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Introduction

The foundation of macroeconomics, as a separate branch of economics, was laid down by John May-

nard Keynes (1883 { 1946). Since the 1970s, probably encouraged by the ‘Lucas Critique’, many

macroeconomists insist on a explicitly modeled ‘microfoundation’ of macroeconomics|as opposed

to ‘Keynesian’ macroeconomics, where an explicit model is only existing on the aggregate level. This

development resulted in the status quo of macroeconomic research: Since the early 1990s almost

all important developments in the branch of macroeconomics were made by research based upon

‘Walrasian microfoundation’ (typically ‘Dynamic Stochastic General Equilibrium’ models)1. The

central problem of this approach, as we see it, is the relation between micro and macro structure: In

the overwhelming majority of applications, the ‘microfoundation’ of ‘General Equilibrium’ models is

(according to simpli�cation) built on the aggregate level. Obviously, this does not solve the essential

problem of macroeconomics, namely how individual (i.e. microeconomic) behavior generates the

dynamics on the aggregate (i.e. macroeconomic) level.

As an alternative approach, in recent years the agent{based simulation technique has emerged.

This was enabled by a rapid improvement of computing power of IT systems and by the develop-

ment of sophisticated programing languages. As a result of this development, the question arose,

what is the main di�erence between the traditional ‘General Equilibrium’ framework in contrast to

this new approach? We see the borderline between both approaches in the fact that agent{based

macroeconomic models are built bottom{up, while ‘orthodox’ models are, as stated above, designed

top{down on the macro level. Opposed to that, agent{based models are designed on the micro

level. They contain about several thousand individual agents, and the researcher usually does not

1The ‘General Equilibrium’ framework was initially developed by L�eon Walras. The modern, i.e. dynamic, in-
terpretation of the ‘General Equilibrium’ approach is provided by a model developed jointly by Kenneth Arrow and
Gerard Debreu. See the discussion in chapter 1, and especially footnote 17.
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2

constrain the macro level through speci�cations, which are necessary to compute (or better to run)

the model (or the simulation).2 The modeler of an agent{based computer simulation only observes

the generated macro dynamics of the simulation, while he designs the model solely on the basis of

individual behaviors and interactions.3 Basically, this approach is related to the theory of ‘com-

plex systems’. The named ‘complex system’ consists of interconnected parts; its properties, as a

whole, are not necessarily represented by the properties of the individual parts. Interestingly, older

neoclassics (foremost represented by Alfred Marshall) thought of economics as a representation of a

‘complex system’|but they did not possess the mathematical tools to solve dynamic applications

of such ‘complex systems’. This situation has changed by the advent of agent{based computer sim-

ulations.

This description leads us to the phenomenon that the bene�ts of agent{based modeling, which

stem from its 
exibility, are sometimes challenged by economists: The often heard criticism is that

a scienti�c theory must be based upon ‘abstraction’, and that the agent{based modeling opens a

door for the (more or less detailed) ‘replication’ of reality. But such a ‘replication’ would overload an

economic model. It would lead to complex interrelations which cannot build the solid groundwork

for economic theory{building. This would oppose the idea of ‘abstraction’ as a basis of scienti�c

research. The key criticism is therefore that scienti�c models should be far less complex than real-

ity. We want to survey the relation between ‘abstraction’ and agent{based modeling in a di�erent

perspective. One can de�ne ‘abstraction’ as the process (or result) of generalization by reducing

the information content of a problem the researcher is interested in. It is crucial that this reduction

takes place in order to retain only that information which is relevant for the particular purpose.

Therefore, our central question should be, which information is of pivotal importance in the context

of macroeconomics?

Macroeconomic research, as we see it, should retain the emergence of macro structure out of micro

behaviors and interactions. This macroeconomic emergence and the according theory of ‘complex

2Such a macro constraint is the general equilibrium. It is imposed to the aggregate level of a model, and it is
necessary to solve it.

