its potential for use in decision support 

as a prediction tool. Given an initial state of a system, represented by a set of values 

of its constituent concepts, a FCM can simulate its evolution over time to predict its 

future behaviour. For example, it may infer that the system would converge to a 
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point where a certain state of balance would exist, and no further changes would 

take place.  

 

Thus, FCM need the definition of the following components: 

 Nodes: to represent concepts Ci, i = 1, . . . , N, where N is the total number of 

concepts. Each concept/node indicates a characteristic or key factor of the 

system such as events, actions, and states. Each concept/node it is 

characterized by a value, Ai∈ [0, 1], i = 1, . . . , N. The concepts/nodes are 

interconnected through weighted arcs, which significance the relations among 

them. 

 Edges/arcs: to represent causal relationships among the concepts.  

 Weights: to represent how much one node influences another. The weight Wij 

is analogous to the strength of the causal relationships between two concepts 

CiandCj. The positive sign of Wij indicates a direct relation between the two 

concepts that means a positive causality, the negative sign of Wij indicates a 

relation between the two concepts that expresses negative causality, and 

Wij=0 expresses no relation. Human knowledge and experience on the system 

determines the type and number of nodes, as well as the initial weights of the 

FCM. 

 Activation events at different moment t. The stimulated events can bring 

changes to certain concepts, edges or even the overall of FCM. Based on 

experience and knowledge of the system under consideration, the responsible 

person with design of the cognitive map decides the important 

factors/concepts that affect a system and then draws causal relationships 

among them indicating the directions of the causal relationships with 

arrowheads, and the relative strength of the relationships with a number 

between −1 and 1. More simulations can be done in order to see how the 

model changes with changing strengths of relationships. 
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Thus, FCMs integrate the cognitive maps of accumulated experience and knowledge 

concerning the factors/concepts and the underlying causal relationships between 

factors of the modelled system.  

 

b) Selection of Factors and Causal Relations 

FCMs can be obtained as follows:  

 from questionnaires 

 by extraction from written texts  

 by drawing them from data that shows causal relationships 

 through interviews with people who draw them directly 

 

The person(s) making the cognitive map looks for cause “concepts/factors”, 

“relationships between concepts/factors” and “effect concepts/factors”. Each 

concepts/factors that has numerical measurements (data) available is represented by 

a numerical vector, where each vector element represents one measurement. The 

numerical vectors are transferred into fuzzy sets and each vector element is 

represented by a membership grade. Then the relationship between the 

concepts/factors is determined by examining the data. Finally, the correlations 

among concepts/factors are determined, assuming that these correlations represent 

causal relationships.  

 

When the FCMs are obtained from questionnaires, the people who answer questions 

can be divided into several groups, according to the objectives. Usually the groups 

can be: local people, focused group, stakeholders and the representatives of 

governmental/non-governmental organizations. 

The questionnaires are developed by experts and these contain some questions that 

guide the interviewees to answer to the questions in order to identify the main 

concepts/factors and causal relationships between them. 

For example, the following questions could be addressed to the interviewees:  

 What are the characteristics that make this area unique/special?  

 What are the most important things in your area?  
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 This area has changed in the last years, how did that affect the uniqueness of 

the area and what were the causes of change? 

 What does the interviewee perceive as important concepts in this area, and 

how is this being influenced by other concepts? 

 When you experience this place: 

o What is important for you? 

o What do you appreciate? 

o What do you not like? 

 What: 

o Affects X 

o Causes X to have the value you describe? 

 Which factors (natural changes, human activities etc.) can change this 

system? 

 What 

o Do you believe can change this picture? 

o Has changed since you started coming here? (natural changes/ 

changes caused by humans) 

 What if: 

o More people are coming? 

o More noisy people are coming? 

o There are decided limitations to the management? 

o There are decided limitations to the traffic? 

 How do these concepts affect each other (positively, negatively, feed-back 

mechanisms)? 

 What happens with concept “X” when concept “Y” becomes larger/smaller? 

 What happens then with concept “Z”? 

 How strong are these effects (small, medium, large)?  

 How large a positive effect/negative effect does concept “X” have on concept 

“Y” (small/medium/large)? 
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Thus, the degree of causality among the concepts/factors is subjective given by 

words meaning qualitatively described by linguistic weights. Table 2 illustrates the 

relations between linguistic weightsandfuzzy weights. 

 

Table 2: Question degrees and linguistic weights 

 
Linguistic weights 
Question degrees 

Fuzzy 
weights 

How 
many? 

How 
often? 

How 
level? 

How 
much? 

How 
big? How strong?

1.00 all always highest most biggest strongest 

0.80 much 
more very often very high Very much very big very strong 

0.70 more often high more big strong 

0.60 moderate usually medium much medium moderately 
strong 

0.50 some some 
times low little small weak 

0.40 fewer a few 
times very low less very 

small very weak 

0.20 a few rare lowest least smallest weakest 

0.00 none none none none none lack 
 

 

The Table 2presents some linguistic grading scales and corresponding questions 

about degrees of comparison for measuring the strength of the relationships 

between concepts/factors or otherwise the intensities of the effect related to a 

cause. 

The linguistic variables are combined, and the aggregated linguistic variable is 

transformed to a single linguistic weight, through the SUM technique (Lin and Lee, 

1996).  

 

After the interviews, the Fuzzy Cognitive Maps are transformed into matrices in the 

form (Wij)ij (Khan and Quaddus 2004). Thus, the causal relationships between 

concepts/factors described by linguistic weights are transformed into fuzzy numbers, 

which are translated into the weights of the adjacency matrix.  
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In conclusion, in the adjacency matrix are codified values between −1 and 1, when a 

connection exists between two concepts, which mean: 

- positive values (between (0,1]) representing positive causal relationship 

- negative values (between [-1,0)) representing negative causal relationship 

- 0 value meaning no relationship 

 

d) Designing the FCM 

In order to develop a proper FCM the next sub-steps may be followed: 

 

 Augmenting individual cognitive maps and adding them together to 

form the collective cognitive maps 

Based on cognitive maps drawn by each interviewee the collective cognitive map 

can be developed. In this sub-step each expert of a group together with the 

interviewees analyse the individual maps and develop a single collective map 

corresponding to each group.  

 

 Augmenting collective cognitive maps and adding them together to 

form the social cognitive map 

In this sub-step the experts of each group analyse together the collective maps 

corresponding to each group and develop a single social cognitive map 

corresponding to the analysed domain. 

 

 Analysing the structure of a FCM 

The contribution of a concept/factor in a cognitive map can be understood by 

calculating its centrality that shows how connected the concept/factor is to other 

concepts/factors and what the cumulative strength of these connections is. 

Analysing the structure of individual and social cognitive maps can be made by using 

the graph indices: 

- density/clustering coefficient 

- hierarchy index (MacDonald, 1983) 
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The density (clustering coefficient) of a FCM (Hage and Harary, 1983), named “D” is 

an index of connectivity, which shows how connected or sparse the maps are and “D” 

is done by formula:  

 D = C/N(N − 1) 

or 

 D = C/N2when concepts/factors have a causal effect on themselves (in     

concept/factor is a loop). 

 Where, 

 C - is number of connections/relationships between concepts/factors 

 N – is number of concepts/factors 

If the density of a map is high, then the interviewee sees a large number of causal 

relationships among the variables. Also, using this index the stakeholders can be 

compared to see which groups have more relationships among concepts/factors. If 

some groups perceive more relationships, they will have more options available to 

change things. Thus, these groups may be a catalyst for change. In addition, 

oftentimes experts (government officials, scientists) will belittle the knowledge of 

other stakeholders. However, by examining the density can be seen that other 

stakeholder groups perceive as many or more relationships among concepts/factors. 

The hierarchy index, named “h” is another structural measure of a FCM and it is 

done by the formula (Vasantha Kandasamy W. B., Smarandache F., 2003): 

 

Where, 

- N is the total number of concepts/variables 

- od(vi) is the out-degree which represents the row sum of absolute 

values of a concept in the adjacency matrix and it shows the 

cumulative strengths of relationships exiting the concept 
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There is also in-degree, named id(vi), that represents the column sum of absolute 

values of a concept/factor and it shows the cumulative strengths of concepts 

entering the concept. 

Regarding the value of “h” we can have the following cases: 

- when h is equal to 1, then the map is fully hierarchical 

- when h is equal to 0, the system is fully democratic 

Stakeholders with more democratic maps are more likely to perceive that the system 

can be changed, and thus these stakeholders can be a starting point for achieving 

management objectives. 

 

 Analysing the differences and similarities of the concepts/factors 

among stakeholder groups 

We can compare cognitive maps of individuals or stakeholders by making pair-wise 

comparisons based on which factors the maps include and we can use Phi or Yule Q 

coefficients to determine which individuals or groups of stakeholders are most similar. 

 

 Obtaining the outcomes of cognitive maps using neural network 

computation 

A new value of any concept is calculated based on the current values of all the 

concepts/factors which influence it through causal relationships. This computation of 

a node’s output is based on the combination of a summing operation followed by the 

use of a non-linear transformation function such as threshold function, as shown in 

Figure 12. 

 

 



 

89 

 

 

Figure 12: Activation of a node’s output 

 

The above summing operation illustrated inFigure 12named “the activation of the 

concept node” multiplies each input causal influence Ci arriving from another concept 

node, with the weight or strength, Wij. 

To receive information on the dynamic behaviour of a FCM we have to calculate the 

influence one factor has on others over a number of iterations (the feedbacks 

between the concepts). 

 

The computation of the Cj node’s output is given by formula: 

 

Where, 

- k is the iteration counter 

- f is the activation function 

 Wij is the weight of the arc connecting concept Ci to concept Cj 

Typically, the activation function is the logistic function (Figure 13), that transforms 

the results into (0,1) range, and it is done by the formula: 
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Figure 13: The logistic function 

 

After a number of iterations FCM may arrive in one of the following cases:  

- it may converge to a stabile state 

- it may implode (all factor values converge to zero)  

- it may explode (all factor values increase/decrease continuously) 

- it may show a cyclic stabilization. 

 

e) Simulating scenarios  

Through policy option simulations, it is possible to determine for example which 

policies and combination of policies would increase the welfare of the people the 

most, according to their own perceptions.  

In the scenario analyses, FCMs indicate the direction in which the system will move 

given certain changes in the driving concepts/factors and also they give an idea of 

the magnitude of system fluctuations after a disturbance. The sensitivity analysis 

shows how robust each of the outcomes is and is therefore useful in interpretation. 

Using FCMs in the scenario analysis is powerful because local people and other 

stakeholders could understand what the meaning of each scenario is and could relate 

it to the outputs that are generated by the FCMs.  

 



 

91 

In conclusion, modelling methodology for FCMs shows that FCMs also have 

weaknesses as tools for livelihood analysis. Simulation output of FCMs shows values 

only in relative terms. Because it is not a dynamic modelling tool, FCMs do not give 

insight on how long it takes the system to self-organize after disturbance, for 

example, when cattle die in a farm household, how long it takes the affected 

household to return to a normal way of life? 

These two limitations, i.e., being non-quantitative and non-dynamic, mean that FCMs 

can be used as an initial methodology to obtain insight into the behaviour of the 

system and to indicate the equilibrium states of the system. It can be followed by 

more in-depth methods such as simulation modelling, with their associated data 

demands, if decision makers want to have quantitative predictions of system 

behaviour over time. 

3.1.1.3 Methods for FCM analysis 

The analysis of the developed FCMs can be done in two ways: 

a. in a static manner by using the FCMs metrics 

b. in a dynamic manner by creating scenarios  

 

a. FCM analysis using metrics 

When the maps were created by many interviewees or many groups and we want to 

compare these maps, it is need to investigate how often a concept/factor is 

mentioned, and also to know if many interviewees have mentioned the same concept. 

This analysis can be done by using the following metrics: 

- density index 

- hierarchy index 

- complexity index 

- centrality index 

The density index refers to the number of concepts/factors and relationships 

between them in the maps, showing the connectivity degree of the concepts/factors 

in the maps. 

When density index is high there are many causal relationships in the maps. 
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The hierarchy index is related to the total number of concepts/factors in the map, 

showing how the concepts/factors influence each other, in other words this index 

expresses how adaptable a policy domain is to changes. The value of this index is 

between [0,1]. When the index value is low (near 0), a policy domain is more 

adaptable to changes and when the index value is higher (near 1) the policy domain 

is less adaptable to changes. 

The complexity index is the ratio between the receiver (input) concepts/factors  and 

the transmitter (output) concepts/factors in the map. The receiver is affected by 

concepts/ factors which have causality relationships directed to it and contains only 

in degree values, showing the cumulative strengths of relationships existing into the 

concept. The transmitter affects only the concepts/factors to which has the causality 

relationship and it contains only out degree values. When complexity index is large it 

means that are many usable outcomes and less controlling forcing functions. 

The centrality index is the sum of the in degree and the out degree and it expresses 

how important role has a given concept/factor in the policy domain. 

 

b. FCM analysis by creating scenarios 

The scenarios may be created by using a FCM software, where we can set some 

concepts/factors in the map to certain values and beginning from the steady state 

the software calculates the values for these concepts/factors and creates a scenario. 

In the created scenario can be identified the most important concepts/factors with 

changed values and these concepts/factors can be investigated by the stakeholders. 
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3.1.2 Coloured Petri Nets 

The formalism allows specifying without ambiguities the main attributes or factors 

that are responsible of unchaining an activity in a dynamic system. The formalism 

allows modelling not only the dynamic behaviour of systems but also the information 

flow, which is an important characteristic and very useful in social systems modelling. 

The formal definition is as follows.  

A Coloured Petri Net can be defined as the tuple (Jensen1997): 

               ( , , , , , , , , )CPN P T A N C G E I   

Where 

 ∑ = { C1, C2, … , Cnc} represent the finite and not-empty set of colours. 

They allow the attribute specification of each modelled entity. 

 P  = { P1, P2, … , Pnp} represent the finite set of place nodes. 

 T =  { T1, T2, … , Tnt} represent the set of transition nodes such that P  T 

=  which normally are associated to activities in the real system. 

 A =  { A1, A2, … , Ana} represent the directed arc set, which relate transition 

and place nodes such as A P T  TP 

 N = It is the node function  N(Ai), which is associated to the input and output 

arcs. If one is a place node then the other must be a transition node and vice 

versa. 

 C = is the colour set functions, C(Pi), which specify for the combination of 

colours for each place node such as C: P ∑. 

( )i jC P C ,i jP P C   

 G = Guard function, it is associated to transition nodes, G(Ti),G: TEXPR. It 

is normally used to inhibit the event associated with the transition upon the 

attribute values of the processed entities. If the processed entities satisfy the 

arc expression but not the guard, the transition will not be enabled. 
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 E = These are the arc expressions E(Ai) such as E: AEXPR. For the input 

arcs they specify the quantity and type of entities that can be selected among 

the ones present in the place node in order to enable the transition. When it is 

dealing with an output place, they specify the values of the output tokens for 

the state generated when transition fires. 

 I = Initialization function I(Pi), it allows the value specification for the initial 

entities in the place nodes at the beginning of the simulation. It is the initial 

state for a particular scenario. 

 EXPR denotes logic expressions provided by any inscription language (logic, 

functional, etc.) 

 The state of every CPN model is also called the marking which is composed by 

the expressions associated to each place p and they must be closed 

expressions i.e. they cannot have any free variables. 

The formalism can be graphically represented by a bipartite graph where the place 

nodes are represented by circles and the transition nodes by rectangles or solid lines.  
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Figure 14illustrates the definition of the TCPN. 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: CPN model 

 

The circles of the figure represent the locations where entities can be located. The 

lines named T1 and T2 are transition nodes which represent activities of the real 

system.  

 

In this example both transitions have additional restrictions to the ones stated in the 

arc expressions (1‘(3,Y,X,W)); the values of the colours in transition T1 must 

satisfy the logic condition that the value of variable W is 3 units greater than the one 

(X: W=X+3) while the values of the W variable in T2 must be 2 units greater than 

the value of X.  

The expression 1’(3,4,1,3)+2’(2,2,4,6)+7’(2,4,5,8) means that initially the place P1 

has 10 entities whose characteristics vary accordingly to the colour values stated in 

the expressions. The number at the beginning of each sum element e.g. the 1 in 

P1

1’(3,Y,X,W) 1’(3,Y,X,W)

[W=X+3] [W=X+2]

P2

1’(3,Y)1’(3,Y)

T1 T2

1’(3,4,1,3)+2’(2,2,4,6)+7’(2,4,5,8)
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1’(3,4,1,3) represents that there is only one entity with the attributes represented 

by the combination of colours 3,4,1,3.  

 

3.1.2.1 Dynamic behaviour of the CPN 

The transitions in the CPN models play the role of activities, actions, decisions or 

whatever is modelled and caused by the satisfaction of several restrictions imposed 

by the colours, arc expressions and guards. In the case of manufacturing systems it 

is a common practice to associate transitions to activities of the system, in the case 

of social systems the set of conditions or restrictions that cause a particular 

behaviour or decision are modelled with the use of colours, arc expressions and 

guards. In order to enable a transition (i.e. the activity, decision or change can 

occur) it is necessary to satisfy all of the following conditions: 

 the number of tokens in the input place nodes are greater than or equal to the 

arc weight. 

 There must be at least one combination of tokens within the input place nodes 

whose colours have the particular values stated in the arc inscriptions. If there 

are free variables the variables take the value from the correspondent token 

colour. 

• The Boolean expressions stated in the Guards (generally related to the token 

variables) must also be satisfied. 

Once the restrictions have been satisfied it is said that the transition is enabled and 

the modelled activity can occur. In such a case the following actions are performed 

in the input and output place nodes: 

 The tokens that enable the transition are consumed (destroyed) from the 

original input place nodes 

 New tokens are created in the correspondent output place nodes based on the 

values of the variables, arc expressions attached to the output arcs and the 
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weights of the arcs (there must be created as many tokens as the weight of 

the output arcs). 

The new configuration obtained after the execution of a transition represents a new 

state (configuration) of the original system. In the case of agents that participate in 

social systems models the transition would represent actions performed by the 

correspondent agents. The following figure illustrates graphically the different 

components of the CPN formalism. 

 

 

 

 

 

 

 

 

Figure 15: The formal definition of CPN 

 

A CPN model consists of a finite set of place nodes P, a finite set of transition nodes 

T and a finite set of directed arcs A. For the example given in Figure 15, P, T and A 

are defined as follows: 

P= {P1, P2, P3} 

T= {T1, T2, T3} 

A={(P1,T1), (P1,T2),(T1,P2),(T2,P2),(P2,T3),(T3,P3)} 

 

The colour sets   which are used in the example of Figure 15are declared in the 

following table: 

P1

P2

P3

T1 T2

T3

1’(3,Y,X,W) 1’(3,Y,X,W)

[W=X+3] [W=X+2]

1’(3,Y) 1’(4,Y)

1’(J,K)

1’(J,K+2)
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Table 3: Colour set definition 

 

Colour Sets 

NO 
NO= {3,4} 

 

VALUE 
VALUE=integer 

 

 NOVALUE 
Product NOVALUE 

 

INFORMATION 
Product NOVALUEVALUEVALUE 

 

 

 

The set of free variables V are the ones that take values over the correspondent 

colour set where they participate, in the case of the example of Figure 15 the 

variables used are defined as follows: 

 

Table 4:The variables set 

Variables 

X,Y,W,K : VALUE

 

J: NO

 

The function C: P ∑ assigns to each place p a colour set belonging to the set of 

types . For the aforementioned example it is defined as: 

 

 

 

 

The guard function assigns to each transition ta guard G(t) which is an expression 

whose evaluation is required to be a Boolean expression i.e. Type[G(t)] = BOOLEAN. 

The set of variables that appear in the guard expression is required to form a subset 

of V. The guard function for example of Figure 15 is defined as: 

 

1

2 3

Information P
( )

NO Value {P , P }

if p
C p

if p
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The arc expression function E(a) assigns to each arc a an arc expression  E(a). In 

this case the variables that participate in the expressions are required to be a subset 

of V. For the Figure 15 the arc function is defined as follows: 

 

 

 

 

 

 

The initialization function I(p) assigns to each place p an initialization expression 

which is required to evaluate over the colour set of the place p. One initialization 

function for the example in Figure 15 (not depicted in the figure) could be: 

 

 

 

 

The advantage of using a modelling formalism such as the CPN is that all the 

behaviour is determined without ambiguities thus allowing a better understanding of 

the emergent behaviour when the agents interact. The formalism allows also adding 

particular characteristics to the agents that cannot be taken into account with other 

approaches such as the CA or regression analysis e.g. affinities among agents that 

are not located in surrounding cells. With the use of the CPN formalism it is expected 

to represent in a more adequate and transparent way the behaviour, and the cause 

and effect relationships that ultimately define the emergent behaviour in the social 

dynamic systems.  

1

2

W=X+3

( ) W=X+2

if t T

G t if t T

TRUE otherwise


 



1 1 1 2

1 2

1 2

2 3

3 3

1'(3,Y,X,W) {(P ,T ),(P ,T )}

1'(3,Y) (T ,P )

( ) 1'(4,Y) (T ,P )

1'(J,K) (P ,T )

1'(J,K+2) (T ,P )

if a

if a

E a if a

if a

if a


  
 



I(p)=
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 As it has been mentioned the formalism allows to a graphical representation but it is 

important to remark that the graphical representation has its counterpart 

represented by the semantic rules illustrated with the previous example. 

 

3.2 MAS Framework for FUPOL 

In order to implement the CPN models to test the agent behaviour in a policy domain 

it is necessary to use a platform that has the capability for managing the typical MAS 

activities such as sensing, interacting or evaluating in an efficient way. It also must 

be flexible enough to allow the implementation of the restrictions and procedures 

associated to the CPN semantic rules in such a way that the coding can be 

implemented in a straightforward way and the sentences associated to the program 

must be structured enough to fit the characteristics of the CPN semantics. A 

documentary review has been performed for selecting the proper framework that is 

flexible enough to test at reduced scale the causal modelling objectives pursued in 

FUPOL. 

3.2.1 Review of available software 

There are a couple of reviews regarding MAS frameworks (Allan 2010, Railsback et al. 

2005) in which the authors discuss the main advantages of the different available 

software programs. The results of the discussion are summarized in the following 

paragraph. 

 

Most of the commonly used MAS platforms follow the “framework and library” 

paradigm, providing a framework—a set of standard concepts for designing and 

describing MAS—along with a library of software implementing the framework and 

providing simulation tools. The first of these was SWARM (Minar et al. 1996) 

(www.swarm.org), the libraries of which were written in Objective-C. Java SWARM 

(www.swarm.org) is a set of simple Java classes that allow use of SWARM’s 

Objective-C library from Java.  

 

Another framework called REPAST (http://repast.sourceforge.net) was started as a 

Java implementation of SWARM but has diverged significantly from SWARM. Most 
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recently, MASON (Luke at al. 2005)(http://cs.gmu.edu/~eclab/projects/mason/) has 

been developed as a new Java platform. 

 

These platforms have succeeded to a large extent because they provide standardized 

software designs and tools without limiting the kind or complexity of models they can 

implement, but they also have well-known limitations. A recent review of Java 

SWARM and REPAST (along with two less-used platforms) ranked them numerically 

according to well-defined criteria (Tobias and Hofmann 2004). Criteria were 

evaluated from documentation and other information about each platform. The 

review indicated that important weaknesses include difficulty of use; insufficient tools 

for building models, especially tools for representing space (a very important 

characteristic for the objectives of FUPOL domains); insufficient tools for executing 

and observing simulation experiments; and a lack of tools for documenting and 

communicating software. 

 

 

SWARM was designed as a general language and toolbox for MAS, intended for 

widespread use across scientific domains. SWARM’s developers started by laying out 

a general conceptual approach to agent-based simulation software. Key to Swarm is 

the concept that the software must both implement a model and, separately, provide 

a virtual laboratory for observing and conducting experiments on the model. Another 

key concept is designing a model as a hierarchy of “swarms”, a swarm being a group 

of objects and a schedule of actions that the objects execute. One swarm can 

contain lower-level swarms whose schedules are integrated into the higher-level 

swarms; simple models have a lower-level “model swarm” within an “observer swarm” 

that attaches observer tools to the model. The software design philosophy appears 

to have been to include software that implements Swarm’s modelling concepts along 

with general tools likely to be useful for many models, but not to include tools 

specific to any particular domain. Swarm uses its own data structures and memory 

management to represent model objects; one consequence is that Swarm fully 

implements the concept of “probes”: tools that allow users to monitor and control 
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any simulation object, no matter how protected it is, from the graphical interface or 

within the code. 

 

Java SWARM was designed to provide, with as little change as possible, access to 

Swarm’s Objective-C library from Java. Java SWARM was motivated by a strong 

demand among SWARM users for the ability to write models in Java, not by the 

objective of providing SWARM’s capabilities as cleanly and efficiently as possible in 

Java. Java Swarm therefore simply allows Java to pass messages to the Objective-C 

library, with work-arounds to accommodate Java’s strong typing. 

 

REPAST development appears to have been driven by several objectives. The initial 

objective was to implement SWARM, or equivalent functionality, in Java. However, 

REPAST did not adopt all of Swarm’s design philosophy and does not implement 

swarms. 

 

REPAST was also clearly intended to support one domain—social science—in 

particular and includes tools specific to that domain. The additional objective of 

making it easier for inexperienced users to build models has been approached in 

several ways by the REPAST project. These approaches include a built-in simple 

model, and interfaces through which menus and Python code can be used to begin 

model construction. 

 

MASON was designed as a smaller and faster alternative to REPAST, with a clear 

focus on computationally demanding models with many agents executed over much 

iteration. Design appears to have been driven largely by the objectives of maximizing 

execution speed and assuring complete reproducibility across hardware. The abilities 

to detach and re-attach graphical interfaces and to stop a simulation and move it 

among computers are considered a priority for long simulations. MASON’s developers 

appear intent on including only general, not domain-specific, tools. MASON is the 

least mature of these platforms, with basic capabilities such as graphing and random 

number distributions still being added. 
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On the other hand, the Logo family of platforms has followed quite a different 

evolution. Their primary purpose has been to provide a high-level platform that 

allows students down to the elementary level to build and learn from simple MAS. 

However, NetLogo (http://ccl.northwestern.edu/netlogo/) now contains many 

sophisticated capabilities (behaviours, agent lists, graphical interfaces, etc.) and is 

quite likely the most widely used platform for MAS. NetLogo includes its own 

programming language that is simpler to use than Java or Objective-C, an animation 

display automatically linked to the program, and optional graphical controls and 

charts. A number of serious scientific models have been implemented in Logo 

platforms so far. Although NetLogo is shareware (free of use), it does not distribute 

its source code, but the developers document in an extensive way the methods 

developed for the NetLogo API’s so that the users are able to understand exactly 

how its methods work. 

 

NetLogo clearly reflects its heritage as an educational tool, as its primary design 

objective is clearly easiness of use. Its programming language includes many high-

level structures and primitives that greatly reduce programming effort, and extensive 

documentation is provided. The language contains many but not all the control and 

structuring capabilities of a standard programming language. Furthermore, NetLogo 

was clearly designed with a specific type of model in mind: mobile agents acting 

concurrently on a grid space with behaviour dominated by local interactions over 

short times. While models of this type are easiest to implement in NetLogo, the 

platform is by no means limited to them. NetLogo is by far the most professional 

platform in its appearance and documentation. There have been conducted several 

tests with benchmark examples (Railsback et al. 2005) in order to test the 

capabilities of the platforms taking into account attributes of the platforms such as 

mobility and agent representation, location cells (typically needed for domains such 

as housing, segregation or land use) which refers to the easiness of implementing 

habitat cells in the grid space; probes (this is particular useful for verification and 

validation of simulation models); parameter control which refers to the easiness to 

vary parameters of the model in order to test different scenarios of the model. Not 

only these parameters were evaluated but also graphical interface, optimal 
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movement and tracking, which refers to the ease of evaluating cells that are within a 

specified distance in a grid space; mortality and reproduction; this characteristic 

refers to the easiness to manage the addition and destruction of agents (in this case 

NetLogo results very efficient). On the other hand the easiness to implement 

stochastic distributions were also evaluated and taken into account for selecting the 

program. The final two characteristics that were taken into account for selecting 

NetLogo were the support for simulation experiments and the execution speed. Table 

5 resumes the main characteristics taken into account for selecting NetLogo. 

 

Table 5: Characteristics of different MAS software programs 

 
 

Based on the different available programs analysed, the WP2 decided to use NetLogo 

as the testing-platform for the CPN-based agent model. The following characteristics  

make NetLogo suitable for the objective of the WP2: 

 Simple yet powerful programming language 

 The programming language includes many high level structures and primitives 

that reduce the programming effort 

 Freeware 

Subject of comparison 
 NetLogo MASON Repast Swarm 

Platform objectives, 
philosophies, and 

terminology 

 Educational tool
 Ease of use 
 Language includes many high-level structures 

and primitives that greatly reduce 
programming effort 

 Mobile agents acting concurrently on a grid 
space with behavior dominated by local 
interactions over short times 

 NetLogo is recomended for prototyping 
models that may later be implemented in 
lower-level platforms: starting to built a model 
in NetLogo can be a quick and thorough way 
to explore design decisions 

 Designed as a smaller and faster 
alternative to Repast 

 Focused on computationally 
demanding models with many agents 
executed over many iterations 
maximizing execution speed and 
assuring complete reproducibility 
across hardware 

 The additional objective of making it 
easier for inexperienced users to 
build models has been approached 
in several ways by the Repast 
project. 

 The approaches include a built-in 
simple model, and interfaces 
through which menus and Python 
code can be used to begin model 
construction 

 General language and toolbox for ABMs, 
intended for widespread use across scientific 
domains 

 The software must both implement a model 
and, separately, provide a virtual laboratory 
for observing and conducting experiments on 
the model 

 A model is a hierarchy of “swarms”, a swarm 
being a group of objects and a schedule of 
actions that the objects execute 

Platform comparison: 
general simulation 

issues 

 Has a high-level environment almost 
completely separates the processes of 
implementing and displaying a model 

 One of the class names usually defines 
a user interface (“UI”) class which is 
responsible for displaying the model as 
it runs  

 Overall structure seems less well-
defined: some examples use 
separate model classes, one with 
and one without graphics, while 
other examples include display 
objects within the single model class 

 Model usually consists of at least: 
1) an “observer swarm” that provides a 

graphical depiction (animation) of the 
model, graphs, control panels, and 
parameter displays;  

2) a “model swarm” that builds and 
contains the model’s agents and other 
objects, and contains their schedule;  

3) one or more collections of agents;  
4) one or more space objects representing 

the agents’ environment. 
  

Platform comparison: 
programming 

experience 
 

 All spaces are toroidal 
 Only NetLogo has a built-in class to represent 

agents; this class assumes the agents exist in 
a discrete grid space and automatically 
provides variables for agent coordinates and 
keeps track of which cell they are in 

 Has a 2-D grid class which can be used 
for toroidal or non-toroidal spaces, 
depending on which of its methods are 
used 

 Has a class specifically for a toroidal 
space 

 Does not have a toroidal space class

Parameters and 
parameter displays 

 NetLogo allows users to control parameters 
before and during a model run via graphical 
“slider” controls on its interface page 

 MASON automatically provides 
access to any model variables with 
getter and setter methods 

 In Repast, parameters to be 
displayed at startup are selected 
simply by listing them in a 
statement in the model’s “setup” 
method and by providing getter and 
setter methods for each 

 Swarm requires the user to create and 
activate a probe display object for the model 
swarm 

Histogram output 
 In NetLogo, histograms are created using 

drag-and-drop and a menu, on the interface 
page 

 MASON does not yet provide such a 
class 

 Repast and Swarm have built-in histogram classes that are relatively easy to use

Stopping the model  All platforms have a simple statement by which the model’s code can stop its own execution 
 

File output 
 NetLogo provides simple primitives for 

opening and writing to files, although their 
ability to format and control output is limited 

 MASON do not provide file writing 
tools, so a Java class for file output 
must be used 

 Swarm and Repast provide built-in classes to facilitate output of data to a file, 
and data recording actions can be scheduled 

Randomization of bug 
movement 

 NetLogo documentation does provide an 
easily-followed example of how to combine 
several primitives in a complex way to 
effectively randomize execution ofan agent 
action 

 Via scheduling methods that pseudo-
randomly shuffle the order of the 
agents each time step 

 Repast does not provide a 
scheduling method which 
randomizes the execution order of a 
collection of agents 

 Users can instead use a Repast 
class to shuffle the agent list

 Via scheduling methods that pseudo-randomly 
shuffle the order of the agents each time step 
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 Extensively used by scientific communities for research projects 

 Particularly well suited for modelling complex systems evolving over time 

 Instructions can be given to thousands of independent agents operating 

concurrently  

 Due to its agent management efficiency it allows the developer to focus on 

the modelling aspects instead of managing the interactions among agents. 

 Based on the previous characteristics the learning curve for using NetLogo is 

noticeably shorter than that from other programs such as REPAST or MASON 

 

 

3.2.2 NetLogo 

NetLogo (originally named StarLogo) is a high level platform, providing a simple yet 

powerful programming language, built-in graphical interfaces and comprehensive 

documentation. It is particularly well suited for modelling complex systems that 

evolve over time. It is aimed at deploying models over the internet. Modellers can 

give instructions to hundreds or thousands of independent agents all operating 

concurrently. This makes it possible to explore the connection between the micro-

level behaviour of individuals and the macro-level patterns that emerge from the 

interaction of many individuals (emergent dynamics). 

 

NetLogo clearly reflects its heritage from StarLogo as an educational tool, as its 

primary design objective is ease of use. Its programming language includes many 

high level structures and primitives that greatly reduce programming effort. The 

language is based on Logo, a dialect of Lisp, and contains many but not all the 

control and structuring capabilities of a standard programming language. 

 

Furthermore, NetLogo was clearly designed with a specific type of model in mind 

(mobile agents acting concurrently on a mesh with behaviour dominated by local 

interactions over short times. Whilst models of this type are easiest to implement in 

NetLogo, the platform is by no means limited to them). As another advantage, 

NetLogo has extensive documentation and tutorials. It also comes with a models 
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library, which is a large collection of pre-written simulations that can be used and 

modified.  

 

NetLogo is free and open-source software, its current version is 5.0.1 from August 

2011 (http://ccl.northwestern.edu/netlogo/). It runs as a standalone application on 

the Java virtual machine, so it works on and can be programmed across all major 

platforms (Mac, Windows, Linux, etc.).  

 

The NetLogo world is made up of agents. Agents are beings that can follow 

instructions. There are four types of agents:  

 Turtles. Turtles are agents that move around in the world.   

 Patches: The world is two dimensional and is divided up into a grid of patches. 

Each patch is a square piece of "ground" over which turtles can move.   

 Links: Links are agents that connect two turtles. Links can be directed (from 

one turtle to another turtle) or undirected (one turtle with another turtle).  

 The observer: The observer doesn't have a location - you can imagine it as 

looking out over the world of turtles, links and patches. 

 

The programming features of NetLogo include, but not limited to: approachable 

syntax, first-class function values (aka tasks, closures, etc.), double precision floating 

point math, large vocabulary of built-in language primitives, mobile agents move 

over a grid of stationary agents, logo dialect language extended to support agents, 

agents linked to make networks, graphs, and aggregates.  

 

As for the NetLogo environment and its displays, some special features apply. For 

example: 

 HubNet: participatory simulations using networked devices; 

 BehaviorSpace: an open source tool used to collect data from multiple parallel 

runs of a model; 



 

107 

 NetLogo-Mathematica link: provide modellers with an easy to use, real-time 

link between NetLogo and Mathematica; 

 System Dynamics Modeller: a type of modelling where one try to understand 

how things relate to one another; 

 NetLogo 3D for modelling 3D worlds; 

 Agent monitors for inspecting and controlling agents. 

 

Therefore, NetLogo is said to be by far the most professional platform in its 

appearance and documentation. Besides, it can be applied to areas in the natural 

and social sciences including biology and medicine, physics and chemistry, 

mathematics and computer science, and economics and social psychology.  

Based on its characteristics NetLogo is by far the most appropriate off-the-shelf 

platform to be used for the interaction of agents whose behaviour is ruled by the 

CPN semantics. Since it has the particularity that some of the primitive agents 

(patches) are located over a grid,  the combination of the cellular automata-like 

behaviour can be easily implemented, and at the same time the characteristics of the 

CPN formalism allow also to implement other causal relationships than the ones from 

the adjacent cells (e.g. based on particular relationships). In the following section the 

proposed methodology for the implementation of policy models under the FUPOL 

framework is presented.  

 

3.2.3 Translation of the CPN model specification into NetLogo environment 

In order to make a straightforward translation from the CPN formalism into the 

NetLogo environment, it is necessary to determine the appropriate way to code the 

transitions, place nodes and the firing rules within the NetLogo environment. With 

this kind of approach it is possible to combine the capabilities of the CPN formalism 

with the ability to manage the different agents that interact within the MAS program. 

In order to implement the logic inherent to the CPN models, it is necessary to code 

the semantics using the instructions available in the NetLogo environment, using not 

only some standard attributes available for the agents but also defining new ones 
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that are necessary for evaluating the correspondent restrictions.  The 

implementation will be performed making use of one transition example of the Open 

Space land-use model developed for the FUPOL project. 

 

3.2.3.1 Place nodes in NetLogo 

The agents in the NetLogo environment can have attributes which can be 

represented with the use of lists; therefore it is possible to establish a direct 

relationship (1 to 1) between the coloured tokens and the attributes of the agents. If 

the modeller make this kind of mapping then the set composed by agents (turtles, 

patches or links) with the common attributes could be representing the entities or 

tokens that belong to a particular place node.Figure illustrates the association of the 

attributes of the agents in NetLogo to the colours of the correspondent place nodes 

used in the Open Space model. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 16: Colour definition 

 

Despite the fact that different agents have their own predefined attributes, it is 

possible to perform the particular definition of attributes through the use of lists. In 

the figure, the variables written within the parenthesis represent the attributes of the 

tokens that belong to each place node, therefore for the place node Links the 

Turtles

(Age,Ec,Kids, Cultl,Mobi,Work-Z,X,Y, Policy,civilS, Dset)

Links

(Turtle-id, prox-afin)

Patches

(Turtle-id, prox-afin)

Globals

(dis, disf, dise, xp, yp, tt)
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attributes Tutle-id and Prox-afin will represent that the tokens belonging to the place 

node will use only these two attributes. In the case of Patches the situation is the 

same, the entities that belong to that place node will have two attributes; in those 

cases the attributes will be modelled with the use of lists of two elements or colours: 

turtle-id and prox-afin.  It is also possible to define global attributes (that can be 

referenced by the agents throughout the model) with the use of lists, in this case the 

global attributes can be thought as another place node which participates in all the 

transitions within the model, but the lists will have more elements than those that 

belong to the place nodes Patches or Links. In the case of the place node Turtles, 

the used lists will have 11 elements, each one for the correspondent colour or 

attribute. 

3.2.3.2 Transition Nodes 

As it has been previously mentioned, the transition nodes are modelled through the 

coding using the NetLogo code of the different restrictions that must be satisfied by 

the set of agents that participate in the evaluation. All the restrictions imposed by the 

CPN elements (arc expressions, guards, weights) are evaluated in a single procedure 

that takes into account all of them in order to determine if the selected elements 

(agents and attributes) satisfy the correspondent restrictions.Figure is an example of 

a typical transition that has been modelled in NetLogo for the FUPOL project. 

 

 

 

 

 

 

 

 

 

Figure 17: A CPN transition node for land use participation 

 

Turtles

(Id,Age,Ec,Kids, Cultl,Mobi,Work-Z,X,Y, Pol1,Pol2,Pol3,Pol4,Pol5,Pol6,Pol7,civilS, Dset)

1’(R,Age,Ec,kids, 1,Mobi,1,X,Y, 
Policy,1, 1)

[sqrt(X^2+Y^2)<disf]

Globals

(dis, disf, dise, xp, yp, tt)

If Kids>0 and Ec<20 or Ec>70 then
1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 
Pol4+20,Pol5,Pol6,Pol7,1,1)

Else

If Age>=60 then

1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 
Pol4+20,Pol5,Pol6,Pol7,1,1)

Else

If Age < 60 AND Ec = 0 then

1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 
Pol4+10,Pol5,Pol6,Pol7,1,1)

1’(dis,disf,dise,xp,yp,tt) 1’(dis,disf,dise,xp,yp,tt)
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The transition models the decision taken by the agents (turtles) in order to foster the 

transformation of a particular open space area into a green park area within their 

neighbourhood. This transition uses the sets composed by the turtles and globals in 

order to determine if the agents foster or not a particular use of the land use area 

(patch). The key attribute to be satisfied in this example is the proximity of the 

agents to the land space under study. The latter is evaluated using the global 

attribute disf which evaluates that the distance from their current location to the 

space under study (assuming that the area under study is located at the 0,0 

coordinates) is within reasonable range (sqrt(x^2+y^2) <disf). Where disf is the 

distance a normal family walks in order to get to the park (this parameter can be 

calibrated for the particular case of the pilot example). The following table explains 

the values of the colours that must be fulfilled by the agents in order to fire the 

transition: 

 

Table 6: Description of the expressions used in the model 

Colour Restriction Description 
Dset = 1 The turtles that have the identifier Dset set to 1 will participate in 

the evaluation. This value indicates that this agent is within one 

particular radius (in the example is 10)  

sqrt(x^2+y^2) <disf This guard specifies that the agent is within the acceptable walking 

distance for a common family  

If Kids>0 and Ec<20 or Ec>70 then 

1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 

Pol4+20,Pol5,Pol6,Pol7,1,1) 

 If the agent have kids and has a certain income, it will foster the 

policy related to the Park with 20 units 

If  Age>=60 then 

1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 

Pol4+20,Pol5,Pol6,Pol7,1,1) 

If the agent is older than 60 it will foster the Park development with 

20 units 

If Age < 60 AND Ec = 0 then 

1’(R,Age,Ec,kids,1,Mobi,1,X,Y, Pol1,Pol2,Pol3, 

Pol4+10,Pol5,Pol6,Pol7,1,1) 

If the agent is younger than 60 yrs but is in bankruptcy, it will 

foster wit a lower quantity the transformation to a green park. 
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3.2.3.3 NetLogo Code 

The previous transition can be coded in the Procedures window of NetLogo. The 

correspondent code is shown in Figure 18 

 

 

 

 Figure 18:Equivalent code to translate the CPN model  

 

The code is a subroutine within a more general program, but it is useful to exemplify 

the translation of the previous model into the environment.  

 

The name of the procedure is called cit-policy-2. The first line asksturtles [set dset 

0]initializes the value of the dset attribute to 0.The line ask patches with [pcolor 

= green] [ask turtles in-radius 10 [set dset 1]] verifies within the cells (patches) 

that the agents (turtles) within a certain distance will participate in the evaluation, 

therefore the dset attribute is set to 1. 

 

The previous three lines do not correspond to any expression of the CPN model 

because they are used only for initialization purposes. The following ones correspond 

to the restrictions stated in the formalism. 
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For example the lines 

 

 

 

Verify that the dset attribute has the value 1 and based on the value of the kids, 

Ecassigns the new value for the evaluated policy.  The function dist calculates the 

distance of the evaluated agent to the studied cell (sqrt(X^2+Y^2)) and assigns this 

distance to the global variable dis.  Then in the next statement the value of the dis 

variable is compared to that of the global variable disf. Finally the new value for the 

correspondent colour (item 2 policy) is updated making use of the auxiliary variable 

tt.   

 

The two remaining ASK TURTLES subroutines  

 

 

 

 

are the equivalent for the corresponding IF expressions of the output arc of the 

model; in: 
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It must be clarified that in the case of the variable Policy, it is used a list for the 

attributes PolX instead of single variables just for the purpose of code readability. 

The previous subsection illustrates how a CPN model is translated into NetLogo for 

the evaluation of several copies of agents under a MAS environment. It is important 

to mention that the translation of the restrictions within the CPN model cannot be 

performed in a direct way (1-1) because there is no a direct mapping from the 

restrictions to the code but instead all the restrictions are put together in nested 

loops that evaluate the fulfilment of the different restrictions within the transitions 

(guards, arc expressions and constant colours). 

A following section presents an Open Space model which has been implemented in 

NetLogo in order to be used as part of the module that will simulate the behaviour of 

societies under particular policies. 

 

  



 

114 

3.3 Methodology for causal modelling of urban policies 

The Methodology proposed in this work is composed of two main phases, the CPN 

model developing phase and the model codification and validation phase. The first 

phase analyses and identifies all the key relationships at high level of the policy 

process through the use of the technique known as fuzzy cognitive models. The main 

outcome of the initial phase is the identification and characterization of the main 

actors that participate in the policy under study and the CPN models based on the 

actors and causality identified through the use of FCM. The generic models in CPN 

will rule the behaviour of the different agents in a MAS framework which is 

performed in the second phase. 

 Traditionally the modelling of policy processes has been faced using approaches 

such as regression analysis, Markov chains, cellular automata among others. The 

main problem with these approaches is that they do not cope with the causes of the 

behaviour of the participants in the different domains. With the introduction of causal 

modelling (FCM and CPN) the methodology aims to go deeper into the drivers that 

cause particular behaviour in the entities that participate in a policy process. 

 

3.3.1 Phase I: CPN model developing phase 

The first phase of the methodology analyses a particular policy domain (land use, 

housing, aging, etc.). The different actors and concepts of the specific domain are 

identified through the techniques described in the FCM section. The subject matter 

experts will actively participate in order to identify the concepts, actors and 

processes that participate in a particular domain. The identification of the initial 

causality is the first step of the process. That step is of particular importance because 

the behaviour of the different entities that participate later on in the MAS 

environment will depend directly on the identified causal relationships.Figure 

illustrates the main activities of this phase. 
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Figure 19: CPN policy model developing phase 

The key steps that are performed in the first phase are described as follows. 

3.3.1.1 Analysis Process:Identification of Dependencies 

The dependencies identified with the FCM can be translated into a formal way 

through the use of the CPN formalism. This step is a very challenging one because it 

is neither an easy task nor a task that can be defined in a series of steps to be 

followed. This step depends highly on the modelling skills of the analyst, but this 

step is necessary in order to later on perform the coding of this causal behaviour in 

the correspondent agents that will interact in the MAS framework. 

 

The following outcomes will be obtained from this step: 

 Actors: The actors in the policy processes are those entities that can be 

identified within a domain. These actors can have several attributes and 

characteristics such as active, passive, dynamic, static (e.g. land in the sense 

of mobility). These actors can be later on taken as agents under the MAS 

environment, but it can also be possible to have an agent (under the MAS 

environment) that covers the characteristics of one or more identified actors. 

 Causal relationships: The cause and effect relationships are identified within 

this step in order to use them for simulating the behaviour of the system as a 

whole. Traditionally these relationships are modelled through functional 



 

116 

relations (i.e. one characteristic depends on several variables that affect the 

behaviour or value of the characteristic under study). 

 Generic CPN models which define in a formal way the causal relationships 

identified with the use of the FCM. These models will be used for rule the 

behaviour of individual agents in the second phase of the methodology and 

they will be the input for the WP4. 

 

The developed CPN models will be generic and the correspondent parameters will be 

calibrated depending on the region, city or community that will be modelled. At the 

end of this phase several models representing different causalities between 

participants will be available for the future implementation in particular cases. 

 

3.3.2 Phase II: Codification and Validation Phase 

The second phase deals with the implementation, validation and verification of the 

CPN models under a MAS framework. It is fair to mention that the implementation of 

the CPN into the MAS environment is itself an outcome which has scientific 

importance since traditionally the MAS framework has been coded using a more 

generic approach and not a formal way of representing the causal relationships 

present in dynamic systems. 

The steps that must be followed in order to verify, simulate and obtain usable results 

are depicted inFigure 20. 
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Figure 20: Codification and validation phase 

 

The first step in the depicted process deals with the translation from the CPN 

semantic rules into a programming language used in the correspondent MAS 

environment. This translation has been already presented in a previous subsection. 

 

The proposed process is a dynamic one because the verification and validation steps 

are refined in a progressive way changing the values or parameters of the CPN 

models depending on the performance observed in the MAS model. 
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3.3.3 Verification and Validation 

Verification and validation work together by removing barriers and objections to 

model use. After all, if a model runs perfectly well and correctly reflects the workings 

of an important real-world system, why wouldn’t someone want to use the 

model?.Verification refers to whether a model performs as the model developers and 

programmers intended the model to operate by matching a model against its 

intentional design specification. Verification is done to ensure that the model is 

programmed correctly, that the algorithms or models have been implemented 

properly, and that the model does not contain errors, oversights, orbugs. Model 

verification does not ensure that the model solves an important problem, meets a 

specified set of model requirements, or correctly reflects the workings of a real-world 

process. These latter issues are the province of model validation. 

 

Verification and validation can be a complex process, involving many steps and 

iterations. The difficulties of verification and validation and the sources required for 

these activities are often underestimated.MAS presents additional challenges to 

traditional modelling validation and verification, namely the verification and validation 

of agent behaviours, agent interaction mechanisms, and the processes and 

structures that emerge from MAS at varying scales. 

 

3.3.3.1 Verification 

Verification consists of ensuring that a model does what it is intended to do from an 

operational perspective—that the model performs the correct calculations according 

to its intended design and specification. In other words, verification ensures that the 

specificationis complete and that mistakes have not been made in implementing the 

model. According to the diagram, in the verification step of the proposed 

methodology the behaviour of the MAS implementation is compared versus available 

data or versus expert opinions in order to assess if the MAS model behaves 

accordingly to the conceptualization defined in the CPN model. If the MAS model 

works in a logical way, it is necessary to continue to a more formal verification of the 

model (validation phase). On the other hand if the model does not behave in the 
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proper way it is necessary to identify what the problem is and correct it until the 

verification step is passed. The latter is performed modifying the code and 

parameters in the MAS model or making the proper changes in the causal CPN model 

when the problem is a conceptual one. Sometimes strange behaviour of the model 

can be caused by wrong assumptions or by neglecting the influence of some 

variables which certainly influence the actual system behaviour. All of these 

misconceptions of the model are detected at the verification phase and the outcome 

from this step is a corrected version of CPN models and the correspondent 

implementation in the MAS environment. 

 

3.3.3.2 Validation 

Validation generally refers to whether a model represents and correctly reproduces 

the behaviours of a real-worldsystem. In effect, a validated model allows one to 

learn about aspects of the real world through performing“what if” computational 

experiments with the model. The standard approach is to take a selected number of 

cases from the real-world system and attempt to reproduce them using the model. 

When the developed model reproduces the real-world case, then the model is used 

to study additional cases that cannot be performed on the real-world system. This 

approach immediately leads to some important questions about model validation that 

are of particular concern for MAS: 

 If the real-world system that is being modelled does not currently exist, how 

can the model be validated? 

 If only one or a few cases exist for the real-world system (for example, a 

single historical data set), how can we know that the model will perform well 

for cases that are far away from the range of historical experience? 

 If the model is not deterministic and has random or stochastic elements, that 

is, each run of the model produces a different result due to the modelled 

random effects, how can the model be validated? 

 How can agent behaviours and interaction mechanisms be validated? 
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Not all of these questions currently have completely satisfactory answers in all cases. 

However, various techniques and approaches have been developed to gain enough 

credibility for models to be accepted by users and supportable as decision-making 

aids. 

 

In order to gain credibility for the developed MAS models several evaluations can be 

performed such as validating the model’s inputs (data), the model’s outputs, the 

processes included in the model, and for MAS in particular, agentbehaviours and 

interaction mechanisms as well as emergent structures or properties. 

 

There are several perspectives one can take in approaching model validation: 

 Requirements Validation: To be meaningful, model validation requires the 

clear definition of requirements and the questions about the real world that 

are to be answered by the model. 

 Is the model solving the right problem? Has the problem changed or shifted in 

its importance? 

 Data Validation: Have the data used in the model been validated? 

 Face Validation: When looked at in a systematic way, do the assumptions 

upon which the model is based seem plausible? Do the model results look 

right? 

 Process Validation: Do the steps in the model and the internal flows of what is 

being modelled correspond to the real-world process? 

 Model Output Validation: If the real-world system is available for study, do the 

model outputs match the outputs of the real-world system? 

 Agent Validation: Agent-based models include an additional aspect of model 

validation due to the presence of agents in the model. Agent behaviours, 

agent relationships, and agent interaction processes are all additional aspects 

of agent models that require validation. Do agent behaviours and interaction 

mechanisms correspond to agents in the real world? 