3In a further step he uses the observed macro outcomes in order to adjust the model. This is encompassed by the
‘validation’ of the model. See the discussion below.
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systems’ should be central issues in each complete macroeconomic investigation. Unfortunately,

until now almost no research is carried out with respect to this research question in the �eld of

dynamic monetary macroeconomics.4 The present study aims to close this gap. Hence, we designed

an agent{based macroeconomic model that is structured bottom{up, so that its aggregate dynamics

develop out of both micro behaviors and micro interactions. As we will see, this leads to complex and

non{linear micro{macro interactions. In this sense, our approach is related to Joshua M. Epstein’s

notion coined by the expression: \If you didn’t grow it [author’s note: the macro model], you didn’t

explain its emergence" (Epstein, 2006a, p. 9). Against this background, it is not legitimate to

conclude that the complex micro{macro interrelations account for an unfavorable departure from

‘abstraction’. The mentioned complexity is, in our view, the crucial feature of a macroeconomic

system. It is therefore not legitimate to dispose these characteristics by ‘abstraction’, as usually

done in ‘orthodox’ economics.

Objectives of the Study

The present study can be placed into the �eld of agent{based computational economics. As we will

discuss in chapter 1, the agent{based technique enables a 
exible way of designing, simulating and

analyzing a particular model structure. In here, the structure of the model represents an intuitive

analogy to reality. In addition, the bene�t of 
exibility induces the question, as to what extend the

generated model is the ‘right’ one for a de�ned purpose? This is the subject of the model ‘valida-

tion’. According to this, ‘validation’ is the key issue in agent{based research. Most importantly, our

main purpose is therefore to develop a reasonably validated agent{based macroeconomic simulation

model. Moreover, we have to outline the objectives the model is built for: The presented model

needs to be a dynamic macro model. Its main innovation with respect to agent{based modeling

is its ‘monetary circuit’ or ‘monetary sphere’. As opposed to other agent{based research, the pre-

sented model belongs to the �eld of monetary macroeconomics. Equally important, the model has

to contain ‘Keynesian’ and ‘Wicksellian’ elements. The former elements indicate several important

‘Keynesian’ properties, such as the importance of the demand side, the ‘paradox of thrift’, and so

on. The latter elements impliy the role of the central bank and monetary policy. Accordingly, the

4In the state{of{the{art framework of ‘New Keynesian’ macroeconomics, the economy is modeled on the aggregate
level by a ‘representative agent’. See, for example, (Woodford, 2003), and the discussion in this study below.
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presented model contains a central bank agent that conducts monetary policy through an interest

rate instrument. Thereby, the basic framework is constituted by Knut Wicksell’s idea of a monetary

transmission mechanism.

The second aim of this study is closely connected to the �rst one. The objective to construct a

�rst agent{based monetary macro model causes the problem that we cannot use any existing frame-

work. Therefore, the second purpose of this study is to develop a guideline for future work in this

�eld. Here, the focus lies (i) on methodological aspects. As we will see, agent{based computational

economics constitutes an IT{based tool, which enables to simulate a certain model structure|it is

not a methodological basis for the model structure. Consequently, we have to de�ne a methodolog-

ical framework for the modeling. According to the important role of the ‘validation’ task, we must,

in addition, elaborate an appropriate ‘validation’ methodology. Those two methodological questions

have to be answered. (ii) Secondly, our guideline focuses on the theoretical aspects of the model.

Therefrom, it is our aim to refer to the theoretical roots of the presented model|especially in con-

text of its ‘monetary circuit’. On the other part, we do not want to discuss all technical aspects,

which are needed to conduct an agent{based research in principle. (iii) Thirdly, we identify some

pitfalls that one could experience in carrying out research such as the presented one. Therefore, we

will give advice how to identify possible sources of problems.

Structure of the Study

The structure of this study is straightforward: Chapter 1 gives a propaedeutic survey of the main

topics of agent{based research. One challenge is thereby is to discuss the methodological aspects,

such as the basic methodologies of the modeling and ‘validation’ approaches. The subsequent chap-

ter establishes the conceptual model. It gives an detailed overview of the theoretical roots and

antecedents of the model, and it outlines the reasons for the chosen design. We will also address

problems of model design in this context. The study �nishes with a comprehensive model ‘validation’

in chapter 3. This is executed in several stages, which are built on each other. The methodology of

this ‘validation’ procedure is prepared in chapter 1. The study ends with concluding remarks.



Chapter 1

A Road Map to an Agent{Based
Computational Macro Model

An economy is an evolving, complex, adaptive, and dynamic system. Other scienti�c �elds than eco-

nomics made much progress in the study of similar systems, which feature the same basic elements,

such as heterogenous and autonomous entities (agents) that are engaged in complex interaction

pro�les, while the macro behavior of the system as a whole emerges out of micro structures, micro

behaviors and micro interactions. The aggregate behavior emerges bottom{up. Such approaches

are found in the �elds of medicine and brain research, logistics, ecology and biology. Within those

�elds, computer modeling and experimentation is widely accepted (without much question) as valu-

able tools. On the contrary, to this date agent{based analysis did not attract great attention in

economics, and in macroeconomics in particular. This can be due to the fact that macroeconomists

are averse to agent{based approaches (Leijonhufvud, 2006a). The reasons for this phenomenon are

shrewdly characterized by Axel Leijonhufvud:

\The apparent threat of cognitive loss is perhaps steeper in macro than in other areas.

Each generation of scholars inherits a knowledge base of theory, of empirically con�rmed

‘facts’ and of investigative techniques. Inherent in this base are directions for future

work|which problems are interesting and which ones not, what facts are puzzling and

which ones can be taken for granted, what methods of investigation are approved and

not approved, and so forth. The macroeconomics of the last century, from Lucas through

Presccot to Woodford, has been strongly wedded to stochastic general equilibrium theory.

5
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It is the well{developed knowledge base with which the last couple of generations of

macroresearchers have been equipped. Acquiring it required a large investment. But

then recruits to this research program are con�dent that their technical equipment is the

best in the business." (Leijonhufvud, 2006a, p. 1627)

The objective of this chapter is to discuss an alternative framework based upon the agent{based

simulation technique. Hence, this chapter illustrates the main aspects of the approach of agent{

based computational economics (ACE) and its advantages compared to ‘General Equilibrium’ (GE)

theory. In the last section, we will describe a suitable ‘validation’ framework for the development of

an agent{based macroeconomic model. As we will see, ‘validation’ is the core issue within agent{

based research. Moreover, this chapter de�nes the main concepts of agent{based models, which are

in turn necessary to develop and validate the model throughout the remainder of this study.

1.1 What is Agent{Based Computational Macroeconomics?

Imagine the total number of economic processes, such as producing and trading, happening in any

economy in reality. They are usually driven by the actions of hundreds of thousand individuals,

social groupings or institutions. In many circumstances information technology systems (IT sys-

tems)1 support the execution of such actions. The basic idea of an IT system is to map real actions,

facts and circumstances into digital data. Especially �rms utilize IT systems to improve the e�-

ciency of business processes: Suppose a supplier in the automotive industry, where an ‘enterprise

resource planning system’ (ERP system in brief) collects the data of production and logistic pro-

cesses. This system provides suitably prepared and presentable data in order to allocate business

resources (materials, employees), for example through the scheduling of new orders or the minimiza-

tion of inventory costs. Inevitably, the operations of the ERP system requires the interconnection

between the real business processes and the respective data inventory within the IT system. Hence,

there have to be some exogenous actions a�ecting the ERP system. This means, for example, that

the data inventory has to be updated on condition that the stock of inventory of the automotive

supplier has changed. Such maintenance can be operated manually by the users of the IT system,

1IT de�nes the study, design, development, implementation, support or management of computer{based informa-
tion systems, particularly software applications and computer hardware. IT deals with the use of electronic computers
and computer software to convert, store, protect, process, transmit, and securely retrieve information.
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as well as semi or fully automatically. In summary: The ERP system supplies information and data

about business resources to the automotive supplier.

However, some systems|such as complex ‘Supply Chain Management’ (SCM) systems|contain

fully automated processes due to the use of robots. These robots react automatically to a change

in the data. For example, provided that the stock of inventory of an intermediate product needed

in the production process of an automotive supplier (such as the stock of inventory of unmachined

engine hoods) falls short of a certain level (e.g. 1,000 engine hoods), the robotic agent starts a fully

automatic digital procurement process via a network (presumably via the internet). This means that

the software agent executes a routinized search for suitable o�er(s) in one or more online trading

platforms, where suppliers and buyers of certain intermediate products meet. Such processes can

appear on several stages of a vertical value added chain in a more or less automatic sense. A SCM

system therefore collects, maintains and delivers data|but it can also feature automated elements

where, for example, robotic trading happens. As a consequence, real business processes are a�ected

by the information system automatically through robots, causing true interaction between real pro-

cesses and the IT system. It is important that such an active role of the IT system must be guided

by a rule{based or routinized behavior of the software agents. This behavior can even represent

some kind of ‘arti�cial intelligence’.