 Theory Validation: What theory is included in the model about agents or 

processes? Is the theory valid? Does the model make a valid use of the theory? 
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When there are parameters where historical data is available for validation a 

standard practice to validate the results is comparing the obtained values from the 

model against historical data and conclusions of the evaluation can be obtained 

performing statistical tests (Banks et al. 1996) such as Student’s t hypothesis test, 

mean tests, standard deviation tests or others depending on the scope of the project 

(Walpole et al.1999). It is clear that the particular requirement for the statistical 

validation is the availability of data. These data can be typically obtained from 

databases; but in the social sciences domain, some data (in particular the one that 

deals with subtleties among actors) is not registered in the databases, that is the 

reason sometimes field studies are needed in order to gather the data directly from 

the modelled sources.  

 

In the case of FUPOLmodels which contain several subjective elements of human 

decisionmakingsuch as citizen and society behaviour, perception of social conditions 

in the surroundings etc., validation becomes a matter of establishing credibility in the 

model. In effect, the task is to establish an argument that the model produces sound 

insights and sound data based on a wide range of tests and criteria that “standing” 

for comparing model results to data from the real system. The process is akin to 

developing a legal case in which a preponderance of evidence is compiled about why 

the model is a valid one for its purported use. 

 

There are three bases for comparison when it comes to validating a model: 

1. Comparison of the model results for selected cases with the real system. 

2. Comparison of the model results for selected cases with another model’s results. 

3. Comparison of the model results for selected cases to what would be expected by 

subject matter experts. 

 

Whether or not the real system is available, other models for comparison are 

available, or subject matter experts are available as a basis for comparison of model 

results, the question then becomes, for what cases the model should be tested for 

the purposes of validation. 
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In principle, all possible cases for which a model could be exercised in practice could 

be enumerated using state space analysis techniques and simulation results 

obtained. Comparable results for the real-world system will only be available for a 

limited number of cases or possibly for no cases at all. That is why under the 

proposed approach in the FUPOL project, the participation of the social actors within 

a model will become crucial for the cross validation and the eventual acceptance of 

the proposed model. As it has been discussed in the case of the FUPOL models the 

validation will be performed first with the participation of subject matter experts but 

because of the social nature there will be parameters (boundary conditions) that 

cannot be validated until the participation of the citizens and decision makers is 

performed (using the FUPOL tool). The participatory validation of models is the key 

for fostering e-participation so that the decision makers can perform their decisions 

based on a consecutive model. 

 

3.3.3.3 Model Calibration 

If real-world cases are available for the system under investigation, some of the 

cases can be used to estimate and set the values of model parameters. This is the 

process of model calibration, not to be confused with model validation. Many MAS 

models are stochastic in nature. That is, randomness is included in the model to 

characterize uncertainty in agent behaviours, parameter values, and so on. 

Randomness is characterized by assuming specific functional forms for the probability 

distributions for the uncertain parameters. A stochastic model is then run repeatedly 

with different random seeds each time, for the same basic set of inputs. The random 

seeds are varied in successive runs to discover the possible range of outcomes that 

the model is capable of producing. In the case of MAS models the randomness 

inherent to decision making of the participant agents is modelled through the 

interaction of the different modelled actors within the MAS model. 
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3.4 Land Use Generic Modelling 

In this section there will be presented a description of the generic models for Land 

Use policy domain based on FCMs and CPN. This policy domain is also described in 

detail in D2.1 and it was selected by taking into account the pilot cities’ priorities and 

requirements. In order to fulfil this aim the main land use groups in the cities and 

also the different actors that participate in land use were identified. The generic 

model for Land Use based on FCMs can be obtained by using the same methodology 

used for developing the generic model for Housing, with the specification that in this 

case the social cognitive map can be developed using the competence of the experts 

in the domain (for example, from RAU and Interfusion partners). The generic model 

developed in CPN for fostering E-participation is also presented. In order to exemplify 

the type of modelling and interactions that can be analysed with the MAS approach 

the CPN model is translated into the MAS framework. The latter model is presented 

and described using the NetLogo software. The presented model is used just as an 

example of how to implement the generic CPN models into the MAS environment. It 

is important to remark that the models developed in NetLogo are not powerful 

enough for the objectives aimed at in FUPOL, but the framework can be used to 

verify and validate the specific models that are going to be implemented in the pilot 

cities. 

3.4.1 Introduction 

The concept of land use refers to: land use, land cover, land use planning and land 

use changes.  

 

Land use is used to describe human uses of the land or immediate actions modifying 

or converting land cover. It includes the main categories such as: human 

settlements, protected areas and agriculture. These categories include more refined 

categories such as urban and rural settlements, irrigated and rain-fed fields, national 

parks and forest reserves, and transportation and other infrastructure. 

 

Land cover refers to the natural vegetative cover types that characterize a particular 

area. These are a consequence of the local climate and landforms, but they can be 
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altered by human actions. Land cover categories include forest, tundra, savannah, 

desert or steppe, and they can be sub-divided into more refined categories such as:  

oak forest, pine forest, grassland etc. 

 

Land use planning requires the analysis of a vast array of data and there are 

innovative methods, computer software applications, and resources for interpreting 

land use data and evaluating planning alternatives. 

   

Land use changes are complex spatial processes resulting from the interactions of 

socio-economic (for example, population growth), biophysical (for example, slope 

and soil quality), and geographic (for example, proximity and accessibility to 

services) factors operating at different spatial and temporal scales (Liu and Phinn, 

2003; Verburget al., 2004). Historical land use patterns together with current trends 

in a region can be used to model future land use. Results from modelling urban 

growth and land use change can be used by the public, land use planners and policy 

makers to anticipate and plan for the future. Land use change models can also 

generate alternative landscape predictions on the basis of different land use policies 

and environmental constraints. 

 

In a region there can be distinguished different land use types such as: agriculture, 

forest, water, urban, etc. 

At a urban level, the different land use types can feature: industrial, sanitation 

facilities, green areas, housing, leisure areas, etc. 

In time, land use changes are passing from one type to another.Figure 21 presents 

the relationships between land use changes. 
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Figure 21: The relationships between land use changes 

 

For describing land use changes, many computer-based models have been 

developed. Modelling land use change essentially started in the 1950s, and between 

1970s and 1980s there had been demonstrated less activity. After 1990s, as a result 

of the improvement in spatial data availability and advancements in computer 

technologies and geographic information systems (GIS) this activity has been revived 

intensely (Wegener, 1994). 

 

There are two basic types of spatially explicit land use change models (Theobald and 

Hobbs, 1998), such as: 

 regression-type models 

 spatial transition-based models 

The regression-type models of land use change are useful in exploring the various 

social, economic and spatial variables that drive change and are useful in evaluating 

the impacts of alternative policies on land use and development patterns. The 

relative contribution of different variables for predicting land use change can be 

easily attained under the regression-type model. 
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The spatial transition models are an extension of a spatial Markov technique and a 

form of stochastic cellular automata. Using cellular automata (CA) for the simulation 

of multiple land use changes is difficult, because there are numerous spatial variables 

and parameters that must be utilized. On the other hand, conventional CA models 

have problems in defining simulation parameter values, transition rules and model 

structures. Some relevant papers (Xuet al., 2008; Li and Yeh, 2002; Rochaet al., 

2007; Carpenteret al., 2001; Pijanowskiet al., 2002) show that most of the 

parameter values for CA simulation can be automatically determined by the training 

of an Artificial Neural Network (ANN). Based on the above considerations, it can be 

appreciated that the traditional approaches lack a simple way to integrate all the 

different factors that influence the land use behaviour.  

Therefore, the proposed approach based on FCM may be considered as the best 

option for modelling land use taking into account all the aspects and parameters 

important to the behaviour of the model which later on will be translated into a CPN 

model for the behaviour rule of agents. 

 

3.4.2 Land Use policy categories/themes 

An urban land-use model allows: 

- to identify the behaviour of the main factors in urban land use domain and 

causal influences/relationships between factors which play a strong role in 

order to convert the current state of the urban land-use into a new one 

- to capture patterns of urban land-use changes 

- to simulate different “What if” scenarios of urban land-use changes, as a tool 

in implementing urban planning policies. 

 

The approach based on FCM methodology for land use has a significant advantage of 

acceptability from the participants in the process. In this approach the interviews 

with stakeholders groups are based on the acquisition of opinions about their needs, 

desires, preferences, affinities and knowledge regarding land use. 
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For modelling land use it is important to take into account the land use types/areas. 

The land areas could be divided into different land use groups, as we can see in 

Table 7: 

 

Table 7: Land use classification (Kajita, 2010) 

No.   Land use group Description

1 Public Government & Public offices, Education and Welfare 

2 Residence Residence

3 Commerce Business, Commerce, Lodging and Amusement facilities

4 Industry Heavy industry, Industry and Suppliance processing facilities

5 Park Park and Golf course

6 Transportation 

facilities 

Transportation facilities and Track laying area 

7 Road Road

8 Vacant Vacant

9 Field Field, Orchard, Pasture and Agricultural facilities 

10 Unused Unused, Others

11 Forest Forest

12 River River, Water surface, Seashore and Waterway 

 

 

3.4.3 Main factors involved in the Land-Use domain 

 

Urban landscapes are coupled with human-nature systems, with many interlinkages 

between the human sphere - first and foremost demography and economy - land use 

and the environment. Compared to natural or agricultural landscapes, urban systems 

are strongly influenced by both the social and the natural dimensionFigure 

22provides a very general but comprehensive overview on the major components of 

an urban landscape: the major driving force for change is the human sphere, which 

creates pressures on the state of the land use, which again will have effects on the 

environment, its natural resources and ecosystems (Haase, 2009):  
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Figure 22: The major entities of an urban landscape: components and interactions 
(Haase, 2009, pp.8) 

 

The main components of the urban land-use system (human sphere, land use, 

natural resources)have the following characteristics: 

- The land use component itself comprehends all types of typical urban land 

uses such as public, residential, industrial, commercial, business, green, 

water, agriculture, transport infrastructure, recreation etc. 

- The human sphere characterizes the socio-economic system of cities: it 

comprises variables such as population (development), households, spatial 

planning and governance, the real estate market, commercial activities and 

infrastructure, including transportation. Specifically, the human sphere 

includes human decision making and actions upon land use. 

- The third component contains natural resources, such as: ecosystems, 

biodiversity, soil functions and water resources. 

 

Main components (human sphere, land use, natural resources) and relationships (1 – 

4,Figure 22describe human–nature interactions in urban regions, such as: 

 impact of human sphere on land use 

 feedback of land use on human sphere 
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 impact of land use on environment (including ecosystems) 

 feedback of environment on human sphere 

 

3.4.4 Guidelines and generic model 

 

The FCMs for land use can be based on the interview between the participants and 

the expert/facilitator, and in this case onecan follow the same procedures presented 

in sub-chapter 3.54 “Housing generic modelling”. Also, the cognitive maps for land 

use can be obtained directlyfrom the experts in land use domain. 

 

In the case of developing the FCMs for land use based on interviews, an interview 

guide for land use change is proposed (Table 8)and it can be adapted for pilot cities 

requirements, for example: 

- residential area expansion 

- green area conservation 

- commercial area expansion 

- etc. 

 

For each topic above, there can be identified the main factors and the causal 

relationships between them, and then the FCM for each topic can be developed using 

the FCM methodology. Also, for interviews there are proposed several groups of 

interviewees, with participants belonging to different interest domains, such as: 

Households, Enterprises, Local public authorities, Non-governmental organizations, 

Developers, Real estate agents, Land owners, Transport providers. 

 

Table 8: Interview guide for land use change 

Interview topics 

 

Interview questions 

What does the interviewee perceive as 

important concepts/factors in the land 

use change, and how is this being 

When you experience this place:  

 What is important for you?  

 What do you appreciate?  
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Interview topics 

 

Interview questions 

influenced by other concepts/factors?  

 

 What do you not like?  

 

What:  

 Affects X  

 Causes X to have the value you 

describe? 

Which concepts/factors (natural changes, 

economical activities, regional policies, 

number of population etc.) can change 

this system?  

 

What: 

 Do you believe can change this 

land use?  

 Have changed since you started 

coming here? (natural changes, 

economical activities, regional 

policies, number of population or 

changes caused by people) 

What if:  

 More people/immigrants are 

coming? 

 The population number is 

increasing? 

 The socioeconomic stability 

increases/decreases? 

 The biophysical stability 

increases/decreases? 

 The regional urban policies are 

strong or weak? 

How do these concepts/factors affect 

each other (positively, negatively or 

none, what are the feedback 

mechanisms)?  

 

What happens with concept/factorX 

when concept/factorY becomes 

larger/smaller?  

What  happens  then  with  the 

concept/factorZ?   



 

131 

Interview topics 

 

Interview questions 

How strong are these effects (small, 

medium, large)?  

 

How:  

Large positive/negative effect does 

concept/factor X have on concept/factor 

Y (small/medium/large)?  

Important  is  it  for  concept/factor  X  that 

concept/factor  Y  changes 

(small/medium/large)?   

 

 

On the other hand, the cognitive maps for Land Use can be developed using the 

expert knowledge in the domain, and then the FCM model can be developed. The 

factors of the land-use model are those concepts that are capable to produce 

changes into the destination of the land, which means actors and land-use 

destinations (Who?, What?). 

Urban land-use systems are strongly influenced by social, demographical, economic 

and environmental factors. 

In the pilot cities the main land use groups are the following: 

- Residential areas 

- Commercial areas 

- Industrial areas 

- Green areas 

- Water area 

- Unused land 

 

The relationships between the actors (Why?,Who? - Actors/stakeholders who foster 

new policies for land-use, what? - Land destination) are illustrated in Table 9. 

 

Table 9:The relation between land use groups and stakeholders 
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Land use 
groups 

 

Land  
Cover 

Stakeholders who 
foster a new policy 

for land-use 
 

Possible concerns 
regarding the 

necessity of land-use 
conversions 

 WHAT DESCRIPTION WHO WHY 
1 Residential 

area 
Residential 
habitats 
/Neighbourhoods:
 
- Buildings for 

residencies  

- Households: Existing 
residents who are 
living in the city 
/householders who 
own at least a house 
or rent it for living 
 

- Households: new 
residents and 
immigrants who ask 
permission to 
establish in the city 
 

- Developers 
 

- Enterprises  
 
- Local authorities  
- Non-governmental 

For demographical 
reasons (e.g. increase of 
households size) 
 
 
 
 
For people who are 
working in the city and 
desire to move and live 
inside the city, closer to 
their workplaces 
 
 
For profit reasons 
 
For employees benefits: 
new dwelling  
 
Social buildings for 
people with low income, 
with financial needs, 
homeless  

2 Commercial 
area 

Commercial 
services:  
- Shops 

- Showrooms 

- Exhibitions  

- Commercial 

traffic 

- Markets 

- Enterprises  
 

- Developers 
 

- Households  
 
 

- Transport providers 
 

- Landowners 

For profit reasons 
 
For profit reasons 
 
For better quality of life, 
e.g.  public areas 
accessibility  
 
For better accessibility  
 
For profit reasons 
 

3 Industrial 
area 

Industrial 
platforms: 
- Plants  
- Factories 
- Manufactories 

- Households  
 
- Developers  
- Transport providers 
- Landowners  

Local development; 
development of labour 
market, more jobs 
For profit reasons 
For better accessibility  
For profit reasons 

4 Green area Green 
ecosystems: 
- Parks 
- Forest 

- Households  
 

- Local public 

authorities 

For better quality of life, 
e.g. leisure and 
recreation activities 
For tourism 
development, ecological 
reasons, pollution 
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Land use 
groups 

 

Land  
Cover 

Stakeholders who 
foster a new policy 

for land-use 
 

Possible concerns 
regarding the 

necessity of land-use 
conversions 

- Non-governmental  

lobbyists 

decreasing 
 
 
For ecological reasons, 
pollution decreasing 

5 Water area Blue 
ecosystems:  
- Lakes  
- Rivers 
- Waterfalls 

- Households  
 

- Local public 

authorities 

- Non-governmental  
lobbyists 

For better quality of 
life, e.g.  public areas 
accessibility  
For tourism 
development, 
ecological reasons, 
pollution decreasing 
For ecological reasons, 
pollution decreasing 

6 Unused 
land 

Unused land free 
for the 
assignment of a 
destination 

- Households   

- Enterprises 

- Local public 

authorities 

- Non-governmental  

lobbyists 

- Developers 

- Real estate agents 

- Land owners 

For reasons depending 
on the destination use of 
land of each 
stakeholders 
 

 

Based on experts’ knowledge and competence in land use domain and also on some 

results published in specialized literature (papers, research projects), there have 

been identified the main factors that influence urban land use change and the causal 

relationships between these factors (Figure 23). These factors are the following:   

 Urban land use change 

 Regional urban policies 

 Socio economic stability 

 Urban population 

 Migration into the city 

 Biophysical stability 
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Figure 23: FCM for Land Use Change 

 

The adjacency matrix for FCM presented above is illustrated in Figure 24. 

 

 

 

Figure 24: The adjacency matrix associated to FCM for Land Use 

 

The FCM calculated indices for our example are presented in Figure 25. 

 



 

135 

 

 

Figure 25: The FCM calculated indices for Land Use 

 

The NetFile used for graphical representation of FCM for Land use is illustrated in 

Figure 26. 

 

Figure 26: The content of NetFile file used for graphical representation 

 

The graphical representation of FCM for land use is illustrated inFigure 27. 

 



 

136 

 

Figure 27: Graphical representation of FCM for Land Use 

 

The steady state of FCM for land use is presented inFigure 28. 

 

 

Figure 28: The steady state of FCM for Land Use 

 

As it can be seen, in the steady state each factor has the value equal with 1, and   

this steady state can be used to make predictions or different scenarios. To support 

our example two scenarios were imagined: 

a) Firstly, by increasing the Migration into the city from 0.566 to 0.70 

(Figure 29), then the Urban population has increased slowly from 0.577 

to 0.586, Regional urban policies has increased very slowly from 0.490 
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to 0.491. Also, we can see that increasing Migration into the city has 

influenced land use change (Urban land use change has increased from 

0.76 to 0.77). 

 

 

 

Figure 29: Scenario 2 obtained by increasing the Migration into the city from 0.566 to 

0.70 

 

b) Secondly, by decreasing Socioeconomic stability from 0.534 to 0.4 (Figure 

30), it can be seen that Migration into the city decreases from 0.566 to 0.549, 

Regional urban policies has increased very slowly from 0.490 to 0.496 and 

Urban land use change decreased from 0.76 to 0.749. 

 

 

 

Figure 30: Scenario 3 obtained by decreasing Socioeconomic stability  

 

Comparing the scenarios the results illustrated inFigure 31 have been obtained. 
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Figure 31: Comparing the scenarios 

 

For Scenario 2 (Figure 31), it can be seen that there are positive changes for Urban 

land use change, Regional urban policies, Urban population and negative 

changesforSocioeconomic stability andBiophysical stability. For Scenario 3 (Figure 31) 

there are positive changesfor Regional urban policies and Biophysical 

stabilityandnegative changesfor Urban land use change, Urban populationand 

Migration into the city. 

 

3.4.5 Generic CPN Land-Use Model Prototype for E-Participation 

 

As it has already been mentioned, the proposed approach can extend the benefits of 

the cellular automata approach (transition rules for the proximity cells) and pure 

multi agent systems (for modelling land dynamics) by means of the causal modelling 

that can be developed using the coloured Petri nets. 

 

The following example presents an innovative causal model whose objective is to 

validate the expected benefits of using the Coloured Petri Net formalism to support 

the e-participation simulation based approach in order to assess the integrated effect 

of a variety of planning measures on urban and regional development. The causal 

model has been developed considering the spatial dimension of land use inside urban 

areas under a vector formulation, trying to fulfil the expectations of a decision 

support system for planners that should consider the citizens modelled opinion. The 

prototype model considers socio-economic aspects but could be easily extended with 

physical environment aspects, in order to stimulate and facilitate awareness building, 

learning and discussion prior to decision making.  
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Instead of a Cellular Automata approach in which only proximity information is used 

to affect drivers changes, or a Multi Agent System approach in which land dynamics 

are mainly driven by affinity behaviours, the causal model will take the advantage of 

both approaches (proximity and affinity aspects) supporting traceability of the cause 

and effect for transparency purposes. The causal model will be extended to enable 

the exploration and design of new urban policies to evaluate its impact and citizen 

acceptability by a structured “what-if analysis” on dynamic land use changes under 

different predictions of external factors (i.e. boundary conditions). By combining 

causal citizens behaviour with city resources descriptions for the area being 

modelled, different land use change policies can be evaluated for different boundary 

conditions. Using a high level HMI, this approach thereby has its advantage for a 

flexible and interactive citizen e-participation. 

 

The core components of the Causal Model will be introduced by means of the 

following example. 

 

3.4.5.1 Open Space Land Change Problem in an Urban Area. 

The model consists of an old industry placed in a town that during the last decades 

has been surrounded by residential habitats, and due to several economic and social 

factors it has been moved to an industrial area. Different options for the land cell in 

which this industry was placed are under evaluation under a social and economic 

perspective.  

 

The main actors that should be modelled to predict the acceptability and the exit of a 

certain land change are: 

1. Set of Land use Policies: For each land entity the set of acceptable land 

changes should be described as a policy. It is important to note that the set of 

policies can be proposed by a governmental entity or by any association and 

could be extended by citizens to test the acceptability of a new idea. In this 

particular problem, a set of acceptable land changes are described in the next 

table. 
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Table 10: Land Use Policies 

Policy 1 Industry ---> green Park 
Policy 2 Industry ---> Facility : School 
Policy 3 Industry ---> Facility: Health 
Policy 4 Industry ---> Facility : Leisure area 
Policy 5 Industry ---> Facility: Intermodal 

transport 
Policy 6 Industry ---> Commercial Area 
Policy 7 Industry ---> Residence Area 
Policy 8 Industry ---> Business Area 

 

Each policy is described according to its acceptability by a certain profile of 

citizens. Thus, considering Policy 1, its acceptability could be fostered by: 

 Elderly people: Residents above 65 years old (retired people) with an 

acceptable healthy conditions (mobility) could be users of a green area 

close to their home. 

 Family residents: Parents with young kids could be users of a green 

area during week-ends or after school hours. The green area should be 

located close to their home or close to the school. It could also be 

assumed due to stress factors that only well-off families with kid 

assistant or poor families use the green area. 

 Unemployed people: Parks are frequented by people without job 

obligations.  

 Cafe owners: Cafes, pubs and lounges placed close to a small green 

area use it to increase the amount of customers.  

 

There are other aspects that can affect these rules, such as the weather 

conditions (i.e. rainy area), security conditions in the neighbourhood area, 

accessibility, amount of green areas located near the proposed area, etc. 

Some of these aspects can be modelled as boundary conditions which can be 

seen as predictions that can change on a year basis time. It is easy to note, 

that citizens in a town located on a cold, raining area, with several green 

parks, probably would not support the transformation of the industrial cell of 

the example into a green park cell.  
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The model proposed, allows an open source policy description, which a 

parameterized weight influence that can depend on the boundary conditions, 

which can also be described by end-users. 

 

2. Set of Citizens: Land changes appear because of humans needs, such as for 

example the transformation of agricultural areas in residence areas due to a 

population increase. Usually, citizens’ needs can be described as a 

combination of social, economic and environmental needs. Since urban 

policies will be described in FUPOL considering the effects in citizens´ needs 

(i.e. Citizens´ acceptability), citizens should provide all the information and 

data to predict how an urban policy would fulfil its preferences.  

 

3.4.5.2 Coloured Petri Net Model Description 

The description of the causality of the different agent decision making will be defined 

using the CPN modelling formalism. With the use of the CPN causal models, the land 

use change can take into account not only the influences by the surrounding areas 

(adjacent cells) but also by the interaction with other areas or agents that affect the 

decision of fostering one or another kind of policy. 

 

 Citizen Agents. The attributes or characteristics of the different citizen agents 

can be described by the colours of the tokens that flow through the model. 

In the next table, the attributes are presented for the following colour set 

which is used for modelling the industrial land-change: 

Cz=productAge*Ec*Kids*CultL*Mob*Work*X*Y*Z*idp1*p1V*idp2*p2V*idp3*

p3V*ta 
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Table 11: Attributes 

Colour Meaning 
Age Age of the citizen: most urban policies are highly dependent of 

the population age of citizens that will be affected. Age diversity 
usually is a problem when trying to devise the benefits ofa 
certain urban policy 

Ec Economical incomes rate: It takes a value between 0% to 
100%. 0% means unemployed without subsistence. 100% 
means a well standing economical position. This information is 
highly relevant to simulate the economic impact of urban olicies. 

Kids Amount of kids bellow 18 years olds: this information is 
important to evaluate the social impact of urban policies. 

CultL Cultural level: A value between 1 (no studies) until 5 ( PhD 
level). This information is useful not only to evaluate the impact 
of a policy, but also to describe how the affinities can affect or 
can be influenced by their neighbourhood ´s opinions. 

Mob Mobility: Describes the preferences of the urban population to 
access places (working, leisure, shopping, etc.). It is 
parameterized using 5 values: 1 – Car, 2 – Public urban 
transport (bus/subway),  3 – Public regional transport 
(train/buses), 4.- alternative transport means (cycle / by food) 

Work Work place: A discrete value indicating the amount of zones to 
travel to reach the working company. In this example binary 
information is used indicating if the work place is in the area of 
the study. 

X Vector information (x coordinate with respect to a reference 
coordinate) which is used to evaluate the impact of a landing 
change in citizens living close or far away of the land cell. 

Y Vector information (y coordinate with respect to a reference 
coordinate) which is used to evaluate the impact of a landing 
change in citizens living close or far away of the land cell. 

Z Vector information (not used in this example) which can be 
used to evaluate the impact of a landing change in citizens 
living close or far away of the land cell. 

Idp1 A citizen should have certain preferences towards certain land 
changes fostered by some policies. This colour is used to 
identify a policy for which the citizen could feel a certain degree 
of acceptability. 

P1v A value between 0% and 100%describesthe rate of 
acceptability of policy identified by colour Idp1. 

Idp2 A citizen should have certain preferences towards certain land 
changes fostered by some policies. This colour is used to 
identify a policy for which the citizen could feel a certain degree 
of acceptability. 

P2v A value between 0% and 100% describes the rate of 
acceptability of policy identified by colour Idp2. 