In a next step, we can reveal the basic idea of agent{based simulation2 technique by using these

introductory explanations: Like ERP or SCM systems, an agent{based computer simulation collects

�rst of all digital data. It is populated by many agents, and each of these agents features a certain

data set. The point is that the data set is not a direct representation of facts or information about

reality as is the case in an ERP or SCM system. Rather, the data inventory of agents represents

an abstract model, which is in turn the simpli�ed representation of certain relationships known

from reality. Accordingly, agent{based computational economics build upon the construction of an

2A simulation is a certain type of modeling, whereas a model is a simpli�cation of reality. Such a simpli�cation
implies a smaller, less detailed, or less complex representation of real processes or relationships. It thus builds on
‘abstraction’. Similar to statistical models, simulation output is produced during a simulation run. This output
depends on certain inputs (Gilbert and Troitzsch, 2005). We will investigate inputs and outputs of the presented
model later on in this study. For a detailed discussion of simulation techniques in social sciences see Gilbert and
Troitzsch, 2005.
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arti�cial world, in which all actions are completely endogenous. This world covers special aspects

of the real world we are interested in. The present study is interested in the behavior of a closed

economy, i.e. the subject of the study is an an arti�cial world which represents an extremely simpli-

�ed national economy encompassing the basic economic sectors. Within this arti�cial world, data

are permanently generated, collected, and manipulated endogenously on the micro level. The key

di�erence between the common (every{day) usage of information technology (e.g. as represented

by an ERP system) and an agent{based computer simulation is that in the former at least some

degree of interaction between reality and the information system is necessary, whereas in the latter

all decisions, actions, and processes are fully automated|the agent world is autarchic.3 This implies

that an agent{based computer simulation contains agents, which are routinized robots, and which

stand for the actors in the real processes we are interested in. This, in fact, represents basically

the intuitive modeling approach of agent{based computer simulations. Moreover, such simulations

are somewhat similar to complex SCM systems, in which robot agents are employed: If an agent

simulation is started, each robot behaves exclusively according to the programed routines, so that

no connection between the real world (e.g. the designer) and the simulation (run) prevails. To sum

up, an agent{based computational simulation contains an autarchic arti�cial world containing robot

agents represented by a set of data and rules (or routines). In the following paragraph we illustrate

such an arti�cial world representing the subject of the present study.

Imagine the arti�cial world of Agent Island. Agent Island is a autarchic world populated by �rm

and household robot agents. If the computer simulation is started, the population arrives on Agent

Island. Upon arrival each agent receives his personal data and instruction booklet: This booklet

contains a set of rules and restrictions the agent has to follow as well as the initial data set. If the

agent is trading any goods or services throughout the simulation, he has to register the movements

in the data entries in his booklet. The agent{based simulation technique therefore supplies all pos-

sible data (individual, aggregate or otherwise manipulated data) to the researcher. The researcher

can request the data entries in the booklets of those agents he is interested in. Data entries in the

booklet of all agents are the basis for the routinized decisions and behaviors of the agents. That is,

3Indeed, it is imaginable that there may be also some kind of human action or interaction in an agent{based model.
Throughout this study, we are not interested in such approaches.
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an agent uses these data together with the routines in his booklet in order to operate decisions and

actions. Routines de�ne therefore the processes of the agent (e.g. production or trading processes).

Thereby, routines need not be static, insofar as they can evolve over time|again according to sim-

pli�ed and routinized adaption behavior. In addition, we use a round{based simulation approach,

and the agents employ data to their routines once a round. If all routinized decisions and actions

are conducted, the economy on Agent Island enters the next round. At the end of each round we

collect data on aggregate levels, because the business cycle dynamics of the Agent Island economy

is the topic we are ultimately interested in.

As suggested by intuition, we have to design the individual sets of data and rules for all relevant

aspects of the model|for each agent of the Agent Island population. To give an idea of such an

design, the following subsections highlights some important aspects of ACE. The next subsection

illustrates the main conceptual building blocks. Thereafter, we describe which research objectives

can be pursued within such a model, and which ingredients are necessary. Finally, the introduction

closes with the discussion of the methodological relevance of ACE.