Idp3 A citizen should have certain preferences towards certain land 
changes fostered by some policies. This colour is used to 
identify a policy for which the citizen could feel a certain degree 
of acceptability. 

P3v A value between 0% and 100% describe de rate of acceptability 
of policy identified by colour Idp3. 

ta The citizen attribute information must be understood as a time 
stamp data. Thus, some values can change according to a 
simulation time basis mechanism. This attribute represents the 
time stamp of the information represented in the attributes. 
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As it can be noted, in our example citizens could express interest for a maximum of 

three different land change options, which initially can be computed according to the 

policy description, but later can change according to their interactions with other 

members of the community.  

 

In order to simulate the policy acceptability according to a certain time horizon, some 

citizen attribute information can change on a time based mechanism according to the 

boundary conditions. Thus, a prediction of an economic crisis in a certain sector (i.e. 

Tourism, steel companies, etc) could affect the Ec and the Work colours. 

 

Next Figure illustrates the CPN model of Policy-1: Industry green park in which the 

policy impact acceptability is described according to the boundary conditions, the 

citizen characteristics and the city resources capacities. 

 

 

Figure 32: CPN model of policy 
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Table 12: Arcs expressions a1, a2, a3, a4 

A1 1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15,v16) 
A2 if (v10=vp) then 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11+vval,v12,v13,v14,v15,v16) else 
if (v12=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13+vval,v14,v15,v16) else 
if (v14=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15+vval,v16) else 
if (v11 <= v13) andalso (v11 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,vp,vval,v12,v13,v14,v15,v16) else 
if (v13 <= v11) andalso (v13 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,vp,vval,v14,v15,v16) else 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,vp,vval,v16) 
A3 if (v10=vp) then 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11+vval,v12,v13,v14,v15,v16) else 
if (v12=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13+vval,v14,v15,v16) else 
if (v14=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15+vval,v16) else 
if (v11 <= v13) and also (v11 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,vp,vval,v12,v13,v14,v15,v16) else 
if (v13 <= v11) and also (v13 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,vp,vval,v14,v15,v16) else 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,vp,vval,v16) 
A4 if (v10=vp) then 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11+vval,v12,v13,v14,v15,v16) else 
if (v12=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13+vval,v14,v15,v16) else 
if (v14=vp) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15+vval,v16) else 
if (v11 <= v13) and also (v11 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,vp,vval,v12,v13,v14,v15,v16) else 
if (v13 <= v11) and also (v13 <= v15) then 
1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,vp,vval,v14,v15,v16) else 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,vp,vval,v16) 
 

In the previous figure there are 5 transitions (driving forces) which evaluate 

the impact (benefits to the population) of changing the industrial use to a 

green park: 

 

Elderly People (old transition): There are 3 different entities (agents) that take 

part when evaluating this driving force: Citizen (Place node Citizen), Policy 

impact on elderly people (Place node Pol1) and boundary conditions (place 

node BC_Parks).  In this transition the characteristics are checked (arc 

expression a1 described in precedent tables, of the agent (citizen), using the 

arc expression: 
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[v1>=vag andalso 

dist(v7,v8,px,py)<md] 

 

which tests if the agent is an old citizen (first colour Age of the arc expression 

a1 represents the age, variable v1, which is compared with the estimated age 

of pensioners which is represented in the variable vag in the arc expression 

1`(vp,vag,vval,px,py,md)) and that lives close to the land cell under study 

(obtained using the variables v7 and v8 which represent the home location of 

the agent mapped with the colours X and Y in arc a1).The variables px and py 

represent the industrial land location in the arc expression 

1`(vp,vag,vval,px,py,md)). 

 

As a consequence of this driving force, the agent acceptability for this policy 

will be updated with a certain increment represented in arc expression a2. The 

right increment will be defined partially in the policy definition, but also on the 

agent affinity to other policies (such as for example a leisure or a commercial 

area). Thus arc expression a2 allows computing the affinity in the colour Pv1, 

Pv2 or Pv3 in case the agent has shown other preferences using as a 

reference the value of variable vval specified in the policy definition. 

 

Next figure illustrates this transition, in which a citizen with the following 

characteristics: 

Age Ec Kids CultL Mob Work X Y Z Idp1 P1v Idp2 P2v Idp3 P3v ta

65 70 3 5 1 0 100 100 - 0 0 0 0 0 0 1 

 

As a result of firing the transition, the new agent’s attributes will change to: 

Age Ec Kids CultL Mob Work X Y Z Idp1 P1v Idp2 P2v Idp3 P3v ta 

65 70 3 5 1 0 100 100 - 1 20 0 0 0 0 1 
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Figure 33: Policy result 

 

Boundary conditions represented in BC_Parks could affect the agent affinity if 

the amount of parks in this area and the climate conditions were not 

acceptable.  

 

In the next figure the same policy is represented (industrial use green park) 

but considering effects on families with kids. The main difference with regards 

to the previous transition is in the guard expression:  

 

[v3>nkandalso((v2>=70) orelse (v2<20)) andalsodist(v7,v8,px,py)<md] 

 

in which the amount of kids is checked (represented in variable v3 that 

corresponds to Kids attribute) and the economical capacity of the agent 

(represented in variable v2 that corresponds to colour Ec). 
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Figure 34: Policy result considering effects on families with kids 

 

3. Citizen Agent interaction: There are several interactions that can be formalized 

in a social context, but in this example citizen’s interaction has been modelled 

as a proximity interaction or as an affinity interaction. 

Social interaction by proximity has been modelled in such a way that a policy’s 

acceptability will decrease when it is not supported at all by one of the agents 

and is not highly ranked by the other agent. 

Next figure illustrates the proximity interaction in which 2 citizens explains 

their opinions to foster or reject a policy. In the particular case of the previous 

example, it could represent 2 neighbours discussing their interest to foster a 

green park area or another policy (i.e. Commercial area). Place node High-op 

is used to check which one is the policy with highest affinity to each agent. 
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Figure 35: Proximity interaction in which 2 citizens explain their opinions to foster or 
reject a policy. 
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Table 13: Arc expressions 

A1 1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15,v16) 
A2 if (v10 <> tt1) andalso (v10 <> vv10) andalso (v10 <> vv12) andalso (v10 <> 

vv14)  then 1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11-1,v12,v13,v14,v15,v16) 
else 
if (v12 <> tt1) andalso (v12 <> vv10) andalso (v12 <> vv12) andalso (v12 <> 
vv14)  then 1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13-1,v14,v15,v16) 
else 
if (v14 <> tt1) andalso (v14 <> vv10) andalso (v14 <> vv12) andalso (v14 <> 
vv14)  then 1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15-1,v16) 
else 

1`(v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11,v12,v13,v14,v15,v16) 
A3 if (vv10 <> tt1) andalso (vv10 <> v10) andalso (vv10 <> v12) andalso (vv10 

<> v14)  then 1`(vv1,vv2,vv3,vv4,vv5,vv6,vv7,vv8,vv9,vv10,vv11-
1,vv12,vv13,vv14,vv15,vv16) else 
if (vv12 <> tt1) andalso (vv12 <> v10) andalso (vv12 <> v12) andalso (vv12 
<> v14)  then 1`(vv1,vv2,vv3,vv4,vv5,vv6,vv7,vv8,vv9,vv10,vv11,vv12,vv13-
1,vv14,vv15,vv16) else 
if (vv14 <> tt1) andalso (vv14 <> v10) andalso (vv14 <> v12) andalso (vv14 
<> v14)  then 
1`(vv1,vv2,vv3,vv4,vv5,vv6,vv7,vv8,vv9,vv10,vv11,vv12,vv13,vv14,vv15-
1,vv16) else 

1`(vv1,vv2,vv3,vv4,vv5,vv6,vv7,vv8,vv9,vv10,vv11,vv12,vv13,vv14,vv15,vv16) 
A4 1`(vv1,vv2,vv3,vv4,vv5,vv6,vv7,vv8,vv9,vv10,vv11,vv12,vv13,vv14,vv15,vv16) 
 

As it can be observed in arc expressions a2 and a3, affinity of the citizen to a 

certain policy is decreased by a certain amount: variables v11,v13 and v15 

represent colours P1v, P2v and P3v for one agent, and variables vv11, vv13, 

vv15 represent also the same attributes but for the other agent. 

 

Guard expression attached to the highest transition, checks that both agents 

are candidates for a proximity interaction (i.e. they live in the same area): 

 

[dist(v7,v8,vv7,vv8)< 10000] 

 

On the other way around, social interactions by affinity are used to increment 

the expectations of a certain policy when it is well ranked by both citizens 

while decreasing the interest in the other options. In the case when one policy 

is highly ranked with respect to the other options this can affect other citizens 

who also ranked the referenced policy by increasing their interest. Next figure 

illustrates this interaction. 
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Figure 36: Evaluation of opinions 

 

4. Agent interactions: In a similar way as modelled with citizens, land changes 

drivers can also be modelled in the resources as affinity. Thus, if in the area 

under study, there is a residential area with a high occupancy factor and high 

density, the interaction between the different neighbourhood areas should 

foster a change in the frontier area to a new residential area. The right land 

change will depend also on the interaction between usability and saturation of 

some of these resources and the available land characteristics. 

5. Boundary Conditions: In this model the boundary conditions must be added to 

the model but they can be added in such a way that their parameters 

influence the behaviour of people. These boundary conditions must be 

discussed through the social media mainly. In the case of the open space 

these boundary conditions (not included at this example) could be level of 

immigration in the area, income rate, amount of distance a family is willing to 

walk in order to get to a particular place. These two variables could influence 

the perception of the people within an area and the correspondent discussion 

could lead into a different outcome which could be evaluated through the 

simulation model. 
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3.4.5.3 Implementation of the Open space land use in NetLogo Environment 

After the causal relationships have been defined through the CPN formalism, it is 

possible to translate those rules into a MAS environment. In the case of our example 

NetLogo has been selected as the environment where all the agents will interact 

based on the rules defined by the CPN formalism. It is fair to mention that the rules 

defined with the CPN formalism can be used for implementing the interaction in any 

kind of agent architecture or MAS simulation program.   

 

The causal model for land use relies mainly on three different agent behaviours: 

 Citizens: This agent allows evaluating the benefits and shortages of the 

different policies proposed according to the expected needs of each citizen. 

Thus, citizens are characterized by the following attributes, which have been 

formalized previously inTable 11: Age, Economical Incomes (Ec), Responsible 

of kids (Kids), Cultural Level (CultL), Mobility profile (Mob),  Amount of zones 

where their job is placed (Work-z), Coordinates where their residence is 

placed (X Y), Civil state (civilS). The citizen’s preferences on the urban policies 

proposed are recorded in a list named Policy, in which each value represents 

its affinity to a certain policy normalized to 100% (Policy[]). Finally, a 

temporal attribute is used to include the citizen as member of the study group 

(dset).  

All citizens are modelled as turtle agents in NetLogo  

 

 Urban Resources: A City or the urban area under study, is represented by a 

discrete grid of small areas, each one identified by a reference to a certain 

location (i.e. georeferenced), and by a functionality. Thus, an area can be 

characterized by the infrastructures and resources deployed, such as for 

example: a school (1), a health facility (2), a green park area (3), a transport 

facility (4), a leisure or a commercial centre (5), a residence area (6) or a 

business area (7). The attribute usage represents the functionality of each 

area. The value 0 is preserved to indicate the open space under study. 

All areas are modelled as patches agents in NetLogo 
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 Interactions: Citizens could iterate with other citizens based on: 

o Proximity relationship: they are neighbours and can casually share their 

opinion regarding certain policies that could affect the initial score of 

each policy.  

o Affinity relationship: Citizens that live in different areas share some 

characteristics that allow them by means of physical interaction or 

through social IT networks to share their opinions regarding policies. 

Thus, one example of physical interaction of citizens living in different 

areas can be found in the parents after school time. A prerequisite to 

activate this type of affinity interaction is that the citizen should have at 

least a kid in a school. 

All interactions are modelled as link agents in NetLogo. 

 

 Global Information: There are some data which cannot be represented in the 

agents, instead they specify global boundary conditions, context scenario 

information, or experiment hypothesis. In this land use model, 4 constants 

have been setup to evaluate different policies for an open space area: 

o Disf: The maximum average distance that a family with kids can usually 

walk from their residence to a green park area. 

o Dise: The maximum average distance that elderly people can usually 

walk to a green park area. 

o Xp, Yp: Specify the open space area location under study. 

Global information is formalized by global variables in NetLogo.  

 

The following figure illustrates the agent attributes and global variables implemented 

in NetLogo. 
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Figure 37: Parameters and colours coded in NetLogo 

 

3.4.5.3.1 Model Initialization 

The first step to run a simulation is to initialize the model according to the particular 

characteristics of the problem under study. Thus, the land use causal model should 

initialize the citizen’s characteristics, the infrastructure and resources in the city 

together with the present use of urban areas, and the experiment conditions.  

 

The next figure illustrates the initialization of the different agents and global 

variables that take part in the simulation. The first set of instructions is used to 

create citizen agents according to the population age distribution. Thus, in this 

experiment, it is considered that 15% of the citizens under study are young 

(between 18 to 30 years), 25% are juniors (between 30 to 40 years), 50% are 

seniors (between 40 to 60 years) and 10% elderly (above 60 years). Figure 38shows 

the code developed to create these citizens. The variable people is a global variable 

that is initialized by the end user using the interface developed. The shape of these 

turtles is also initialized to person figures. 

 

turtles‐own [ Age Ec Kids CultL Mobi Work‐Z X Y policy civilS dset]
links‐own [turtle‐id prox‐affin]
patches‐own [ usage ]
globals [ dis disf dise xp yp tt]

Parameters and Colours
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Figure 38: Model initialization 

 

The second part of the code (i.e. “set-patches-usage...”) is used to create the area 

agents (i.e. patches in NetLogo). It specifies the amount of open space areas under 

study, the amount of schools, health centres, green parks, transport facilities, leisure 

and commercial centres, and the rate of residences and business buildings. Thus, in 

this experiment, it is considered that there is only 1 open space area under study 

(first parameter of the call to procedure set-patches-usage), and the amount of each 

facility type is represented by the global variables schools_C, health_C, parks_C, 

transport_C and leasure_C which can be initialized by the end user using the 

interface developed. The last two parameters specify that 70% of the areas are 

residential while 30% are business. In Figure 39the code developed to create these 

patches is shown. 

 

to setup
ca
set‐default‐shape turtles "person"
cr‐citizens‐young ceiling (15 *  people / 100)
cr‐citizens‐junior ceiling (25 *  people / 100)
cr‐citizens‐senior ceiling (50 *  people / 100)
cr‐citizens‐elder ceiling (10 *  people / 100)

set‐patches‐usage 1 schools_C health_C parks_C transport_C leasure_C 70 30

set xp 10 ;; land under study
set yp 10 
ask patch xp yp [set pcolor magenta]
set disf 30 ;; maximum distance for families
set dise 20 ;; maximum distance for elderly

ask turtles [ set policy [0 0 0 0 0 0 0 0 0] ]
set‐citizens‐policies
set‐citizens‐links
end

Model Initialization
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Figure 39: Patches initialization 

 

 

The third part of the code, just initializes the global variables already presented in 

previous section. Thus, the open space area under study is placed in the coordinates 

10,10 and it is initialized in magenta colour to be easily identified. Also the average 

maximum distance of a location to be suitable for a family or elderly people is also 

initialized. 

 

Finally, the last part of the code initializes the preferences of the citizens towards the 

different policies proposed (procedure set-citizens-policies) and the physical and 

affinity links between citizens (procedure set-citizens-links ). 

 

 

 

 

 

to set‐patches‐usage [us0 us1 us2 us3 us4 us5 us6 us7]

ask n‐of ceiling((max‐pxcor ‐min‐pxcor)*(max‐pycor ‐min‐pycor)* us6 / 100) patches ;% building
[ set pcolor red
set usage 6]
ask patches with [pcolor != red] ;; % bussines
[ set pcolor brown      set usage 7]
ask n‐of us0 patches ;; area under study
[ set pcolor white      set usage 0]
ask n‐of us1 patches ;; schools
[ set pcolor blue      set usage 0]
ask n‐of us2 patches ;; health facilities
[ set pcolor orange      set usage 0]
ask n‐of us3 patches ;; green parks
[ set pcolor green      set usage 0]
ask n‐of us4 patches ;; transport facilities
[ set pcolor pink      set usage 0]
ask n‐of us5 patches  ;; leasure & commercial facilities
[ set pcolor cyan      set usage 0]

end

Model Initialization : City Facilities
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3.4.5.3.2 Agents Citizen Initialization 

The next figure illustrates the code implemented to create instances of citizens as 

turtle agents. 

 

 

Figure 40: Citizens Initialization 

 

Procedure “cr-citizens-young” creates young citizens (ages between 18 to 30 years). 

Due to a lack of real information about the young citizen’s characteristics of the case 

study, the attribute values are generated randomly according to some statistical 

hypothesis. Thus, in this particular exercise, the economic capacity of young people 

is set randomly between 20% to 50%, the amount of kids is set randomly to 0 or 1 

kid, the cultural level is set randomly between 50% to 70%, the mobility preferences 

are also set randomly between 1 to 4, while the work zone is placed far away (work-

z value 5). In case there was any information regarding residential areas 

characteristics, young people could be placed randomly in those (this information 

could be provided from a field study or by the majorly). In this particular exercise, 

young people are distributed randomly through the urban area of study. Finally, the 

to cr‐citizens‐young [num]
repeat num
[create‐turtles 1 [ set color blue set age 18 + random 12 set ec 20 + random 30 set kids random 1 set cultL
50 + random 20 set mobi 1 + random 3 set work‐z 5 setxy random‐xcor random‐ycor set civilS random 1]]

end

to cr‐citizens‐junior [num]
repeat num
[create‐turtles 1 [ set color yellow set age 30 + random 10 set ec 10 + random 60 set kids random 5 set cultL 20 + 
random 50 set mobi 1 + random 3 set work‐z 1 + random 3  setxy random‐xcor random‐ycor set civilS random 1]]

end

to cr‐citizens‐senior [num]
repeat num
[create‐turtles 1 [ set color red set age 40 + random 20 set ec random 100 set kids random 0 set cultL 20 + 
random 70 set mobi 1 + random 3 set work‐z random 5 setxy random‐xcor random‐ycor set civilS random 1]]

end

to cr‐citizens‐elder [num]
repeat num
[create‐turtles 1 [set color white set age 60 + random 20 set ec random 60 set kids 0 set cultL 50 + random 
20 set mobi 1 + random 3 set work‐z 0 setxy random‐xcor random‐ycor set civilS random 1]]

end

Model Initialization : Citizens Description
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civil state is also set randomly to a value 0 or 1 (single / married). Young people are 

set to colour blue. 

 

Procedure “cr-citizens-junior” creates junior citizens (ages between 30 to 40 years). 

Due to a lack of real information about the junior citizen’s characteristics of the case 

study, the attribute values are generated randomly according to some statistical 

hypothesis. Thus, in this particular exercise, the economic capacity of junior people is 

set randomly between 10% to 60% (unemployed to well stand people), the amount 

of kids is set randomly up to 5 kids, the cultural level is set randomly between 20% 

to 50%, the mobility preferences are set randomly between 1 to 4, the work zone is 

generated also randomly between 1 to 4 zones. In case there was any information 

regarding residential areas characteristics, junior people could be placed randomly in 

those areas (this information could be provided from a field study or by the majorly). 

In this particular exercise, junior people are distributed randomly through the urban 

area of study. Finally, the civil state is also set randomly to a value 0 or 1. Junior 

citizens are set to colour yellow. 

 

Procedure “cr-citizens-senior” creates senior citizens (ages between 40 to 60 years). 

Due to a lack of real information about the senior citizen’s characteristics of the case 

study, the attribute values are generated randomly according to some statistical 

hypothesis. Thus, in this particular exercise, the economic capacity of senior people 

is set randomly between 0% to 100% (unemployed to well stand people), the 

amount of kids under his responsibility is set randomly up to 2 kids, the cultural level 

is set randomly between 20% to 90%, the mobility preferences are set randomly 

between 1 to 4 ,while the work zone is placed far away (work-z value 5). In case 

there was any information regarding residential areas characteristics, senior people 

could be placed randomly in those areas (this information could be provided from a 

field study or by the majorly). In this particular exercise, senior people are 

distributed randomly through the urban area of study. Finally, the civil state is also 

set randomly to a value 0 or 1. Senior people are set to colour red. 
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Procedure “cr-citizens-elder” creates elderly people (ages between 60 to 80 years). 

Due to a lack of real information about the elder citizen’s characteristics of the case 

study, the attribute values are generated randomly according to some statistical 

hypothesis. Thus, in this particular exercise, the economic capacity of elderly people 

is set randomly between 0% to 60%, the amount of kids under his responsibility is 

set to 0 kids, the cultural level are set randomly between 50% to 70%, the mobility 

preferences is set randomly between 1 to 4,while the work zone is set to 0. In case 

there was any information regarding residential areas characteristics, elderly people 

could be placed randomly in those areas (this information could be provided from a 

field study or by the majorly). In this particular exercise, elderly people are 

distributed randomly through the urban area of study. Finally, the civil state is also 

set randomly to a value 0 or 1. Elderly people are set to colour white. 

In the next figure there are illustrated the results of initializing the simulation model 

with the proposed parameters, considering that the global variable people is set to 

200. 

 

 

Figure 41: Population initialization in NetLogo interface 
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Next figure illustrates the same information but initializing the amount of elderly 

people to 50% and the amount of junior people also to 50%: 

cr-citizens-elder ceiling (50 *  people / 100) 

cr-citizens-junior ceiling (50 *  people / 100) 

 

 

Figure 42: Initialization of elderly and junior people in NetLogo interface 

 

The entities in white represent elder people while the yellow ones represent junior 

people. 

3.4.5.3.3 Agents Area Initialization 

Procedure “set-patches-usage” creates grid areas each one with a certain amount of 

citizens and functionality. The procedure is called with 8 parameters to properly 

initialize the grid according to the facilities and infrastructure of the urban area under 

study.   

 

The first set of instructions is used to create business and residential grid areas. 

Parameter us6 represents the percentage of residential grid areas while the 
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parameter us7 represents the percentage of business grid areas. Thus, in this 

experiment, it is considered that 70% for residential and 30% for business. 

Residential grid areas are represented by colour red, while business grid areas are 

represented by colour brown.  The next figure illustrates the result obtained using 

this gridding. At the left hand side, the gridding is represented without the citizen 

agents, while at the right hand side a new gridding is represented with the same 

parameters but with the citizen agents. 

 

Figure 43: Gridding areas 

 

Due to a lack of real information about the right location of residential and business 

areas, the gridding is generated randomly in this exercise. The next figure illustrates 

the code implemented to create instances of grid areas as patch agents. 

 

 

Figure 44: Code of the patches usage 
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The code uses some variables namely us0, us1, us2, us3, us4, us5, us6 and us7 to 

specify the number of patches that will represent the different land uses. These 

variables are specified by the user (using the GUI of NetLogo) in this first generic 

model. When the model is implemented in a real case of the pilot cities the values of 

the variables will correspond to the ones of the particular pilot cases. 

The second part of the code selects randomly the patch agents based on the variable 

number (e.g. us1 for schools) using the primitive n-of which takes the number 

specified in the correspondent variable to randomly select the patches that will 

represent the land-use type. For instance the instruction: 

ask n-of us1 patches ;; schools 

   [ set pcolor blue      set usage 0] 

 Selects a us1 number of patches of the whole number of available patch agents and 

colour them in blue to differentiate their land use, the usage is also specified with a 

number. 

The previous code initializes the gridding with the amount of schools specified in 

parameter us1, the amount of health care facilities specified in the parameter us2, 

the amount of green parks specified in the parameter us3, the amount of transport 

facilities specified in the parameter us4, and finally the amount of leisure and 

commercial centres specified in parameter us5.  Schools are initialized with colour 

blue, health facilities with colour orange, green parks with colour green, transport 

facilities with colour pink, and commercial centres with colour cyan. Each gridding 

area has attached the “usage” attribute in which the functionality of each gridding 

area is described. In the land use model, there could be added much more extra 

attributes to represent other aspects that could affect the decision making process or 

the opinion of the citizens regarding certain urban policies. Thus, an attribute of 

“usability” could provide information regarding a percentage of citizens using a 

certain facility. Consider for example a low usability of green parks (cities with bad 

weather conditions) and a high usability rate for most of the health centres; it could 

be challenging information for citizens to set their preferences for certain policies 

while rejecting others. 
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In the next figure there are illustrated the results of initializing the simulation model 

with the proposed parameters, considering that the global variable people is set to 

200, 7 schools (variable schools_C), 3 health centres (variable Health_C), 3 green 

parks (variable Parks_C), 5 transport facilities (variable Transport_C) and 10 leisure 

or commercial centres (variable Leisure_C). The magenta cell represents the open 

space grid under study. 

 

 

Figure 45: Initial MAS-CPN model for open space area 
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3.4.5.3.4 Citizens Policy Preferences Initialization 

Procedure “set-citizens-policies” evaluates for each citizen their affinity to the 

different urban policies proposed. In this particular exercise only 5 policies are 

considered, regarding an open space that should be transformed into a new land use 

represented in the next table.  

 

Table 14: The different policies for an open space usage 

Policy 0 Open Space  ---> Schools 
Policy 1 Open Space ---> Facility : Health 
Policy 2 Open Space  ---> Facility: Green Park 
Policy 3 Open Space  ---> Facility : Intermodal 

Transport 
Policy 4 Open Space ---> Facility: Leisure or 

Commercial 
 

The next figure illustrates the code implemented to initialize the citizen’s affinity to 

the different policies. Each one of the procedures evaluates the different agents and 

based on the characteristics of the agents sets their position (whether if they support 

or not a particular policy).The last instruction is used to normalize the affinity values 

to a range 0% to 100%. 

 

 

Figure 46: Policy initialization 

 

3.4.5.3.5 Citizens Interaction Initialization 

The procedure “set-citizens-links” calls for different procedures to initialize both the 

proximity links between citizens, and also the affinity links. The initialization of the 

to set‐citizens‐policies
cit‐policy‐0
cit‐policy‐1
cit‐policy‐2
cit‐policy‐3
cit‐policy‐4
ask turtles [ normalize ]
end

Model Initialization : Citizens Policy
Preferences
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different links can be configured by the end user through the developed GUI 

interface. Next figure illustrates the interface in which there is a switch button to 

allow the initialization of proximity links, and also another switch button to activate 

the affinity links. Regarding the affinity links, there has also been implemented a 

chooser button to allow the end user to specify the affinity type (by age, by 

economical income standings, by amount of kids, by cultural level, or by mobility 

preferences) links should be computed between citizens. 

 

 

Figure 47: NetLogo GUI interface 

 

Once the affinities have been computed, they can be represented graphically if the 

switch button “animate” is activated. The Figure 48 illustrates the code implemented 

to initialize the citizens’ links (i.e. link agents). 
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Figure 48: Link initialization 

The initialization is performed based on the switches status which turns on and off 

the affinities type. When the model is implemented for the pilot cases, all the 

affinities will be turned to ON so that the simulation is performed in a more realistic 

way. 

 

3.4.5.3.6 Causal Model: Affinities  

The following figure presents two examples of the code for the modelling of the 

affinities to the different policies. This coding is based on the CPN semantics 

presented in the previous section. These sentences are executed to evaluate the 

affinities of the different agents to a particular policy. It takes into account the 

agents that are within a particular radius (in Figure 49 the radius is set to 10 cells), 

and the interaction is performed based on the attributes (e.g. kids, age) of the 

agents in order to determine if they foster a policy or not. 

 

to set‐citizens‐links
if proximity [set‐up‐links‐proximity]
if affinity[
if Affinity_type = "Age" [set‐up‐links‐affinity‐Age]
if Affinity_type = "Ec" [set‐up‐links‐affinity‐Ec]
if Affinity_type = "Kids" [set‐up‐links‐affinity‐Kids]
if Affinity_type = "CultL" [set‐up‐links‐affinity‐CultL]
if Affinity_type = "Mobi" [set‐up‐links‐affinity‐Mobi]
]
ask links [
set color black
hide‐link]

end

Model Initialization : Citizens ‐ Citizens Links
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Figure 49: Affinity to School change 

 

The code from Figure 49 is the one for the affinities related to the placement of a 

school in the open space under study. The first sentences establish which agents are 

within the particular radius; these agents will participate in the evaluation based also 

on their characteristics and attributes. When they satisfy the conditions the numerical 

value of the policy (in this case policy 0) will be incremented in 20 units. 

 

 

The following figure presents the code for the modelling of the affinity to policy 1 

(transforming the open space into a health facility). This coding is based on the CPN 

semantics presented in the previous section. The procedures take into account the 

agents that are within a radius of 20 cells and the interaction is performed based on 

the attributes (e.g. kids, age) of the agents in order to determine if they foster this 

policy or not. If the agents represent people with age more than 60 yrs. old they 

would foster this policy in a more intensive way. 

to cit‐policy‐0 ;; Industry ‐‐‐> school
ask turtles [set dset 0]
ask patches with [pcolor = blue] [
ask turtles in‐radius 10 [set dset 1]]
ask turtles with [dset != 1 and kids >= 1] [  ;; present parents
dist xp yp xcor ycor
if (dis < disf) [
set color blue
set policy replace‐item 0 policy ((item 0 policy) + 20)]]

ask turtles with [dset != 1 and age < 40 and kids = 0 and civilS = 1] [  ;; potential future P. 
dist xp yp xcor ycor
if dis < disf [
set color blue
set policy replace‐item 0 policy ((item 0 policy) + 20)]]

end

Causal Model : Affinity to policy 0 ( School in an Open Space )
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Figure 50: Affinity to health centre 

 

The remaining code for the different affinities can be found in the Annex 1 of the 

document. The idea is the same so the reader should not have any problem verifying 

the code for the particular policies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to cit‐policy‐1 ;; Industry ‐‐‐> health: 
ask turtles [set dset 0]
ask patches with [pcolor = orange] [
ask turtles in‐radius 20 [set dset 1]]
ask turtles with [dset != 1 and kids >= 1] [  ;; present parents
dist xp yp xcor ycor
if (dis < disf) [
set color orange
set policy replace‐item 1 policy ((item 1 policy) + 20)]

]
ask turtles with [dset != 1 and age > 65] [  ;; elderly
dist xp yp xcor ycor
if dis < disf [
set color orange
set policy replace‐item 1 policy ((item 1 policy) + 20)]

]
end

Causal Model : Affinity to policy 1 ( Health Facility in an O. S.)
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3.4.5.3.7 Causal Model: Interactions based on proximity 

The following code evaluates the turtles that are within the 8 surrounding patches in 

order to establish a link based on the proximity interaction. The code presented in 

Figure 51 causes the evaluation of the interaction between the turtles that are 

related by a link. The code evaluates whether both turtles foster the same policy or 

not, if that is the case the policy value of the correspondent policy is increased using 

the procedure increase-policy-affinity. 

 

 

Figure 51: Defining proximity interactions 

 

 

to set‐up‐links‐proximity
ask patches[

ask turtles‐here [ 
let t_active turtle who
let t_id_active who
let t_afin turtles‐on neighbors
let t_q_afin count t_afin
ask n‐of t_q_afin t_afin [

create‐link‐with t_active [
set turtle‐id t_id_active
set prox‐affin 0 ] ]

] ]       
end

Causal Model : Proximity Citizen Interactions
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Figure 52: Interaction between linked turtles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

to cit‐cit‐proximity
ask turtles[ 

let actiu turtle who
let actiu1 who
let tt1 highest
ask links with [ turtle‐id = actiu1 and prox‐affin = 0] [ 

show‐link
display
if animate [wait 0.1]]

ask link‐neighbors [ 
if (cit‐match‐cit actiu who  = 1)[ ; both citizens high score to the same policy

ask actiu [ increase‐policy‐affinity tt1 20]
ask turtle who [increase‐policy‐affinity tt1 20 ]]

if (cit‐match‐cit actiu who  = 2)[ ; act. citiz scores highest a who citiz policy
ask actiu [ increase‐policy‐affinity tt1 10]
ask turtle who [increase‐policy‐affinity tt1 5 ]]

if (cit‐match‐cit actiu who  = 3)[ ; one of the citizens has no preference
ifelse (item tt policy = 0) [set policy replace‐item tt1 policy 10]
[ask actiu [set policy replace‐item tt policy 10]]]]]]]

end

Causal Model : Citizen Interactions by proximity
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3.4.5.3.8 Causal Model: Interactions based on affinities 

The following code calculates if there is affinity between the turtles. These 

procedures are active or not depending on the available switches in the NetLogo 

GUI. Figure 53 is an example of the code used for setting the affinities among turtles 

based on the age. In particular, the model assumes that there will be an affinity link 

between agents if their ages fall within three ages ranges less than 30, between 30 

and 65 and more than 65. When this characteristic is detected, a link is established 

between the turtles so that in a later evaluation it can be evaluated if they foster or 

not a particular policy based on their affinity. 

 

 

Figure 53: Link set up based on the age affinity 

 

Figure 54 makes the same links but based on the economic position of the agents. If 

there is identified that two turtles have a low economic income (e.g. Ec<40) a link is 

established between them so that later on it can be evaluated if they foster or not a 

to set‐up‐links‐affinity‐Age
ask turtles[

let t_afin turtles with [age < 30]
let t_amount count t_afin
ask n‐of t_amount t_afin [

let t_active who     let t_w_afin other t_afin
create‐links‐with t_w_afin [

set turtle‐id t_active set prox‐affin 1 ]]
set t_afin turtles with [age >= 30 and age < 65]
set t_amount count t_afin
ask n‐of t_amount t_afin [

let t_active who      let t_w_afin other t_afin
create‐links‐with t_w_afin [

set color green       set turtle‐id t_active
set prox‐affin 1 ]]

set t_afin turtles with [age >= 65]
set t_amount count t_afin
ask n‐of t_amount t_afin [

let t_active who     let t_w_afin other t_afin
create‐links‐with t_w_afin [

set color yellow         set turtle‐id t_active
set prox‐affin 1 ] ]]

end

Causal Model : Affinity (Age) Citizen Interactions
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particular policy and the link will serve to simulate the interaction that happens when 

there exist some social classes within a society. 

 

Figure 54: Link set up based on the economic affinity 

 

The code of Figure 55 is used to evaluate if two linked turtles (agents) give a high 

score to a particular policy. If the latter happens then the procedure increases the 

score of the policy for each turtle with the procedure increase-policy-affinity. That 

procedure is used to simulate when two citizens interact (in a face-to-face way or 

through the social media) and they share the same opinion about a particular policy, 

when that situation happens the policy is potentiated by the interaction of the two 

citizens.  

 

to set‐up‐links‐affinity‐Ec
ask turtles[
let t_afin turtles with [Ec < 40]
let t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [Ec >= 40 and Ec < 70]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color green
set turtle‐id t_active
set prox‐affin 1 ]

]

Causal Model : Affinity (Economical Level) Citizen Interactions

set t_afin turtles with [Ec >= 70]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color yellow
set turtle‐id t_active
set prox‐affin 1 ] ] ]

end
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Figure 55: Affinity interactions 

 

The GUI developed is useful for testing the level of acceptability of a particular 

policy. The acceptability can be graphically represented using some standard 

procedures available within the program, namely set-current-plot, set-current-plot-

pen, plot mean among others. These procedures easily plot some variables versus 

time therefore the end-user can easily evaluate on-line the evolution of the 

acceptability of a particular policy. Figure 56 presents the code for the developed 

procedure that plots the different policies values versus time. 

 

to cit‐cit‐affinity
ask turtles[ 

let actiu turtle who
let actiu1 who
let tt1 highest
ask links with [ turtle‐id = actiu1 and prox‐affin = 0] [ 

show‐link
display
if animate [wait 0.1]]

ask link‐neighbors [ 
if (cit‐match‐cit actiu who  = 1)[ ; both citizens high score to the same policy

ask actiu [ increase‐policy‐affinity tt1 20]
ask turtle who [increase‐policy‐affinity tt1 20 ]]

if (cit‐match‐cit actiu who  = 2)[ ; act. citiz scores highest a who citiz policy
ask actiu [ increase‐policy‐affinity tt1 10]
ask turtle who [increase‐policy‐affinity tt1 5 ]]

if (cit‐match‐cit actiu who  = 3)[ ; one of the citizens has no preference
ifelse (item tt policy = 0) [set policy replace‐item tt1 policy 10]
[ask actiu [set policy replace‐item tt policy 10]]]]]]]

end

Causal Model : Citizen Interactions by affinity
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on the proximity (surrounding areas). This is performed evaluating the semantics 

indicated with the CPN rules in a similar way as the one performed in the cellular 

automata approach. In this step the interaction between the agents is calculated and 

the agents perform the correspondent evaluation regarding the policies. In particular 

the interaction is performed more intensively through the agents that are in the 

surrounding areas of interest. The next step is to calculate the interaction based on 

the affinities of the agents. There are several types of affinities depending on age, 

social level etc. This step calculates the interaction of the agents based on their 

affinities. The next step plots the outcomes in a progressive manner so the user can 

view the evolution of the interaction between the different agents. The next and final 

step calculates the link that exist between the agents and it switches the graphical 

aspect of the links so the user can verify that a particular affinity exists between the 

different agents. 

 

The previous steps are performed in a cyclic manner evaluating the steps in each 

one of the different agents within the model. These calculations are performed each 

time the global clock is advanced (i.e. tick instruction). 
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3.4.5.5 Experiment and Results 

The CPN model was used for developing an Open Space simulator which is presented 

in the Figure 58. In this example only one area is the subject of study; this area is 

the cell with colour Magenta. It can be noticed that the simulation environment 

allows changing several parameters of the model in order to adapt it to a particular 

configuration of a system under study such as number of schools, hospitals, available 

parks, etc. 

 

 

Figure 58: The simulation model 

 

The simulator allows also determining which kind of relationship is possible to permit 

among the agents that participate in the system (e.g. proximity or affinity). The main 

outcomes that can be obtained from the simulator are the weights of the policies 

that result more attractive to the general actors within the model (i.e. population). 

The following table presents some results obtained with different parameters which 

can correspond to particular configurations of an example system. 
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Table 15: Simulation results of the open space model 

 

 

It can be seen that in most of the cases the school is the most fostered policy for the 

area under study. The previous outcome might be caused by the age distribution of 

the population under study or could be a sign of malfunction of the model which in 

that case must be recalibrated (verification step). 

The latter is a very powerful approach since it is possible to focus the research using 

a bottom-up approach concerning primarily in the underlying rules that govern the 

sentiments, behaviour or decisions of people within a society. After developing the 

particular behaviour of all the actors that participate in a particular policy it is 

possible to analyse their affinity to a policy through the use of a simulation approach. 

 

  

Configuration Outcomes

People Schools Hospitals Parks Transport Leisure Policy 0
(school)

Policy 1
(health)

Policy 2
(park)

Policy 3
(Transport)

Policy 4
(Leisure)

400 10 5 5 5 5 98 0 45.5 1.3 41.4

400 5 5 5 5 5 100 0 32.4 0 46

400 20 1 10 5 5 52 15 11.7 7 48.5

400 20 1 10 5 10 48 19 20 1 40.4
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3.5 Housing Generic Modelling 

For analysing and depicting human perception about housing there can be used 

Fuzzy Cognitive Mapping for developing a conceptual model that is suitable to 

represent a relatively unstructured knowledge and causalities expressed in imprecise 

forms. This method can be considered as a dynamic tool because there are cause-

effect relationships and feedback mechanisms (Kosko, 1986). A fuzzy cognitive map 

can be developed individually by one person (expert or citizen) or by a group of 

people, and more maps can be joined into a single fuzzy cognitive map that covers 

more aspects of a policy domain.  

 

3.5.1 Introduction 

In this sub-chapter there is developed a generic model based on FCMs for Housing. 

This policy domain, which is described in detail in D2.1, was selected following 

discussions with the pilot cities partners and in accordance with pilot cities 

requirements. As shown in Table 16 and D7.2, the Housing policy domain is one of 

the political priorities for most of pilot cities. 

 

Table 16:Political priorities for pilot cities (H: high priority, M: medium priority, L: low 
priority) 

Domain 

Prato

Political 

Priorities 

Pegeia

Political 

Priorities 

Barnsley

Political 

Priorities 

Zagreb 

Political 

Priorities 

Yantai

Political 

Priorities 

Land Use H H H H

Housing H H H M H

Commerce promotion H  

Shopping (Local amenities) M H M M

Infrastructure H H M H H

IT, Telecommunication L M H M H

Waste Management M M H H M

Energy and Water M H L H H

Transport and Movement M M H H H
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Domain 

Prato

Political 

Priorities 

Pegeia

Political 

Priorities 

Barnsley

Political 

Priorities 

Zagreb 

Political 

Priorities 

Yantai

Political 

Priorities 

Spatial  environmental 

planning 

H H H H L

Urban segregation M L M L

Migration H L L L

Inclusion M H H M

Immigration and Inclusion H  

Demography L H M M H

Safety and Security H L M H H

Healthcare M M H H H

Social Affairs M M M H M

Education, culture and sports M M H H H

Research and Innovation M M H H

Employment creation 
H  

 

Intercity  and  international 

cooperation 

H 
 

Public affaires 
H 

 

Strategic planning 
H 

 

Economy,  labour  and 

enterprises 
 

H 
 

Environment  protection, 

sustainable  natural  and 

cultural  resources 

management 

 
H 

 

City assets management   
H 
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The Housing generic model based on FCMs will be used for developing thespecific 

FCM models taking into account the requirements of the pilot cities regarding the 

selected policy domains, the main actors and the relationships between them. In 

Figure 59there are illustrated the domains and policies selected by each pilot city 

forFUPOLin accordance with their needs, which are described in detail in D7.2. 

 

Figure 59: The selected policy domains in pilot cities, for which there will be 
developed the specific FCMs 
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3.5.2 Housing policy categories/themes 

One of the important steps in the housing policy is designing a policy model 

corresponding to a real housing issue, which is confronting the community. So, 

establishing the themes/categories that make up the elements of a housing policy 

has as principal source the particular needs of the city in discussion (pilot cities). 

 

Regarding the specific similarities and differences between local communities, the 

importance of the community perception is widely recognized. If these housing policy 

themes/categories are not known by city officials, the housing subject of interest for 

local community may be established using the interview procedure. 

 

When developing a comprehensive housing policy there are different important policy 

categories to take into account, such as:  

a. Housing necessity  

b. Housing Affordability 

c. Housing Ownership  

d. Neighbourhoods Services and Amenities  

e. Housing Availability  

f. Neighbourhood Stability  

g. Leveraging Resources  

h. Housing Quality, etc.  

 

a. Housing necessity 

Rationale: It is important to make sure there is a balance of housing necessity for 

persons choosing to live in the city. Based on housing relevant factors, socio-

economic and demographic factors, and accessibility to facilities, an adequate policy 

could be developed to offer a sustainable solution for the development of the 

housing area. 

If the interest expressed by opinion questionnaires for relocation in the city, for 

example, is increased, then it will increase demand for houses and other related 

factors such as schools and recreation facilities.  
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b. Housing affordability 

Rationale: An affordable house, whether rented or owned, is commonly defined as 

house (including taxes, insurance, and utilities), which does not cost more than a 

fixed percentage (for example30%) of the gross income of a household. It is also 

much localized (i.e. what is affordable in a city is unheard of in another one). 

Officials in city governments need arguments to know how to select the location and 

type of housing that a household can ‘afford’. 

Housing affordability (to buy, rent or build) is affected in principal by household 

incomes, housing costs, supply of housing, and the cost of borrowing money.  

 

c. Homeownership 

Rationale: While many in the housing community prioritize homeownership, officials 

in city governments need arguments to know if ownership is appropriate for or of 

interest to all residents. Option for ownership can cause changes/shifts in ownership 

of property: owner or tenant and hence new housing policy design. 

Changes caused by the preferences for owner or tenant option could enhance the 

financial support to increase rental housing stock or regulatory measures to purchase 

the property rented by tenants who occupy them, such as interest subsidy, loan 

guarantees, etc. 

 

d. Neighbourhoods services and amenities 

Rationale: In order to encourage the diversity of residents, municipality officials need 

to ensure the degree of satisfaction with the neighbourhoods services and amenities. 

Based on information regarding neighbourhood’s services and amenities, they could 

decide on opportunities to create and support a variety of services and facilities to 

offer.  

Increase in diversity and number of services and facilities offered in the 

neighbourhood affects the diversity of population. Increasing the diversity of services 

such as recreation, trade, education, information services, laundry, tailoring, business 

centres, communication services, transportation services and so on, attracts 

population with different leisure preferences, different education levels, different 

occupations and interests, which in turn will influence the job market in the 
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neighbourhood area. 

Increasing services offered in the vicinity of the house also leads to improving the 

standards of living conditions, therefore the health and welfare of the population, 

which means the social effects of the policy. 

 

e.  Housing Availability 

Rationales: Housing availability looks closely at the housing needs of special 

population groups. The special groups addressed in this section include ex-offenders, 

the homeless, persons with mental or physical disabilities, as well as the needs of 

youth and seniors. While these needs often overlap with the affordability principles, 

there are additional issues to consider including location, special physical 

accommodations, and availability of supportive services. Special physical 

accommodations and supportive services such as training and counselling public 

services could also increase the housing availability.  

 

f.  Neighbourhood Stability 

Rationale: The neighbourhood stability policy considers an underlying principle 

related to housing – and that is the neighbourhood in which the housing exists. A 

housing policy would be incomplete without considering the condition of 

neighbourhoods – whether or not there are blighted properties, paved streets and 

sidewalks, and proximity to schools and shopping, etc. Crime and code violations are 

additional neighbourhood considerations which are addressed.  

With more investments in conditions assurance and in infrastructure, the 

improvements are gained in neighbourhood stability. 

 

g.  Leveraging Resources 

Rationales: As its title suggests, leveraging resources issue is based upon the 

premise that there is no single financing structure that will achieve all of the goals of 

the housing policy. In this respect, single and multi-family housing initiatives deserve 

to be explored and recommended to housing policy. 

Housing is a basic human need and right– and beyond the human implications, it is a 

tremendous community economic engine. 
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h. Quality 

Rationale: The issue of Quality– of housing and neighbourhoods relates to housing 

which is desirable, functional, safe and energy efficient. Community commitment for 

quality environment is in meaningful high quality housing in high quality 

neighbourhoods – regardless of the physical location. 

These principles of quality are important considerations for future homebuyers or 

renters, when they make choices as to where to live.  

 

3.5.3 Main actors involved in the Housing domain 

In the FUPOL project there are five demonstrators from pilot cities: Prato (Italy), 

Barnsley (UK), Pegeia (Cyprus), Zagreb (Croatia) and Yantai (China). The actors from 

these pilot cities are different, and also the relationships between them are different 

in accordance to the selected policy domains for the FUPOL project. 

 

As it is presented in D7.2, the actors are the following: 

 Citizens: 

Some specific groups of citizens will be engaged in a realistic way to 

participate at the interviews (face to face) to identify the main factors of policy 

domains and relationships (causality relationships) between them in order to 

draw proper cognitive maps, that will be used for creating the scenarios and 

simulations. 

Also, the e-Participation of citizens is needed to help them  understand the 

FCMs simulation solutions and enabling them to comment and select some 

scenarios in order to satisfy their expectations. The involvement of citizens 

from each pilot city will be in a different manner and it is based on practices of 

pilot cities. For example, for Prato the interest of citizens is related to the 

conservation of green areas and immigration, for Barnsley the interest of 

citizens is related to improving the allocation of land for employment purposes, 

and for Pegeia the interest of citizens is related to housing and tourism. 



 

184 

Equally structured groups (NGOs) and associations of citizens of pilot cities, 

that play an important role in the community, can be informed about FCMs 

simulation solutions and bring their contribution to improve these solutions. 

 Actors from Public Administration 

- Decision Maker  

The Decision Maker, as a key person in Public Administration, responsible 

for the definition of the policies and the overall strategy for the service, 

together with the WP2 team will decide which factors of policy domain will 

be investigated and how FCM solutions will influence the policy changes.  

- Facilitator 

Each pilot city has a Facilitator that controls the FUPOL system, particularly 

FCM modelling. He is a key person for relationships between citizens 

involved in FCM modelling and their inputs. Also, he helps the Decision 

Maker to do his job better. 

- System Administrator 

The System Administrator provides technical support and ensures the 

input into the ICT systems. 

- Domain Expert 

The Domain Expert leads the execution of the piloting from the Public 

Administration side. 

 Actor from either side 

- The Reviewer 

The Reviewer is an intermediary person between citizens and the Public 

Administration regarding FUPOL ongoing, particularly FCM modelling. 

3.5.4 Guidelines and generic model 

Considering the FCM’s potential to be used in the policy modelling, generally known 

as suitable tool for livelihood analysis, the FCMs can be applied in the field of housing 

(Jean-Luc de Kok, 2000). Jean-Luc de Kok is among the few people who applied 

FCMs in the policy analysis to predict urbanization. The FCMs can be used in the 

particular issue of housing to enhance the policies’ quality by two kinds of human 

experts’ analysis, such as: 
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- structural analysis which provides a framework for representing causality and 

the propagation of causality 

- dynamical analysis to predict the effect of different variables in scenarios 

regarding housing policy options 

 

The proposedFCM approach is based on examining the perceptions of different 

stakeholders groups on housing policy issues, in order to facilitate the development 

of a comprehensive housing policy modelling. Within this process, we propose to 

quantify the subjective perceptions of the different stakeholder groups. 

The Housing model may include stakeholder groups representing local people or 

households, housing providers (public housing authority, municipal housing 

administrators) and private housing builders–subcontractors. 

 

FCM approach helps stakeholders groups to make decisions together and to accept 

the results as being obtained by the support of the participants. Also, in the scenario 

analysis process, FCMsare considered a powerful tool, because local people and 

other stakeholders trust in the usefulness of the method as being participants in the 

process and understanding to relate the outputs generated by the FCMs. 

 

By modelling the real world, the policy instrument can be experimented, and the 

future can be predicted. Policy makers at municipal levelneed to design policy 

directions for housing and to decide the best policy in supporting the housing. For 

this, they need first to consider different purposes: 

- to help clients/households make relocation decisions, housing choices, etc. 

- to better understand the nature of local housing markets in order to inform 

planning models for parcel-level housing  

- to optimize social impacts of housing policy (social efficiency and equity 

measures) 

- to provide guidance to housing providers regarding the type, number and 

location to build across their service area  
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- to generate promising forecasting models for use at municipal/regional-level 

planning models for allocations or subsidized housing across a large study 

area 

- to assign production levels for affordable housing and construction technology 

requirements regarding housing projects development 

- to develop decisions, as well as analyse the location outcomes of households 

who use tenant-based subsidies, etc. 

In order to use FCM methodology for creating a FCM for housing in a region/pilot city 

we can use two ways: 

- interview face to face 

- on-line interview/video conference 

In our approach we propose face to face interviews, following the next steps: 

 

Step 1: Selecting groups of interviewees/target groups 

The groups of interviewers could belong to different domains, such as: 

 Households 

 Enterprises  

 Developers 

 Local authorities (Representatives of public authorities) 

 Transport providers 

 Lobbyists 

 Real Estate Agents 

 Land owners 

 

For operability reasons we propose that every group will have the size of 10-15 

persons. The participants will be convoked through invitation inside the local 

community or through public invitation through media sources (preferably via 

Internet), by the partners of each pilot city. 

Every group is moderated by a facilitator/expert (which may be of RAU or Interfusion 

partners), with strong knowledge in the domain. It is recommended that facilitators 

construct their own cognitive maps of the system before interviewing other people, 
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so as to be able to introspectively question their own assumptions and understanding 

of the system, to be aware of their own model and to not let their ideas about the 

system influence others when conducting the interviews. 

 

Step 2: Creating the interview protocol 

 a) Defining the problem 

A formal introduction must be made by the facilitator in order to explain to the 

participants the purpose of the meeting and, generally, what are the FCMs and how 

they will be used for achieving the expectations. This first approach can be organized 

into three parts: 

- Which is the aim of the interview? 

- What is cognitive mapping methodology?  

- Presentation of a simple and illustrative example of a fuzzy cognitive map in a 

domain with no connection with the studied area, i.e. Housing. The facilitator 

will describe the main factors and how these factors are interrelated. 

 

b) Creation of individual FCMs 

Based on the guideline presented inTable 17, each one of the interviewees is asked 

to identify the main factors which come to his/her mind when he/she is asked by the 

facilitator about the topic been investigated, for example “Housing”. For this domain 

the interview guideline can beTable 17: 

 

Table 17: Interview guideline 

 
Interview topics 

 

Interview 
questions Possible answers How to conduct 

a) To discover 
which  housing 
issues are 
important for 
local people 
based on their 
living 
experience in 
the city  

 

 
 

 

 

Where do you  

like to  settle 

down in the city? 

 
 
 
 
 
 
 

 Downtown 

 Suburbs 

 Outside the 

city 

Ask the interviewees to 
answer the questions to 
choose housing issues that 
are important for local people: 
 
 
 Changehomelocation 
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Interview topics 

 

Interview 
questions Possible answers How to conduct 

Do you consider 

that there are 

enough affordable 

houses in the city?

 

Do you consider 

that in the city is 

provided sufficient 

housing standard? 

 

Do you consider 

that in the city 

there is need for 

additional houses? 

 

Do you consider 

that it is 

necessary to be 

the owner or a 

tenant of a 

house? 

 

Do you consider 

that the land use 

as green areas 

can be preserved 

by using unbuilt 

plots, or /and by 

the replacement 

of condemned 

houses with new 

ones? 

 Yes, enough 

 No, not enough

 I don’t know 

 

 

 Yes 

 No 

 I don’t know 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 

 

 

 

 
 Housing affordability 
 
 
 
 
 
 
 
 
 
 Housing standard 

availability 
 
 
 
 
 
 
 
 Additional houses 

necessity 
 
 
 
 
 
 
 Housing ownership 

 
 
 
 
 
 
 
 
 
 
 

 Preserving green areas 
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Interview topics 

 

Interview 
questions Possible answers How to conduct 

Do you consider 

that there  is  

need to reduce 

the size of  

houses by a 

proper design? 

 

Do you consider 

that an increased 

influx of 

immigrants would 

influence your 

living in the city? 

 

Do you consider 

that there is need  

to spend more  

money on 

refurbishing less 

developed district 

areas? 

 

Do you consider 

that there is need  

to spend more  

money on slum 

upgrading? 

 

Do you consider 

that more 

investments in 

housing 

development 

 Yes 

 No 

 I don’t know 

 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 
 
 
 Housing size  
 
 
 
 
 
 
 
 
 
 
 Impact of immigrant’s 

influx 
 
 
 
 
 
 
 
 
 
 Refurbishing of district 

areas that are less 
developed  

 
 
 
 
 
 
 
 
 
 
 
 Investing on slum 

upgrading  
 
 
 
 
 
 
 
 
 Housing development for 

neighbourhood stability 
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Interview topics 

 

Interview 
questions Possible answers How to conduct 

mean more jobs 

and less crime? 

 

Do you consider 

that more 

investments in 

neighbourhoods 

services and 

amenities mean 

the improvement 

of  living 

conditions? 

 

Do you consider 
that there is a 
need of houses 
for disadvantaged 
people? 
 
 
 
Do you consider 
that infrastructure 
of 
neighbourhoods is 
satisfactory for 
you? 
 
 
 
Do you consider 
that it is important 
that leveraging 
resources could 
generate income 
for housing 
policy? 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 

 

 

 

 

 Yes 

 No 

 I don’t know 

 

 

 Yes 

 No 

 I don’t know 

 

 

 

 Yes 

 No 

 I don’t know 

 
 
 
 
 
 
 
 Investment in 

neighbourhood services 
and amenities 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Houses for disadvantaged 
people 

 
 
 
 
 
 
 Infrastructure of 

neighbourhoods 
 
 
 
 
 
 
 Importance of leveraging 

resources 

b) To find what is 
perceived as 
important 
factors/concept
s in the domain 
of housing, 
when it is 
considered one 
of the housing 

Regarding  the 

housing issues 

chosen above, list 

the important 

factors/concepts 

that  you 

Population number 
Households income  
Housing costs 
Rental costs 
Employment 
Costs to build houses 
Economic growth 
Unhealthy homes 
Financial literacy of 

The interviewees are asked to 
list on the paper all 
factors/concepts identified 
through previous answers  
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Interview topics 

 

Interview 
questions Possible answers How to conduct 

issues chosen 
above 

consider  as 

capable of 

changing 

 
 

buyers  
Offers of lenders 
Costs of financing 
Commercial spaces 
Job market 
Demand for new 
housing  
Accessibility to facilities 
(schools, service 
facilities, recreation 
infrastructure) 
Available land 
Land use regulations 
(taxes) 
Public services (training 
and counselling) 
Local legislation  
Weather 
Natural disasters 

c) To draw the 
connections 
between the 
identified 
factors/concept
s  

Write the most 
important 
factors/concepts 
in the middle of a 
large drawing 
paper 
 
Draw the lines 
that link all of 
these 
factors/concepts 
which affect each 
other 
 
 
Are there any 
factors/concepts 
that affect the 
concept [X]?  
 
 
 
Do these 
factors/concepts 
[X] affect any 
other 
factors/concepts? 

e.g.: 
Are there any 
factors/concepts  
that affect the 
house costs? 

or 
 

Do the house 

 

 

 

 

 

 

 

 

 

 Yes 

 No 
 I don’t know 

 
 
 

 Yes 
 No 
 I don’t know 

 
 

 

 Yes 
 No 
 I don’t know 

 

 

 Yes 

The interviewee is asked to 
pick one of the 
factors/concepts of the list 
e.g. the one which is 
considered most important 
and to draw lines between 
them in order to represent the 
connections that link each of 
them. 
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Interview topics 

 

Interview 
questions Possible answers How to conduct 

costs affect any 
other 
factors/concepts? 

 No 
 I don’t know 

 

d) To indicate the 
sense of 
directions of 
the connections 
from cause 
factors/concept
s to effect 
factors/concept
s 

 
When considering 
X as 
factor/concept, 
what other 
factors/concepts 
will affect X? 

 The interviewee is asked to 
point the arrows on drawing 
lines to indicate the sense of 
direction from the causal 
concepts directed to the 
affected concepts, as they 
were identified by previous 
questions 

e) To establish the 
positive, 
negative or 
none influence 
between  
factors/concept
s  

 

How do these 
factors/concepts 
affect each other 
(positively, 
negatively or  
none feed-back 
mechanisms)? 
For this purpose, 
label the lines 
with signs of 
positive, or 
negative 

 The interviewee is asked to 
assign “+” to the positive 
connections and “-“ to the 
negative ones 

f) To determine 
the strengths to 
the connections  

How strongly do 
the 
factors/concepts 
affect each other? 
How strong is this 
positive /negative 
effect on X? 
 
 
 
 
 
How much does it 
mean for X that Y 
changes ? 

 large 
 medium 
 small  
 much 
 little 
 in between 
 etc 

(seeTable 2, 
sub-chapter 
3.1.1.2) 
 
 
(seeTable 2, 
sub-chapter 
3.1.1.2) 
 

The interviewee is asked to 
weigh the influences between 
concepts 

g) To detect 
missing 
weights or 
connections 
and draw the 
final map 

 
Draw the 
individual map 

 In a last step the facilitator 
should review the map with 
the interviewee. 
During the interview, new 
concepts should be added as 
they appear, if they do not 
belong to an already 
mentioned concept. 
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Step 3: Organising and developing the interview sessions by each pilot  
City 
 

a) Creating FCMs by each participant of interviewee groups by using 

the Questionnaires  

The tasks of each participant are the following: 

 Identify  the main factors in housing domain 

 Draw the connections between the identified concepts/factors, 

indicating the sense of relationships, which are the cause 

concepts/factors and effect concepts/factors 

 Indicate the type of causal relationships (positive, negative, 

none)between concepts/factors 

 

b) Negotiation process between facilitator and participants 

After the identification of the main factors in Housing each participant is asked 

by the facilitator to describe the existence of the causal relationships and put 

them among these factors and then assesses the strength of these causal 

relationships using a predetermined scale (Table 2, sub-chapter 3.1.1.2), 

capable to describe any kind of relationship (positive, negative or none) 

between two factors. Then, the participants will assess the strength of the 

causal relationships between factors and put the imprecise linguistic words on 

the edges, and afterwards they will put the corresponding fuzzy numbers on 

the edges. For example, the questions addressed to participants can be: 

- “Is there any positive or negative relationship between these factors?” 

- “How strong does a factor X influence another factor Y?” 

There are eight possible answers (seeTable 2, sub-chapter 3.1.1.2): 

strongest/very strong/strong/moderately strong/weak/very 

weak/weakest/lack, with the corresponding fuzzy weights, such as: 

1.00/0.80/0.70/0.60/0.50/0.40/0.20/0.00. 
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Thus, a FCM of each interviewee is established, and this FCM presents the main 

factors and the relationships among them, and it illustrates the individual’s 

perceptions about the topic under investigation.  

After the individual perceptions are elicited by interviews, a number of individual 

maps are produced. 

 

Step 4: Augmenting individual FCMs into a collective cognitive map for 

every group  

It is essential that the original concepts/factors (described by lay people from the 

interview), must be clustered in more generic or more specific concepts, because 

most of them present the same meaning with a different words. Using experts’ 

judgment, the importance of the original factors is discussed and they are then 

clustered. This can also be done through the construction of an ontological tree. 

This process of condensation enables the aggregation of concepts/factors into high-

level concepts/factors, which then feed into the construction of the collective FCM for 

every group. The individual maps are turned into a representative, collective 

cognitive map according to every individual map in order to create an augmented 

matrix that includes all the concepts/factors from all the individual cognitive maps.  

 

Step 5: Augmenting collective cognitive FCMs corresponding to every 
group into a social cognitive map 
 
After the identification of a collective FCM for every group, these collective cognitive 

maps are added together using unified matrix to create a social cognitive map.  

The process of FCMs’ augmentation is presented below: 

 

a) When the maps do not contain common factors 

If W1, W2 and WK are the adjacency matrices for K different FCMs, the unified FCM 

will have the adjacency matrix: 
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If two FCMs have F1 and F2 factors, respectively F3, F4 and F5 factors, with the 

corresponding adjacency matrices: 

 

Then the unified matrix will be: 

 

b) When the maps contain common factors 

In real systems, the subsystems are linked together and influence one another. 

Therefore, it is possible that different FCMs have common factors. In this case, the 

weight corresponding to the causal relationships between common factors will be 

computed as an average of the original weights. The example published in (Stylios, 

1997) consider two FCMs, the first FCM have F1, F2 and F3 factors, while the second 

FCM have F2, F3, F4 and F5 factors: 

 

 

Then, the unified matrix will be: 
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And it will correspond to a unified FCM with 5 factors. 

Based on the procedures described above, we suppose that the main factors and the 

causal relationships between them are represented in Figure 60: 
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Figure 60: The main factors and causal relationships for Housing 
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Step 6: Adjacency matrix creation 

Based on the single social cognitive map obtained in the above steps therecan be 

created the adjacency matrix by using a FCM software, for example FCMapper 

(http://www.fcmappers.net).  

 

The interface of FCMapper software is illustrated below. 

 

Figure 61: The Graphical User Interface of FCMapper 

 

The adjacent matrix, created with FCMapper for the nine factors above (see Figure 

60) is presented in Figure 62, where we can see the associated fuzzy weights 

between factors that show how the factors are influenced one by other. Therefore, 

the fuzzy weights measure the strength of the causality relationships between two 

factors.  
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Figure 62: The adjacency matrix corresponding to social cognitive map of Housing 

 

Step 7: FCM outputs and simulations 

The FCM results concern structural and dynamical analysis:  

 Structural analysis use comparative statistical techniques based on comparing 

the structural indices values (density index, in degree, out degree, transmitter, 

centrality, hierarchy index, and complexity index) among the groups of 

stakeholders interviewed.  

 Dynamical analyses use computational simulations. A vector of initial state of 

variables is multiplied with the adjacency matrix of cognitive map and the 

results are transformed to the (0, 1) interval using a logistic function. These 

steps are repeated through iterations while the matrix values become steady 

state. Then it is possible to run “What-if” scenarios, setting desired variables 

to a desired value and then comparing the outputs of the scenarios with the 

outputs of the base-line scenario. Positive deviations indicate a positive 

change compared to baseline, negative deviations which indicate a negative 

trend. 
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The FCM calculated indices for our example are presented inFigure 63. 

 

Figure 63:FCM calculated indices 

 

For the graphical representation of FCM for Housing there are used a NetFile file 

(generated by FCMappersoftware) and Pajek software (http://vlado.fmf.uni-

lj.si/pub/networks/pajek/). The NetFile file has the extension .net and it contains the 

information about the vertices and arcs (Figure 64) that are used for graphical 

representation of FCM model. 

 

Figure 64: The content of NetFile file regarding vertices and arcs 
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The interface of Pajek software is presented in Figure 65. 

 

Figure 65: The Pajek software interface 
 

The graphical representation of FCM for Housing is illustrated in Figure 66. 

 

Figure 66: Graphical representation of FCM for Housing 

 

Given an initial state of the system, represented by a set of values of its constituent 

concepts/factors (which are arbitrary, with no meaning, like the initial values for the 
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weights in the neural network), a FCM can evolve over time until it reaches the 

steady state (see column 4, Figure 67).  

 

 

 

Figure 67: The steady state of FCM for Housing 

 

In the steady state each factor has the value equal with 1 (column 2 in Figure 67). 

This steady state can be used to make predictions or different scenarios. Fine 

modifications of one or several factors in the equilibrium state will yield different 

comportments of the system. To support our example two scenarios were imagined: 

 

a) Firstly, by increasing the Households income from 0.50 (column 5) to 

0.70(column 3) in Figure 68, then the Demand for new houses has 

increased from 0.59 to 0.61. 
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Figure 68: Scenario 2 obtained by increasing the Households income from 0.50 to 
0.70 

 

b) Secondly, by increasing Financial crisis from 0.5 to 0.6 (Figure 69) and by 

decreasing Costs to buy/built houses from0.47 to 0.35 it can be seen that 

Households income decreases from 0.50 (column 5 in Figure 69) to 0.49 

(column 7 in Figure 69), the Demand for new houses decreases from 0.59 

to 0.58, Housing stock decreases from 0.65 to 0.64 and also Employment 

decreases from 0.43 to 0.42. 

 

 

Figure 69: Scenario 3 obtained by increasingFinancial crisis from 0.5 to 0.6 and by 
decreasing Costs to buy/built houses from0.47 to 0.35 

 

Comparing the scenarios the following results are obtained (Figure 70). 
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Figure 70: Comparing the scenarios 
 

For Scenario 2 (Figure 70), it can be seen that there are positive changes for 

Housing stock, Demand of new houses, Cost to buy/built houses, Regional urban 

policies and Employment andnegative changesfor Available land. For Scenario 3 

(Figure 70)there are positive changesfor Availableland andnegative changes 

forHousing stock, Demand for New houses, Households income, Regional urban 

policies and Employment. 

 

3.5.5 Generic CPN Housing Model Prototype for E-Participation 

As it has been already introduced in D2.1, from a strategic governance point of view, 

Housing is seen as an integral element of a nation’s economy. Its backward and 

forward linkages with other parts of the economy, should closely bond people’s 

needs, demands and social processes with the supply of land, infrastructure, building 

materials, technology, labour, and housing finance. These linkages allow housing to 

act as an important engine for sustainable development and poverty reduction in 

both society and the economy. Operating within an overarching governance 

framework, defined by institutional and regulatory systems that enable society to 

build homes and neighbourhoods, housing has an inescapable physical manifestation 

through the building of houses, dwellings, shelter, accommodation, site & services 

and/or residential units.  

To deal with a functioning housing sector which offers appropriate, affordable 

housing and sustainable patterns of urbanization, the major instruments that 

governments have at their disposal can be grouped in two areas:  

 Demand-side instruments:  
o Developing property rights: ensuring that rights to own and freely 

exchange housing are established by law and enforced, and 
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administering programs of land and house registration, ensuring land 
rights and regularization of insecure tenure;  

o Developing mortgage finance: creating and/or promoting the 
establishment of healthy and competitive mortgage lending institutions, 
and fostering innovative arrangements for providing greater access to 
housing finance by the poor, which includes micro-credit and micro-
financing for housing and land acquisition;  

o Rationalizing subsidies: ensuring that subsidy programs are of an 
appropriate and affordable scale, well-targeted, measurable, and 
transparent, preferably focusing on the demand side and avoid 
distorting housing markets. 
 

 Supply-side instruments:  
o Providing infrastructure for residential land development: coordinating 

the agencies responsible for provision of residential infrastructure 
(roads, drainage, water, sewerage, and electricity) to focus on servicing 
existing and undeveloped urban land for efficient residential 
development, which includes the establishment of urban planning 
instruments to anticipate growth and development;  

o Regulating land and housing development: balancing the costs and the 
benefits of regulations that influence urban land and housing markets, 
especially land use and building, and removing regulations which 
unnecessarily hinder land delivery and housing supply;  

o Organizing the building industry: creating greater competition in the 
building industry, removing constraints to the development and use of 
local building materials, promoting the establishment of lab testing and 
quality control, supporting green technologies and low-carbon practices 
in extraction, production and utilisation of building inputs, and reducing 
trade barriers that apply to housing inputs. 

These instruments are to be supported and guided by developing the institutional 

framework for managing the housing sector: strengthening institutions which can 

oversee and manage the performance of the sector as a whole; bringing together all 

the major public agencies, private sector, and representatives of nongovernmental 

organizations (NGO’s); and ensuring that policies and programs benefit the poor and 

elicit their participation.  

Although such institutional framework should enforce transparency in housing and 

real estate markets, establish monitoring and indicators and regular updates on the 

performance of the housing sector and the property market, the reality is that 
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housing mechanisms are totally obscure to the vast majority of population. 

Furthermore, citizenopinions are practically neglected in the above mentioned 

instruments which should be considered a real shortage if it is accepted that housing 

policies can influence drastically the patterns of urbanization of residential areas, and 

that the quality of life for most people is likely to be determined by the quality of 

their residential area. 

In Figure 71, there is represented a holistic and multidimensional view of the housing 

sector in which the above summarized instruments are linked with other key inter-

dependent components that interact in any housing market: land, infrastructure, 

finance, labour and building materials along with the accompanying construction 

industry with its technology and institutions. Although citizens needs and opinions 

should be at the centre of each component, decisions are taken without considering 

their real needs, being based on expected housing demands. 

In simple terms, housing demand analysis is used to predict future demand by 

subtracting the total number of households (based on population census and 

average household size) from the total number of existing housing units (usually 

based on housing census). The resultis usually referred to as the housing deficit or 

housing backlog and is regarded as the quantified demand for housing. Naturally, in 

the calculation the boundary conditions such as the annual population growth are 

also taken into account in order to be able to quantify the total amount of housing 

needed to accommodate this growth (by migration, natural increment, etc.). 
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Figure 71: The general framework for the housing sector 

 

However, the real housing demand is more complex than such an arithmetical 

calculation. Here the difference between formal housing demand and housing need is 

important. The need is based on numbers of people needing housing, the demand is 

based on the ability and willingness to pay for it. The last is often extremely difficult 

to determine. The demand is also affected by income and cultural preferences which 

fundamentally influence housing consumer’s behaviour, which can be defined by 

what individuals, are actually looking for in terms of housing quality and price, 

location, and what they are prepared or able to pay for. This is directly influenced by 

the purchase power, the available income and the amount committed to housing as 

part of household monthly recurrent expenditures.  

Inadequate housing policies have led to well-known problems such as an over 

housing stocks coexisting with an increasing population of homeless persons and 

families. It is important to admit that citizen’s participation in housing policies could 

help to disclose bottlenecks, identify gaps and opportunities in the housing sector to 

prevent the housing market from working properly. 

In fact, it can be said that now a days, in most European countries, Housing has 

simply evaporated as a political issue. However, housing problems are far more 

central to the lives of citizens and their quality of life. It is important to enable 

housing provision through various forms and typologies that go beyond the former 

predominant state provision models. In FUPOL it is envisaged to develop a MAS 

causal model to embark citizens on a refurbishment program to improve the quality 
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of life in the existing housing stock, particularly in the multi-family high-rise stock, 

improve energy efficiency, promote green building practices, a young housing 

program and rebuild institutions and the regulatory frameworks.  

To foster citizen discussions about how housing is used and what it means to those 

who reside in it, the FUPOL model will stress the six features that identify housing as 

a unique commodity: 

 The stock of housing is heterogeneous: dwellings differ in size, location, age, 
floor plan, interior features, and utilities.  

 Housing is immobile: it is impractical to move dwellings from one location to 
another.  

 Housing is durable: if properly maintained, a dwelling can be used for several 
decades.  

 Housing is expensive: to purchase a dwelling, the typical household must 
borrow a large sum of money.  

 Moving costs are relatively high: in addition to the substantial monetary cost 
of moving, there are also costs associated with leaving the old neighbourhood, 
with its schools, stores, and friends behind.  

 Some people care about the racial and ethnic background of their neighbours, 
leading to racial discrimination and segregation. 

The MAS micro level description model will develop agents to represent citizens with 

certain income and cultural preferences in order to evaluate what individual citizens 

are actually looking for in terms of housing quality and price, location, and what they 

are prepared or able to pay. As innovative aspect, agents will consider also the 

sustainability of their decisions regarding the patterns of urbanization, dealing in this 

way with a compact city model including housing typology approaches such as the 

role of housing in producing smaller plots, higher floor area ratios, multi-storied and 

multifamily housing, higher density residential environments, mixed land uses and 

more concentration of economic activities in line with economies of scale. 

3.5.5.1 Youth Housing Regeneration Model 

According to pilot’s interest and considering the size of the youth constituency, as 

well as the changing trends of culture and social habits in many countries, a first 

generic model will be developed oriented to foster youth e-participation in defining 

urbanization services. Population pyramids and age dispersion diagrams show highly 

skewed distribution with the rising youth ‘bulge’ increasing. Youth are adversely 
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affected by housing shortages, discrimination in their access to rental housing, 

limited access to housing finance solutions, and shortcomings in the governmental 

housing policy framework.  

Demographically speaking, the youth represents a significant part of the 

economically active population, a young labour force but this is not translated into 

the process of housing policy formulation and implementation. Often neglected, the 

housing market offers single young people or young couples (with or without 

children) very few options to access affordable housing solutions. Financial 

institutions and other lending entities should better understand the challenges facing 

youth and assist their housing needs by developing appropriate loan packages. 

Policies should address the challenges faced by young people in their access to rental 

housing (public subsidies, rental market regulations, incentives for land lords).  

Agents will consider the promotion of diversity of housing typologies, size, location 

and prices so that young people can access housing and get opportunities to leave 

their parents’ home and achieve emancipation as urban citizens.  

The proposed FUPOL causal model could contribute youth pioneering new 

approaches to housing and act as agents of change in neighbourhoods that were not 

attractive to higher income market segments. New trends are emerging from 

countries where the youth population is increasing, that are (typically) moving from 

more traditional societies towards variations of modernity. These trends are often, 

but not always, illustrated in changing ages for marriage, higher educational 

attainments of young people, less dependency on parents for survival, changing 

trends concerning young people preferring economic and physical independence 

from their parents (and at an earlier age), smaller family sizes and less 

intergenerational co-habitation, youth migrating to cities to look for job opportunities 

and their access to housing is another trend and a major issue.  

These trends have direct and indirect impact on housing needs and housing provision 

in the urban context. For example the early seeking of independent housing by 

young couples with fewer children and less intergenerational co-habitation directly 

translates into a higher need for housing.  

The objective of the simulation model will be to obtain the urbanization pattern that 

could fit young citizen profiles (i.e. Needs, preferences and capacities). The 
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urbanization pattern will be described by the availability of infrastructures and 

services distributed in the area under study. 

The main actors that should be modelled to predict the acceptability of a housing 

proposal for young people are: 

 

 Set of Facilities: Different positioned agents will represent the comfort aspects 
that have a positive influence in the quality of live but a penalty on the price 
of the renting or owning a house. Some agents will be implemented to 
describe public transport facilities, roads, pavements, street lighting, market 
areas, commercial areas, TV networks and  fibre optic cables facilities among 
others facilities. The different plots of the area under study will be described 
by the accessibility to these infrastructures. 
 

 Set of Citizens: Agents will evaluate the adequacy of house supplies to the 
needs on privacy, space, security, natural lighting, heating and ventilation, 
environmental quality and health related factors, accessibility with regard to 
work and basic facilities. All these needs will be weighted by the particular 
characteristics defining each citizen (only young population will be considered 
in this initial model) considering an affordable cost related to the family 
incomes.  

 Set of trade-off rules: Compact city models looks for infrastructure 
sustainability by concentration of economic activities in line with economies of 
scale, but unbecoming some quality factors, such as space, privacy among 
others. These agents will introduce constraints in the citizen’s agents to 
guarantee economical sustainability. Thus, trade-off rules could force some 
options such as agents arrangements living in the same dwelling and sharing 
meals, housekeeping, budget and other essentials. 

Boundary Conditions: There are several external factors that could affect the decision 

making of the agents, such as the prospect for gradual development, expectations 

regarding labour mobility, expected level of immigration in the area, income rate 

fluctuation among others. These variables could influence the perception of the 

young people within an area and the correspondent discussion could lead into a 

different outcome which could be evaluated through the simulation model. Boundary 

conditions will specify also the initial conditions for the simulation, providing data 

related to the housing stock, population number, demand of new houses, households 

income and employment. 
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The model will consider that the basic infrastructure is always guaranteed: potable 

water supply, sanitation and sewerage systems, drainage, electricity, solid waste 

collection, and waste water collection. For developing countries, these boundary 

conditions should be properly updated according to the real urban context. 

3.5.5.2 Coloured Petri Net Model Description 

The description of the causality of the different agent decision making will be defined 

using the CPN modelling formalism. With the use of the CPN causal models, a 

pattern urbanization could be achieved in which infrastructure and services will be 

placed according to young affordable cost taking into account not only the 

characteristics of each agent, but also the critical amount of people to support the 

cost.  

 Citizen Agents. The attributes or characteristics of the different citizen agents 

can be described by the colours of the tokens that flow through the model. In 

the next table, the attributes are presented for the following colour set: 

 

Cz=product:Age*Ec*CsKids*CultL*Mob*Work*X*Y*Opt*Emp*Int*Af*Own*NS

A*Q 
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Table 18: Colour Description of Citizens 

Colour Meaning 
Age Age of the citizen: most urban policies are highly 

dependent of the population age of citizens that 
will be affected. Age diversity usually is a 
problem when trying to devise the benefits a 
certain urban policy 

Ec Economical incomes rate: It takes a value 
between 0% to 100%. 0% means unemployed 
without subsistence. 100% means a well 
standing economical position. This information is 
highly relevant to simulate the economic impact 
of urban policies. 

CS Civil state: living alone (0), a couple (1), with 
kids (2). 

Kids Amount of kids: this information is important to 
evaluate the social impact of urban policies. 

CultL Cultural level: A value between 1 (no studies) 
until 5 ( PhD level). This information is useful 
not only to evaluate the impact of a policy, but 
also to describe how his affinities can affect or 
can be influenced by their neighbourhood ´s 
opinions. 

Mob Mobility: Describes the preferences of the urban 
population to access places (working, leisure, 
shopping, etc.). It is parameterized using 5 
values: 1 – Car, 2 – Public urban transport 
(bus/subway),  3 – Public regional transport 
(train/buses), 4.- Alternative transport means 
(cycle / by food) 

Work Work place: A discrete value indicating the 
amount of zones to travel to reach its working 
company. In this example binary information is 
used indicating if the work place is in the area of 
the study. 

X Vector information (x coordinate with respect to 
a reference coordinate) which is used to 
determine the best place where the housing 
type could be located 

Y Vector information (y) coordinate with respect to 
a reference coordinate) which is used to 
determine the best place where the housing 
type could be located 

Opt Option: Rental (0) versus Owning (1) 
preferences 

Emp Employment: Temporal contract (0) versus Fix 
contract (1) 
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Int Interest to fix the residence in this area (0), or it 
is considered a transitory destination (1) 

Af Affordability: Maximum Ec rate to be deployed in 
housing 

NSA Neighbourhoods Services and Amenities : 
Interest (from 0% to 100%) to spend the free 
time in the neighbour area 

Q Quality: Interest (from 0% to 100%) to prioritize 
the quality of life (housing space) with respect 
to facilities.  

TOA Trade-off affinity: the value identifies the trade-
off agent which better fits the citizen agent 
expectations. 0 value means not computed yet, 
while 1000 means no one of the proposed trade-
off fits the citizen profile. 

 

 

 Facilities Agents. The attributes or characteristics of the different facility 

agents can be described by the colours of the tokens that flow through the 

model. In the next table, the attributes are presented for the following colour 

set: 

Fc=product PTF*Rd*PV*StrL*MK*CM*Zone 

 

Table 19: Colour Description of Facilities 

Colour Meaning 
PTF Public Transport Facilities 
Rd Roads 
PV Pavements 
StrL Streetlighting 
MK Market Area 
CM Commercial Area 
Zone Zone identifier 

 

 

 Trade-off Agents. These agents represent the different rules to support a 

sustainable approach. The attributes or characteristics of the different facility 

agents can be described by the colours of the tokens that flow through the 

model. In the next table, the attributes are presented for the following colour 

set: 
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TO=product:Age*Ec*CsKids*CultL*Mob*Work*X*Y*Opt*Emp*Int*Af*Own*N

SA*Q 

 

Table 20: Colour Description of Trade-off agents 

Colour Meaning 
id Identifier of the token 
SxF Trade-off between space shelter and 

accessibility to Public Transport Facilities 
preserving costs. Value from 0 to 10 meaning 0 
high preference for space and 10 high 
preference for proximity to Public Transport 
Facilities 

SxR Trade-off between space shelter and 
accessibility to communication roads preserving 
costs. Value from 0 to 10 meaning 0 high 
preference for space and 10 high preference for 
proximity to communication roads 

SxPV Trade-off between space shelter and good 
urbanization pavements preserving costs. Value 
from 0 to 10 meaning 0 high preference for 
space and 10 high preference for good 
urbanization pavements 

SxStrL Trade-off between space shelter and good 
urbanization street lighting preserving costs. 
Value from 0 to 10 meaning 0 high preference 
for space and 10 high preference for 
urbanization street lighting. 

SxMK Trade-off between space shelter and proximity 
to a Market Area preserving costs. Value from 0 
to 10 meaning 0 high preference for space and 
10 high preferences for proximity to a Market 
Area. 

SxCM Trade-off between space shelter and proximity 
to a Commercial Area preserving costs. Value 
from 0 to 10 meaning 0 high preference for 
space and 10 high preference for proximity to a 
Commercial Area 

cc Counter used to compute the amount of citizens 
with a high affinity to the trade-off values of the 
token. 

 

Citizen agents will try to evaluate the best housing option according to their needs 

and their preferences constrained to their capacities. Thus, agents with the same 

profile will try to interact to determine if it is possible to reach a minimum critical 
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mass of population to support a certain type of accommodation. Interaction between 

agents will allow finding clusters of citizens that could adapt their original 

expectations to fit real market conditions.  

 

The interaction between citizen agents with infrastructure agents will allow to 

determine the area (x,y coordinates) in which the housing could be located. This 

interaction will allow also an adaptability of the infrastructure agents according to the 

citizen agent needs and preferences.  

 

The interaction between infrastructure agents and trade-off agents will design the 

sustainable urbanization pattern, in such a way that some facilities and services will 

be fostered in some key areas (according to the citizens agents profiles) while others 

will be rejected. 

 

In order to simulate the urbanization pattern that could fulfil youth people 

expectations according to a certain time horizon, some citizen attribute information 

can change on a time based mechanism according to the boundary conditions. Thus, 

a prediction of an economic crisis in a certain sector (i.e. Tourism, steel companies, 

etc.) could affect the Ec, Affordability and Work colours. 

Figure 72 illustrates the CPN model of the transition that evaluates the affinity 

between citizens.  
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Figure 72: Affinity evaluation between citizens 

 

The arc expressions are specified in the next table. 
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Table 21: Arc expressions of the affinity model 

Arc: Place  Transition Arc Expression

Citizen  Area‐affinity 1`(Age,Ec,CS,Kids,CultL,Mob,Work,X,Y,Opt,Emp,IInt,Af,NS

A,Q,0) 

Area‐affinity  Citizen 1`(Age,Ec,CS,Kids,CultL,Mob,Work,X,Y,Opt,Emp,IInt,Af,NS

A,Q,id) 

TO  Area‐affinity 1`(id,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,cc)

Area‐affinity  TO 1`(id,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,cc+1) 

Citizen  New‐affinity 1`(Age,Ec,CS,Kids,CultL,Mob,Work,X,Y,Opt,Emp,IInt,Af,NS

A,Q,0) 

New‐affinity  Citizen 1`(Age,Ec,CS,Kids,CultL,Mob,Work,X,Y,Opt,Emp,IInt,Af,NS

A,Q,id) 

TO  New‐Affinity 1`(id1,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,cc)

New‐Affinity  TO 1`(id1,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,0)++ 

1`(id,SxF+F1(Age,Kids),SxR+F2(Age,Mob),SxPV+F3(Q,NSA),

SxStrL+F4(Q,NSA),SxMK+F5(Ec,CS),SxCM+F6(Ec,Kids),cc) 

G  New‐Affinity 1`(id) 

New‐Affinity ‐> G 1`(id+1)

 

Place node TO represents the initial trade-off that the decision makers would like to 

foster in the design of housing specifications in the area under study. Thus, the initial 

condition of place node TO consists of the 6 Tokens: 

 

 

 

The second token (id color = 2) identifies these areas in which households prefers 

dwelling space against any service, infrastructure or environmental aspect. Token 

with id = 3 identifies these areas in which households do not bother about the 
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dwelling space, they prefer better facilities, services and environmental aspect in the 

area where they live. This last token could represent those young people which 

accept living in the same dwelling and sharing meals, housekeeping, budget and 

other essentials. 

The area-affinity transition is fired when the citizen preferences fit somehow with a 

trade-off dwelling. The affinity between the citizen profiles with the trade-off dwelling 

is evaluated using the function trof which computes a normalized weighted similarity 

between different citizen and trade-off colours. This evaluation is performed as a 

guard of the transition: 

 

[trof(SxF,SxR,SxPV,SxStrL,SxMK,SxCM,Ec,CS,Kids,Af,NSA,Q)>1] 

 

When the normalized weighted similarity is higher than 1 the transition is fired and 

the citizen identifies the chosen trade-off token in the colour TOA (i.e. last colour of 

citizen token is set to id colour of TO token). On the other hand, the TO token 

increments by 1 the amount of young profiles that fits the trade-off values. 

The new-affinity transition is fired only for those citizen profiles that do not match 

any of the trade-off proposed but are quite close to someone else. The affinity 

between the citizen profiles with the trade-off dwelling is evaluated using the same 

trof function. This evaluation is performed as a guard of the transition: 

 

[trof(SxF,SxR,SxPV,SxStrL,SxMK,SxCM,Ec,CS,Kids,Af,NSA,Q)<=1 andalso 
trof(SxF,SxR,SxPV,SxStrL,SxMK,SxCM,Ec,CS,Kids,Af,NSA,Q) > 0] 
 
 
When the normalized weighted similarity is within the interval [1..0] the transition is 

fired and a new trade-off is generated as a modification of the citizen identifying the 

trade-off token with higher affinity to citizen profile. The TO token colour 

modifications are computed using functions F1 .. F6 which somehow try to define the 

new colour value according to distance functions. 

This transition, once modelled under a MAS approach, will allow end-users of the 

simulation environment to specify the type of urbanization they would like to 

implement, but with small modifications to fit different citizen needs and preferences. 
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In case the specified trade-off initial conditions do not fit some citizen’s expectations, 

a subset with those citizens will be easily identified and the end-user will be able to 

introduce new trade-off options and execute again the simulation.  

Figure 73 illustrates the CPN model of the transition that evaluates the amount and 

type of zones that should be placed in the urbanization pattern. 

 

 

Figure 73: Transition for evaluating the zone typing 

 

The arc expressions are specified in the next table 

Table 22: Arc expressions for the zone typing transition 

Arc: Place  Transition Arc Expression

TO  Zones 1`(id1,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,cc)

Zones  TO 1`(id1,SxF,SxR,SxPV,SxStrL,SxMK,SxCM,cc‐1000) 

Zones  FC 1`(Fc1(SxF),Fc2(SxR),Fc3(SxPV),Fc4(SxStrL),Fc5(SxMK),Fc6(

SxCM),id) 

G  Zones 1`(id) 

Zones  G 1`(id+1)

 

Tokens generated in place node FC represent the zones that should be designed to 

satisfy the needs and preferences of a subset of the young population under study in 

a certain area.  
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The Zones transition is fired to generate a zone with services, facilities and 

environmental quality that fits a group of 1000 citizens. Thus, firing the transition 

decreases by 1000 the amount of young agents that expressed a certain affinity in a 

cluster. The characteristics of the zone are computed using Fc1 to Fc6 functions 

which consider not only the preferences specified in the trade-off but also the 

boundary conditions in which compact sustainability city constraints are specified 

with population requirements that do not fit in the youth set under study.  

Further research on the design and implementation of the external functions F1..F6, 

Fc1..Fc6, trof will be required once the first prototype of this generic causal model is 

implemented in a MAS platform. These functions will play a key role in the validation 

of the model to fit the results of the simulation with the real data collected in a pilot 

experiment. 
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3.6 Edgeland Industrialization Generic Modelling 

This subsection presents the first approach to a generic causal model for what has 

been called the Edgeland. This first approach is discussed and the requirements and 

characteristics of the simulation models are presented. Also there is presented the 

causal CPN models that can be used under the MAS framework for the modelling and 

analysis of the Edgeland industrialization, which has been claimed as a priority issue 

for the city of Barnsley. 

3.6.1 Introduction 

The definition of Edgeland can be defined by most academics as “The interfacial 

zone between urban and rural". TheEdgelandis the debatable space where city and 

countryside fray into one another. They comprise jittery, jumbled, broken ground: 

brownfield sites and utilities infrastructure, crackling substations and pallet depots, 

transit hubs and sewage farms, scrub forests and sluggish canals, allotments and 

retail parks, slackened regulatory frameworks and guerrilla ecologies. All these 

heterogeneous elements usually are arranged in an unruly and often apparently 

chaotic fashion, however nowadays, these zones have expanded vastly in area, 

complexity and singularity. Huge numbers of people now spend much of their time 

living, working or moving within or through it therefore for some communities the 

proper management of the Edgeland is a priority issue which needs from the proper 

management tools to analyse, identify and solve present and future problems that 

emerge within these areas.  

Unfortunately public authorities tend to have a passive or negligent attitude towards 

these interfacial areas. Sometimes these areas are so little acknowledged that they 

have not even been given distinctive names. Planning authorities pay much less 

attention to the detailed planning of these areas than they do to that of either town 

or country. Instead, they continue to allow the interface to be shaped largely by the 

planning applications that happen to come in, rather than by proactive planning with 

the use of instruments such as compulsory purchase and town plans to assert a 

public realm. Despite this lack of interest in properly planning the urban—rural 

interface, much of our current environmental change, and in particular the 
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development of large-scale retail, business and industrial premises, is taking place in 

these Edgeland zones. 

Despite the apparently chaotic evolution of this land, in these areas there appear 

several interests that range from social to economic and political ones which 

sometimes converge and a potential problem emerges. For example developers like 

these areas because it is usually greenfield, and therefore free of existing buildings 

or noxious waste, and yet it is close to urban areas, moreover the government 

impose fewer conditions or restrictions for the design of buildings in those areas 

which is a clear competitive advantage for urban projects; local farmers have been 

traditionally performed their economic activity in these lands and are not willing to 

move to another area to the benefit of others. Sometimes even the government is 

interested in these kind of areas because it easier to develop projects or facilities in 

areas where it is easy to envisage the potential benefit for the communities. Since 

the communities that interact within these kinds of areas are very heterogeneous, it 

is important to develop decision support tools that help decision makers, such as 

councillors, city staff and citizens, to evaluate and analyse the potential problems and 

solutions that can emerge with the actions taken by different stakeholders within 

these areas. The model proposed by FUPOL is the first step that aims to a robust 

decision support tool that takes into account all the complexity, interactions and 

causal relationships that appear between the agents that belong and have interests 

in the Edgeland area. 

 

3.6.2 Main actors involved in the Edgeland domain 

The edgeland-city links presents particular attributes that will be implemented in the 

agents, constituting a system affected by similar processes to those which take place 

in the expansion of ‘agrarian frontiers’, such as: 

• Increasing pressure over the biophysical support reflected, for example, in 
the replacement of natural or semi-natural soil and vegetation with artificial 
impermeable surfaces, and the routing of rainwater along drains and 
sewers altering natural hydrological networks; 

• Urban expansion resulting in new economic opportunities, such as land 
speculation, but often at the expense of high environmental costs, due to 
the lessening or cancellation of essential ecological functions such as the 
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recycling of nutrients, replenishment of aquifers, absorption of pollutants, 
etc.; 

• Emergence of informal activities; 
• New conflicts emerging among numerous actors who exert pressure over 

the access of others to the use and appropriation of environmental 
resources; 

• Land use changes in the edgeland are often driven by decisions taken 
outside the system; 

• Traditional productive activities are wiped out, affecting the livelihoods of 
the poorest; 

• Household livelihood strategies of low-income groups tend to be 
characterised by a mix of natural and non-natural resource based activities 
and by relationships of mutual exchange and support between rural and 
urban communities. 

The boundary conditions will consider the hinterland of the edgeland, describing 

mainly those challenges that could affect the Edgeland-City link, such as: 

 External challenges namely, perceptions of the hinterland, reputation, 
economic factors, social issues and workforce issues. 

The previous characteristics are going to be faced with the initial development of 5 
types of abstract agents which will interact under the MAS framework and that can 
be refined when the implementation has taken place in the pilot cases: 

 Labour Shift Agent (LS): This agent will evaluate the different labour markets 
in order to evaluate the shifts that take place within a particular area. 

 Retail Shift Agent (RS): This agent will evaluate the market within the area for 
the potential installation of retail facility taking into account the potential 
customers, the retail sector, the access to the zone. 

 Services Shift (SS): This agent will interact with other agents to identify areas 
with potential for service shift or improvement depending also on which 
service sector. It is remarkable to mention that this agent can model and 
simulate several services within the area. 

 Citizens Shift (Cz): These agents will simulate the people within the area 

taking into account some of their characteristics such as age, income, etc. 

 Neighbourhood Shift (NS): These agents will simulate the kind of 

neighbourhood that will evolve within the area based on the decisions taken, 

services established, and facilities available within the area. 

 



 

224 

Since the objective of the FUPOL project is the participation of actors, some 

conditions must be defined through the participation of stakeholders using the 

FUPOL tool, some of the boundary conditions that are required to run a simulation 

are:  

 Inter-industry transactions. 
 Commodity purchases by the Edgeland industry. 
 Final Demand for services 
 Export commodity disbursements to downtown destinations.  
 Inter-institutional income flows for individual downtown business. 

 

3.6.3 Generic CPN Edgeland Model 

Future edgeland development in Barnsley will involve an increasingly active public 

sector, not only in the operation and maintenance of the existing infrastructure, but 

also in providing essential public services relating to research, education and training.  

One of the innovative aspects of the causal model is the estimation of how benefits 

of industrialization of an edgeland will extend to all areas of the City in the form of 

new businesses and jobs, new residents, increased spending by visitors, and 

increased tax revenue. Causal analysis is of particular interest because of the 

difficulties to quantify the socioeconomic impact of the edgeland in downtown in 

aspects such as the improved image within the region and beyond, the increased 

sense of pride in residents of the City, the reduction in crimes and poverty and the 

image of the City as a tourist destination. 

The model will focus on the sustained impacts such as new businesses, residents, 

and visitors instead of the one-time construction impacts such as the need for 

professional services such as architecture and engineering services, suppliers to the 

construction sites, and food and retail services to fulfil the needs of the newly 

employed. 

The ripple effects of the sustained benefits in downtown development will be 

estimated by modelling what could happen as a result of the edgeland investment. 

For example, the direct effect of the new edgeland construction project is the money 

spent on the construction of building by construction companies. This spending will 

result in an increase in demand for architecture and engineering services and truck 
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transportation. For the sustained impact what it is expected is that the industry 

workers will spend some of their income in area businesses such as restaurants, 

hospitals, and retail stores. The increased demand for supporting companies and the 

increased spending by workers are the estimated ripple effects.  

Although population growth and an enhanced quality of life can be attributed to the 

new investments, the precise amount of population growth and reduction in poverty 

that resulted because of the edgeland investments cannot be determined. However, 

the causal model can be used to estimate the sustained impacts after the 

construction is complete in different areas such as: Education and Health, Finance, 

Information, Leisure, Manufacturing, Professional and Business Services, Retail 

Trade, Transportation, Warehousing, Utility, Wholesale Trade, Banking and 

Insurance among others. 

It is proposed to develop the next 5 agents to evaluate and assess the impact of an 
edgeland industry in the downtown economy:  
 
Labour Shift Agent (LS): It is important to predict the downtown shiftings in 

education, training and research facilities due to its proximity to labour and other 

production requirements. Downtown educational opportunities address the need to 

find new ways to involve neighbourhood residents in the transforming economy. In 

the next table, the attributes are presented for the following colour set: 

LSA=product: id*PL1*PL2*PL3*PL4*cc 

 

Table 23: Attributes for LS agent 

Colour Meaning 
id Identifier of the token 
PL1 Profile Level 1: Indirect labour market, 

characterized by low cultural and skill level, such 
as transportation. 

PL2 Profile Level 2: Direct labour market, 
characterized by low cultural and skill level. 

PL3 Profile Level 3: Direct labour market, 
characterized by certain hard and soft skill level. 

PL4 Profile Level 4: Direct labour market, 
characterized by high cultural and skill level. 

cc Counter used to compute the amount of citizens 
with a high affinity to the labour profile. 
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Retail Shift Agent (RS): It is important to predict the impact of restoring the 

downtown retail area for an expanding residential, workforce, and visitor. The 

vibrancy of downtown retail will depend on a growing residential population and 

offering a diverse range of options and activities to those who live, work and seek 

entertainment in downtown, including entertainment, dining and specialty retailers 

and overcoming barriers such as eliminating parking requirements where 

appropriate, or create a free fare zone within Downtown. 

In the Table 24, the attributes are presented for the following colour set: 

RSA=product: id*RS*RSR*PC*Mob*Z*cc 

 

Table 24: Attributes of RS agent 

Colour Meaning 
id Identifier of the token 
RS Retail sector 
RSR Retail Shift required 
PC Potential amount of customers that can use the 

retail services.  
Mob Mobility difficulties to reach the retail. 
Z Zone in which the retail is placed 
cc Counter used to compute the amount of citizens 

that will use the retail services. 
 

 

Services Shift (SS): To foster the expected downtown improvements in small- and 

medium-sized businesses, it is important to simulate the impact of how to cultivate 

new business, support start-ups, sponsor small business conferences, overcoming 

barriers such as childcare or regulation changes to improve taxi service, especially for 

short-distance trips in the downtown area. 

In Table 25, the attributes are presented for the following colour set: 

SSA=product: id*SS*SSR*PC*Mob*Z*cc 
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Table 25: Attributes of SS agent 

Colour Meaning 
id Identifier of the token 
SS Service sector 
SSR Service Shift required 
PC Potential amount of customers that can use the 

services.  
Mob Mobility difficulties to use the service. 
Z Zone in which the service is placed 
cc Counter used to compute the amount of citizens 

that will use the services. 
 

 

Citizens Shift (Cz): In an era of decreasing resources and increasingly consumptive 

lifestyles, transportation alternatives will provide competitive advantages for urban 

centres. The development of both FasTracks and a complementary local transit 

system will make transit-based living possible in downtown. The model should 

address potential conflicts between pedestrians, cyclists, motorists and transit 

vehicles, by actions such as car sharing services or expand bus connections between 

downtown and adjacent neighbourhoods or re-considering transit stops and stations 

asappropriate locations for nodes of higher intensity uses. 

In Table 26, the attributes are presented for the following colour set: 

CSA=product: Age*Ec*CS*Kids*CultL*Mob*Work*Z*NSA 
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Table 26: Attributes of Cz agent 

 

Colour Meaning 
Age Age of the citizen: The capacity to adapt 

education skills to new labour skills depends on 
the age of the individuals. 

Ec Economical incomes rate: It takes a value 
between 0% to 100%. 0% means unemployed 
without subsistence. 100% means a well 
standing economical position. This information is 
highly relevant to simulate the potential re-
education of the citizen to find a new job in the 
edgeland, and the economic impact on 
downtown commerce. 

CS Civil state: living alone (0), a couple (1), with 
kids (2). 

Kids Amount of kids: this information is important to 
evaluate the educational impact in case the 
individual becomes a new resident. 

CultL Cultural level: A value between 1 (no studies) 
until 5 (PhD level).  

Mob Mobility: Describes the preferences of the urban 
population to access places (working, leisure, 
shopping, etc.). It is parameterized using 5 
values: 1 – Car, 2 – Public urban transport 
(bus/subway),  3 – Public regional transport 
(train/buses), 4.- Alternative transport means 
(cycle / by food) 

Work Work place: A discrete value indicating if their 
actual work is downtown (0) or out of this area 
(1).  

Z Zone in which the citizen lives.  
NSA Neighbourhoods Services and Amenities : 

Interest (from 0% to 100%) to spend the free 
time in the zone area 

 

Neighbourhood Shift (NS): Neighbourhoods compete with suburban neighbourhoods 

for the downtown commuting work force. The strength and success of the 

competition depends on access to and quality of essential public and private services 

and facilities in each of the neighbourhoods. Additional criteria for choosing among 

development options must be included that are unique to 
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neighbourhooddevelopment, including a wider range of choice in housing values and 

improved access to education and training.  

In the next table, the attributes are presented for the following colour set: 

NSA=product: id*ES*LS*RS*Mob*Z*cc 

 

Table 27: Attributes of NS agent 

Colour Meaning 
id Identifier of the token 
ES Education Services in the Zone 
LS Leisure Services in the Zone 
RS Retail Services in the Zone 
Mob Mobility facilities in the zone 
Z Zone in which the neighbourhood is placed 
cc Counter used to compute the amount of 

potential new residents interested to find a 
house in the zone.  

 

 

Given the perceived role of the edgeland in the effects of changes in household 

purchases, education and other exogenous variables on the local economy, some 

boundary conditions data are required to run a simulation:  

1. Detailed interindustry transactions tables representing industry purchases and 
disbursements for individual downtown business. 

2. Detailed commodity purchases by the edgeland industry and final demand 
sectors. 

3. Detailed export commodity disbursements to downtown destination  
4. Interinstitutional income flows for individual downtown business 

 

Among the critical services affecting the competitive position of neighbourhoods as 

places of residence are education and training resources, which are of two-fold 

concern in its future growth and development. They help facilitate the entry of new 

workers and the re-entry of displaced and dislocated workers into the active work 

force. They also provide convenient access to cultural, recreational and personal 

development opportunities for the resident population. 
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As the neighbourhoods succeed in efforts to improve quality of life, more of the 

downtown work force may be attracted to these neighbourhoods as a place to live, 

work, play, visit and learn. 

Conversely, if neighbourhoods deteriorate, the downtown work force may be faced 

with the prospect of increased crime and lessened access to downtown shopping and 

cultural attractions. 

The interaction between NS agents with SS and RS agents will allow to determine 

the potential of each zone to attract a new resident that has found a job in the new 

edgeland place company. Next Figure illustrates the CPN model of the transition that 

evaluates the affinity of placing a new retail and a new service in a certain zone. 

Tokens in Node SS represent all the services that have been planned to provide a 

certain quality factor to downtown residents and workers of the edgeland company. 

Tokens in Node RS represent all the retail that has been planned to provide a certain 

quality factor to downtown residents and workers of the edgeland company. Tokens 

in Node NS represent the different zones in which downtown area has been 

segmented.  

The NewSR transition try to distribute the estimated retails and services to the 

different zones under study according to certain affinity parameters that are 

evaluated using an external function EXB. Affinity parameters can be understood as 

kinder garden services in a zone with residents with kids for example. 

 

 

Figure 74: transition for retail and service distribution 
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The arc expressions are specified in Table 28. 

 

Table 28: Arc description for the retail and service distribution 

Arc: Place  Transition Arc Expression

SS  NewSR 1`(id2,SS,SSR,PC2,Mob2,0,cc2)

NewSR  SS 1`(id2,SS,SSR,PC2,Mob2,Z,cc2)

RS  NewSR 1`(id1,RS1,RSR,PC,Mob1,0,cc1)

NewSR  RS 1`(id1,RS1,RSR,PC,Mob1,Z,cc1)

NS  NewSR 1`(id,ES,RS,Mob,Z,cc)

NewSR  NS 1`(id,ES+1,RS+1,Mob,Z,cc)

 

Nodes SS and RS should be initialized with tokens representing services and retails 

planned, while node NS should be initialized with tokens defining the zones. 

Next Figure illustrates the CPN model of the transition that evaluates the Service and 

Retail shifting in a certain zone. The AdaptSRtransition tries to estimate the potential 

of a service and retail in a zone to invest in order to adapt the business to new 

resident demands (external function Ex). 

 

 

Figure 75: Service and retail shifting 
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The arc expressions are specified in the next table. 

 

Table 29: Arc expressions for the service and retail shifting 

Arc: Place  Transition Arc Expression

SS  AdaptSR 1`(id2,SS,SSR,PC2,Mob2,Z,cc2)

AdaptSR  SS 1`(id2,SS,0,PC2,Mob2,Z,cc2)

RS  AdaptSR 1`(id1,RS1,RSR,PC,Mob1,Z,cc1)

AdaptSR  RS 1`(id1,RS1,0,PC,Mob1,Z,cc1)

NS  AdaptSR 1`(id,ES,RS,Mob,Z,cc)

AdaptSR  NS 1`(id,ES+1,RS+1,Mob,Z,cc)

 

Figure 76illustrates the CPN model of the transition that evaluates the affinity of a 

citizen to become a new resident in a certain downtown zone. The NewResident 

transition tries to estimate the potential of a zone to attract a new resident (external 

function Pr). 

 

 

Figure 76: citizen affinity 
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The arc expressions are specified in the next table 

 

Table 30: Arc expressions for the citizen affinity 

Arc: Place  Transition Arc Expression

Cz  NewResident 1`(Age,Ec,CS,Kids,CultL,Mobb,1,0,NSA)

NewResident  CZ 1`(Age,Ec,CS,Kids,CultL,Mobb,0,Z,NSA)

NS  NewResident   1`(id,ES,RS,Mob,Z,cc)

NewResident  NS 1`(id,ES+1,RS+1,Mob,Z,cc)

 

While education and training are commonly viewed as "investment in the citizen 

agent", they also can be viewed as "personal consumption" that becomes a measure 

of the "quality of life" of a neighbourhood. The function Pr in the interaction between 

LS agents with CS tries to evaluate the quality of life in a neighbourhood which is 

most often perceived in the context of residential and family values and goals, with 

emphasis on the consumption of goods and services rather than their production. 
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3.7 Generic Modelling for Segregation/Inclusion 

This section discusses the future development of a causal modelling for 

segregation/inclusion. This domain is of particular interest in developing societies 

where the phenomenon of segregation is causing social problems therefore 

becoming of particular interest for local and international governments. Different 

types of urban segregation can be considered, including income and racial or ethnical 

segregation, depending on the contextual mechanisms within a city. 

3.7.1 Introduction 

Urban segregation literally delivers the idea of distance or isolation among different 

social groups in an urban environment, and it represents a significant barrier for 

achieving social inclusion in cities. White (1983), based on the concept of “distance 

or isolation”, defines two types of segregation: sociological and geographical. 

Sociological segregation regards the lack of interaction among population groups, 

while geographical segregation focuses on the spatial separation among the groups. 

A high correlation is often found between these two types of segregation: physical 

separation can promote social distance, and vice versa. Extreme cases also exist, 

such as the caste system in India and the hacienda system in Latin America, showing 

a prevalence of strong social distances despite the spatial proximity of the different 

social groups (Rodríguez 2001; Sabatini et al. 2001). 

 

Urban segregation has different meanings and effects depending on the specific form 

and structure of the cities, as well as their cultural and historical context. Its 

categories depend on the criteria adopted for classifying social groups, such as 

income, class, race, migratory origin, or ethnicity. A crucial challenge for studying 

urban segregation lies in the fact that segregation is a complex system.  

 

Many literatures adopt the methodology of simulation intending to deliver a better 

calibration on this complex system. Feitosa (2010) proposes a model named MASUS 

(Multi-Agent Simulator for Urban Segregation), which provides a virtual laboratory for 

exploring theoretical issues and policy approaches concerning segregation. The 

MASUS model was first implemented for São José dos Campos in Brazil. These 



 

235 

models explore the impact of two mechanisms on segregation: income inequality and 

personal preferences. To test the impact of income inequality, scenarios considering 

different income distributions were simulated and compared. The results show how 

decreasing levels of income inequality promote the spatial integration of different 

social groups in the city. Income segregation negatively impacts urban populations 

by contributing to the social exclusion of disadvantaged groups. Areas of poverty 

concentration are often associated with poor quality of built and natural 

environments, higher exposure to violence and diseases, and other physical issues 

that impose difficulties on the daily lives of poor families. In addition, a lack of 

positive relations among different social groups can increase prejudice and territorial 

stigmatization and can keep disadvantaged people from societal participation, thus 

reducing their opportunities for jobs and skill improvement.  

Approaches to study the behaviour of social groups while selecting their residential 

location focus on at least four different yet interdependent mechanisms:  

 Personal preferences: This approach, focuses on personal preferences, foster 

segregation since people prefer to have neighbours similar to them (Schelling, 

1971).  

 Labour market: This approach proposes that the labour market and its socio-

economic impacts, such as social exclusion and inequality, are responsible for 

segregation and the precarious living conditions of poor families (Gerometta, 

Hausermann, & Longo, 2005). 

 Land and real estate markets: This approach focus on land and real estate 

markets, and it stresses how developers and their agents stimulate 

competition for housing. 

 State policies and investments: This approach stresses how the state permits 

segregation through its lack of action and promotes it through the unequal 

distribution of capital improvements, massive public housing projects, or 

regulatory devices such as exclusionary zoning. 

 

 

The objective of studying the urban segregation is not just to provide a better 

understanding of the dynamic of segregation and inclusion, but also to provide 
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reasonable analysis for policy decision making. Olima (2001) studied the case in city 

of Nairobi, with both planned formal developments and spontaneous development of 

privately developed informal settlements in the major urban centres. By adopting 

empirical evidence, documented secondary data, and experiences based on land 

market perspective to gain a deeper understanding of the forces (social, economic, 

racial or ethnic divides, legal, political and cultural) that have contributed to urban 

spatial segregation, they found evidence that sustaining urban spatial segregation in 

Nairobi has got negative externalities, particularly, in terms of the variations in the 

provision of environmental, infrastructural and community services. Both the formal 

and informal settlements have got diverse implications to the urban economy. The 

informal/unplanned settlements not only provide a place to live, they also offer 

income-generating opportunities and an entry point to the urban economy. However, 

there are surmountable obstacles and difficulties in attempting to eradicate urban 

spatial segregation. What needs to be done is the integration of various sectors into 

the urban planning program and development control mechanisms. The spatial 

segregation should be seen as a response to the social and economic needs of the 

community at a particular point in time, which involves the understanding of local 

needs and factors such as age, gender, socio-cultural and economic activities. 

 

3.7.2 Requirements for a Generic Model 

The MAS generic models that will be developed for this domain must take into 

account the most important factors that influence the evolution of segregation of 

social sectors or reinforce the problems of inclusion of social groups within a society.  

The first MAS model developed by Schelling (1971) inspired many other researchers, 

who have developed variations of the Schelling model by using alternative utility 

functions to include the following aspects: recognizing preferences for housing and 

neighbourhood quality (Fossett & Senft, 2004); adopting different notions of 

neighbourhoods (Fossett & Waren, 2005; Laurie & Jaggi, 2003; O’Sullivan, Macgill, & 

Yu, 2003); testing different multigroup situations (Clark & Fosset, 2008); adding 

game theory principles (Zhang, 2004); and using vector-based representations 

(Crooks, 2008).  
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 In FUPOL it is intended to develop a Multi Agent Simulation model to provide a 

virtual laboratory for exploring the impact of different mechanisms and policies on 

the emergence of segregation patterns and its dynamics. The FUPOL approach will 

use the FCM at macro level to identify the relationships of the actors within this 

domain, and also it will model at micro level the interactions of the different actors 

that participate in this domain. 

 

The different agents that will be specified with the CPN approach are the following. 

 

Citizen Agent. This agent must be described considering the following characteristics: 

 Income. Depending of the economic capacity the agent will behave in a 

particular way and the kind of interaction with the rest of the agents will vary. 

 Class. This attribute will help to establish an affinity relationship with other 

agents of its kind 

 Race. This attribute is also important to establish affinity relationships with its 

surrounding society. 

 Migratory origin. Another attribute that will foster the interaction with agents 

that comes from the same origin. 

 Ethnicity. This characteristic is also important to establish a living location and 

relationship with other agents that share the same ethnic origin. 

 

The conceptual simulation framework proposed in FUPOL will have three main 

components:  

 Urban population. It will be composed by aforementioned agents 

differentiated by their mentioned characteristics. The urban population will be 

characterized by spatial and no spatial attributes. . The spatial characteristics 

correspond to the residential location of agents belonging to different social 

groups, that is, the segregation pattern of the city. The non-spatial 

characteristics will correspond to the entire aggregation of agent attributes, 

such as the income and education levels of the population as a whole. 

 Urban landscape. The urban landscape will describe the environment where 

agents are placed and where they act. This environment provides a spatially 
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explicit context for the agents’ decisions about whether to move or remain in 

place. It will be composed by static agents that will simulate the land 

availability within a city or region. This urban landscape will be static in the 

sense that it will not move throughout the model, but it usage will change 

influenced by the dynamic agents and will be represented as a grid of patches 

with their own state and transitional dynamics. The main dynamics of the 

urban landscape system will be driven by the agent’s interaction considering: 

urban sprawl, dwelling offers, infrastructure quality, and land value. 

 Experimental factors. These factors will serve to analyse and evaluate some 

policies for this domain. The emergent behaviour can be analysed through 

analysis tools such as plot graphs, land-usability indicators among others. 

 

 Next Figure presents these components and their interrelations. 

 

Figure 77: The segregation/inclusion  MAS model 

 

At the macro-level of the system, the urban population emerges from the activities of 

agents over space and time and will be formalized in FCM. 

There will be also variables that will be specified by the stakeholders using the 

FUPOL tools. These variables called boundary conditions will represent exogenous 

parameters and input data that can be changed to test the impact of urban policies 
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toward segregation. These boundary conditions are still to be defined by experts and 

they will depend on the particular case of the pilot city or region. 

3.7.3 Nairobi Case 

In the developing countries such as Kenya, rapid urban growth due to both the 

natural population growth and rural urban migration has resulted in urban 

segregation and exerted too much pressure on provision of housing and related 

services. Olima (2001) studied the current situation of Nairobi city of both planned 

formal developments and spontaneous development of privately developed informal 

settlements in the major urban centres. 

 

The urban segregation in Nairobi can be traced back to the phase of colonization, 

and the early segregation is mainly racially orientated (De Souza, 1988). Resulted by 

multiple historical factors, currently over 60 percentage of the total population in 

Nairobi city lives in informal settlement. The number and size of informal settlements 

has continued to grow, despite the poor living conditions, numerous demolitions, 

fires and natural disasters. Paradoxically, demolitions have invariably led to the 

creation of new settlements and have only further accelerated the expansion of 

existing settlements. The development of new informal settlements evidences a high 

level of social organization, strong social networks and bonds of solidarity, and an 

outstanding degree and intensity of interpersonal relations. 

 

Considering the complex interactions between land and housing market as well as 

the legal, economic and cultural forces at play, the operations of the land markets, 

land use and land policy have played a significant role in creating and reinforcing 

segregation. Besides the eviction of squatters which sustain the spatial segregation 

of the low-income groups from the high and middle-income residential areas, some 

other mechanisms are also employed to create and enforce spatial segregation. For 

instance, setting land use standards that poor cannot meet.  

 

Like most other developing countries, the social polarization phenomenon presents 

the existence of a widening gap between the rich and the poor within a social entity 

in Kenya. The appearance of such social polarization has been encouraged by the 
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operations of the land markets and land policy which have resulted into distinct 

residential zones. The low-income group on specific locations and the high-income 

group on the other have created two new ends of the social ladder.  

 

Spatial segregation is a serious policy issue because of the complex interactions 

between land and housing markets on the one hand, and their connection to 

distribution and quality of local services on the other hand. The combination of 

residential segregation by either income or ethnic groups has resulted in systematic 

and uneven spatial distribution of public services including schools, access to 

transportation, health care, and water and sanitation. 

 

The government, local authority and other stakeholders have treated the two groups 

selectively in terms of services provision. The diverse residents thus receive 

preferential treatment due to their economic status. The sustaining urban spatial 

segregation in Nairobi has got negative externalities, particularly, in terms of the 

variations in the provision of environmental, infrastructural and community services. 

The integration of various sectors into the urban planning programme and 

development control mechanisms must be enforced. The spatial segregation should 

be seen as a response to the social and economic needs of the community at a 

particular point in time, which involves the understanding of local needs and factors 

such as age, gender, socio-cultural and economic activities. 

 

3.7.4 Future Developments for the Urban Segregation 

The case of urban segregation/inclusion has not been faced at this point. Some 

reasons must be exposed in order to clarify the causes: 

 The case of segregation/inclusion is of particular interest for the Pilot 

communities within the FUPOL project therefore it would be desirable to work 

on it from the beginning of the next deliverable. 

 It has been established contact with the UN-Habitat agency for the case of 

segregation/inclusion. The agency will provide accurate data to validate the 

developed models of segregation inclusion. 
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 The efforts spent in the development of the current domains have seized all 

the available resources therefore it has been unfeasible to dedicate the 

correspondent resources for such an important domain. 

 The next deliverable will cope with this problem by taking into account the 

developed methodology, therefore the learning curve for this domain will be 

shortened allowing the development team to have good models in reasonable 

time. 
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3.8 Sustainable Tourism Modelling 

The guidelines of the sustainable tourism are presented in the following subsection. 

In particular this domain has been claimed as a domain interest by some of the pilot 

cities. Since several decades ago tourism has become an important economic income 

for several communities in and out of Europe. Despite its importance, nowadays 

there is no decision support tool that helps the governments to cope with the 

emergent problems that tourism brings to local populations. 

3.8.1 Introduction 

 Some of typical problems that appear with tourism are pollution in its different 

forms, ecosystem degradation in rural communities with touristic attractions, 

increase of cost living, land use speculation among others. The lack of sustainability 

studies in the tourism sector in which the risks and the returns could be properly 

balanced has raised several citizen voices which see the continued growth of visitor 

numbers and tourism related infrastructure as prejudicing the core attractions of the 

region and the lifestyle of its residents. 

 Since the relationships that interact in the tourism domain are very complex and 

they interact in a non-linear manner, it is very difficult to predict the consequences of 

decisions regarding a system. Therefore the tourism sector should be seen as a 

complex system, in which a large range of activities and factors should be managed 

simultaneously for regional tourism to be successful and sustainable in the long 

term.The FUPOL project aims to develop a decision support tool that takes into 

account the key elements and interactions that appear within this sector. For tacking 

this challenging issue a simulation model that is causal in nature and integrates all 

the different relationships and actors that influence the final outcome of touristic 

activities will be developed. 

As it has been mentioned in the D4.1, several simulation models have been 

developed based on three main approaches: the tourism system model (Mill and 

Morrison, 1992), the destination life-cycle model Butler (1980), and the supply and 

demand balance model (Gunn,1994). Unfortunately, most of present developed 

models do not consider the interdependencies between the economic, social, 

environmental and policy factors. 
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Therefore the aim of the FUPOL model will be to develop an innovative framework 

for evaluating the benefits and impacts in the social, economic and environmental 

sectors of nature-based tourism and the policy options for managing tourism activity 

and development involving citizens in the decision making activity through the use of 

the FUPOL tools. 

3.8.2 Requirements for a generic model 

 

FUPOLproposes a MAS model for evaluating the benefits and impacts of a range of 

policy and management activities for guiding tourism development, and for making 

the causal relationships transparent for the citizens and stakeholders. An innovative 

aspect of the MAS model will be the analysis and interrelationships between the 

different actors that participate in the touristic sector within a particular region or 

area.  

The following are the requirements that must be addressed in the causal model in 

CPN and later coded in the MAS environment. 

 

 Spatially-situated agents: These agents will represent the dynamic agents that 

will move within an area performing several touristic activities; they will be 

specified through the definition of their particular attributes such as (kids, 

ages, families, young travellers, etc.). These agents will consider for each one 

the different procedures at specific destinations depending on the services and 

infrastructures available (attractions, transportation, information, promotion 

and services).  

 Heterogeneous agents: These agents will model and simulate the different 

local agents that influence the area and economic activities that take place 

within a region. These agents also interact with the dynamic agents that 

represent the tourists that visit the region. They will be differentiated by their 

particular attributes (colours of the CPN models) in such a way that some of 

the following can be easily defined: 

o Tourism operator. It will take decisions considering several aspects 

such as the implications of a significant down-turn in the numbers of 

international visitors to the region, how the imposition of a limit on the 
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number of visitors to specific locations will impact on their economic 

viability, how commercial fishing can impact on the diversity of the area 

among others. 

 

o Resident community. It will consider the effect on the employment 

opportunities and security, their lifestyle and the cost of living in the 

region. 

o Local government. It will consider the relationship between tertiary 

sewage treatment and oceans water quality and the implications of 

land-use zoning and the number of building approvals on occupancy 

rates and employment. 

 

An innovative approach developed in FUPOL will allow the agents to interact with 

each other by affinities, social networks, and other kind of interactions. 

 

The boundary conditions discussed through e-participation must be useful to 

evaluate how economic, social, environmental and land-use factors affects tourism 

development and/or areaffected by tourism in the region. 

 Some of the boundary conditions that are going to be included in the model are: 

 total visitor spending 

 occupancy rates  

 expected employment 

 

 Definition of these boundary conditions would be grouped in two different sectors: 

 Market: End users will parameterize the internal and external factors affecting 

purchasers of tourism products to select a destination. 

 Travel: It will describe the passenger flows and forms of transportation. 

 

The results obtained will feed a FCM with the main relationships modelled at macro 

level, in which it would be possible to analyse aspects such as: environmental 

implications for land and water resources and social impacts on the local community. 
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4 Conclusions 

The D2.2 is the first approach for the novel casual simulation for different domains 

that are of particular interest for a better governance activity based on e-

participation. The techniques used to cope with the complexity that appears in the 

different domains are described in the first part of the document. A comprehensive 

generic example for land use is presented so that the reader can understand the 

proposed methodology and the kind of evaluations that will be possible to achieve 

and how the so-called boundary conditions will emerge as the corner stone to foster 

the participation of the decision makers or stakeholders in the different domains. 

These boundary conditions are an innovative factor that will allow the development 

of a new way of e-governance that is needed with the new technologies. The 

different domains presented in the D2.2 have the requirements needed for the 

agents and in particular the three initial domains (land-use, housing and edgeland) 

present the generic CPN causal models that will serve as the basis for the 

development of the simulation module that will be a key element of the FUPOL tool. 

The D2.2 presents the generic simulation models and requirements that will be 

implemented by the WP4 in order to allow more transparency and fostering e-

discussion that allows performing the political decisions on a more scientific base. 

The generic FCM’s presented are the initial step for the development of particular 

models that will be implemented for the pilot cases; at the moment they are not well 

connected to the CPN generic ones because (as it is illustrated in the methodology) 

they will be applied for the particular cases of the pilots thus allowing to develop 

particular MAS simulation models for the pilots. Moreover it is expected that the 

simulation module will promote the interaction of government and citizens in such a 

way that the gap between the government and citizens is reduced allowing a better 

process of decision making in political problems.  
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Annex1 

NetLogo Coding for the Land Use Open Space 

The following code is the translation of the CPN for the land use Open space model. 

The following figures present the coding for the policy updating, scores and the 

function used to identify the highest score. 

 

to increase‐policy‐affinity [pos value] ;; value is expressed as a percentage
let value1 item pos policy *(value / 100)
set policy replace‐item pos policy (item pos policy + value1)
let pos1 [0 1 2 3 4]
set pos1 filter [? != pos] pos1
let pos2 0
if (item pos policy > 99) [
set policy replace‐item pos policy 100
foreach pos1 [set policy replace‐item ? policy 0]]
if (item pos policy < 99) [
foreach pos1 [ if (item ? policy) > 0 [set pos2 pos2 + 1]]
if (pos2 > 0) [ ; it is asked since cit‐match‐cit value 3 is not normatized
foreach pos1 [
set policy replace‐item ? policy (item ? policy  ‐ (value1 / pos2 )) 
if (item ? policy < 0) [set policy replace‐item ? policy 0]]
]]

end

Model Functionalities : Update Policiy scores
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to‐report cit‐match‐cit [t_id1 t_id2]
set tt 0
let tt1 0   let tt11 0  let tt2 0  let tt22 0  let tt3 0
ask t_id1 [
set  tt1 highest
set tt3 item tt1 policy]
ask turtle t_id2 [
set  tt2 highest
set tt22 item tt1 policy]
ask t_id1 [ set tt11 item tt2 policy]
if (tt1 = tt2) and (tt3 > 0) and (tt3 < 100) [ set tt3 1] ; both citizens have the same affinity
if (tt1 != tt2) and (tt22 > 0) and (tt11 > 0) and (tt3 > tt22) [ set tt3 2]
if (tt22 = 0) or (tt11 = 0) [ 
set tt tt2
set tt3 3]

report tt3
end

Model Functionalities : Policiy Score comparison

to‐report highest ;; identifies the highest preference of a turtle
let high sort‐by [?1 > ?2] policy
report position (item 0 high) policy 

end

Model Functionalities : Identify the Highest Score
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The following figures present the coding for evaluating the different affinities of the 

different agents. 

 

 

 

to cit‐policy‐2  ;; Industry ‐‐‐> Green Park 
ask turtles [set dset 0]
ask patches with [pcolor = green] [
ask turtles in‐radius 10 [set dset 1]]
ask turtles with [dset != 1 and (kids > 0 and ((ec < 20) or (ec > 70)))] [
set label ec
dist xp yp xcor ycor
if (dis < disf) [
set color green         set tt (item 2 policy)
set policy replace‐item 2 policy (tt + 20)]]

ask turtles with [dset != 1 and age >= 60] [
dist xp yp xcor ycor
if dis < disf [

set color green          set tt (item 2 policy)    
set policy replace‐item 2 policy (tt + 20)]]

ask turtles with [dset != 1 and age < 60 and ec = 0] [
dist xp yp xcor ycor
if dis < disf [

set color green          set tt (item 2 policy)       
set policy replace‐item 2 policy (tt + 10)]]

end

Causal Model : Affinity to policy 2 ( Green Park in an O. S.)
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to cit‐policy‐3 ;; Industry ‐‐‐> Intermodal Transport: 
ask turtles [set dset 0]
ask patches with [pcolor = pink] [
ask turtles in‐radius 10 [set dset 1]]
ask turtles with [dset != 1 and Mobi = 1 ] [  ;; people using Car
dist xp yp xcor ycor
if (dis < 7) [
set color pink
set policy replace‐item 3 policy (30 + Work‐Z * 5)] ]

ask turtles with [dset != 1 and Mobi = 2] [  ;; people using urban transport
dist xp yp xcor ycor
if (dis < 7) [
set color pink
set policy replace‐item 3 policy (20 + Work‐Z * 4)]]

ask turtles with [dset != 1 and Mobi = 3] [  ;; people using regional transport
dist xp yp xcor ycor
if (dis < 7) [
set color pink
set policy replace‐item 3 policy 20]

]
end

Causal Model : Affinity to policy 3 ( Transport Facility in an O. S.)

to cit‐policy‐4 ;; Industry ‐‐‐> Leisure & commercial area: 
ask turtles [set dset 0]
ask patches with [pcolor = cyan] [
ask turtles in‐radius 9 [set dset 1]]
ask turtles with [dset != 1 and Ec > 40] [  ;; people with incomes
dist xp yp xcor ycor
if (dis < disf) [
set color cyan
set policy replace‐item 4 policy ((item 4 policy) + (20 + ceiling (( Ec ‐ 40) / 2 ))) 

]
]

end

Causal Model : Affinity to policy 4 ( Commercial & L in an O. S.)
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to set‐up‐links‐affinity‐Kids
ask turtles[
let t_afin turtles with [Kids = 0]
let t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [Kids > 0 and Age < 55]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color green
set turtle‐id t_active
set prox‐affin 1 ]]

]
end

Causal Model : Affinity (Kids) Citizen Interactions

to set‐up‐links‐affinity‐CultL
ask turtles[
let t_afin turtles with [CultL < 20]
let t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [CultL >= 20 and CultL < 40]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color green
set turtle‐id t_active
set prox‐affin 1 ]]

Causal Model : Affinity (Cultural Level) Citizen Interactions

set t_afin turtles with [CultL >= 40 
and CultL < 70]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color yellow
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [CultL >= 70]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color yellow
set turtle‐id t_active
set prox‐affin 1 ]]]

end
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The following code normalize the values of the scores to a range within 0..100. 

 

 

 

 

 

 

 

 

to set‐up‐links‐affinity‐Mobi
ask turtles[
let t_afin turtles with [Mobi = 1]
let t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [Mobi = 2]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color green
set turtle‐id t_active
set prox‐affin 1 ]

]

Causal Model : Affinity (Cultural Level) Citizen Interactions

set t_afin turtles with [Mobi = 3]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color yellow
set turtle‐id t_active
set prox‐affin 1 ]

]

set t_afin turtles with [Mobi = 4]
set t_amount count t_afin
ask n‐of t_amount t_afin [
let t_active who
let t_w_afin other t_afin
create‐links‐with t_w_afin [
set color yellow
set turtle‐id t_active
set prox‐affin 1 ]

]
]
end

to normalize  ;; normalizes the values in vector preferences policy to 100% rank
let total 0
foreach policy[ set total (total + ? )]
if (total > 0)[

let pos [0 1 2 3 4]
foreach pos [set policy replace‐item ? policy (item ? policy * 100 / total)]]

end

Model Functionalities : Normalize Scores to 100%
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The following function is used to calculate the distance between two patches. 

 

 

 
 

to dist [x1 y1 x2 y2]
set dis sqrt ((x1 ‐ x2) ^ 2 + (y1 ‐ y2) ^ 2)
end

Model Functionalities : Distance Evaluation