1.1.1 Conceptual Building Blocks

Agent{based models can be characterized by several concepts. However, this subsection does not

give an in{depth review of these theoretical concepts; the objective is rather to outline the relevant

building blocks of an agent{based computational model and relate them to the framework of Agent

Island. We will discuss in section 1.2 the virtues of agent{based computational economics by com-

paring the ‘orthodox’ framework of macroeconomics with the possibilities of ACE. Thereby, we will

take up the conceptual building blocks again and deal with them in somewhat greater detail. The

following overview therefore summarizes the main building blocks of ACE in brief:

Bottom{up perspective and macroeconomic emergence Traditional ‘neoclassical’ models fol-

low a top{down perspective, where the aggregate level typically comprises a ‘representative

agent’. In contrast, agent{based models build on an environment, in which micro entities

engage in repeated interactions. As in reality, the dynamic on the macro level emerges from

the behavior of the basic entities on the micro level (Windrum and Moneta, 2007; Pyka and
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Giorgio, 2005; Tesfatsion, 2003). It is thus intuitive that Agent Island is designed bottom{up.

This corresponds to the assumption that the agents, upon arriving on Agent Island, receive a

personal data and instruction booklet. The macro behavior of the economy of Agent Island

emerges from repeated individual actions and interactions according to the instructions and

data in the booklets. Such an approach allows us to investigate the relationship between micro

and macro dynamics. This is done during the ‘validation’ process in chapter 3. The relation-

ship between micro and macro properties is of particular importance, when one is interested

in the analysis of ‘fallacies of composition’ in economics.4

Heterogeneity Agents might be heterogenous in almost all characteristics, i.e. with respect to

data or behavior. The former might be de�ned through varying variables or initial values of

some variables (Pyka and Giorgio, 2005). The latter is based upon varying behavioral rules

or, at least, levels of behavioral parameters within one rule. According to that, the personal

data and instruction booklets of the population of Agent Island re
ect this heterogeneity. In

here, we simplify by the assumption that agents of the same type (households, consumer goods

�rms, capital goods �rms) receive the same rules, but the level of the parameters in the rules

can vary.

Network direct interactions: Interactions among agents are direct and inherently non{linear.

This means that the decisions of an agent depend to some extend on the past and present

choices made by all other agents (Pyka and Giorgio, 2005). Moreover, in ACE the trading

and procurement processes are usually modeled explicitly, which implies that the institution

of the ‘Walrasian auctioneer’ is not mandatory (Tesfatsion, 2006). Consequently, it is possible

to employ various forms of procurement processes within an agent{based model. In particular,

ACE enables ‘face{to{face’ interactions within a procurement process. We will explain below

that such a ‘face{to{face’ procurement process is adopted in the market for capital goods

on the island. Then again, the consumer goods market is working simpli�ed in institutional

analogy to ‘orthodox’ economics (viz. by employing implicitly some kind of auctioneer).

4A ‘fallacy of composition’ could arise when one infers that something is true for the whole from the fact that it is
true for some part of the whole. We will refer to this concept, and explain it with respect to a relevant application in
chapter 2. See also St�utzel, 1978, for an extensive discussions of such ‘fallacies of composition’ in economics (especially
based upon 
ow{of{funds accounting).
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Bounded rationality By its nature, the environment on Agent Island is too complex to apply

hyper{rationality. This is for example apparent in the context of expectation formation, be-

cause agents on Agent Island are not able to derive rational expectation outcomes, as in

‘orthodox’ models. Rather, one has to apply routinized outcomes of myopic optimizations in

combination with adaptive expectations. The latter is necessary, because agents face ‘true un-

certainty’5 so that expectations cannot be rational as assumed by ‘orthodox’ economic theory.

According to this, the agents on Agent Island face ‘true uncertainty’, so that they do not know

(and cannot calculate) the future outcome of economic interactions on the island. This must

a�ect the formation of expectations in such a way that expectations are adaptive.

Learning Behavior In many ACE models sophisticated learning algorithms are implemented (Tes-

fatsion, 2006; Windrum and Moneta, 2007).6 Not so in the present study. In a �rst step of the

development of the model, we have employed such a complex and sophisticated learning algo-

rithm. As suggested by Tesfatsion, 2006, we have applied it to the supply decision of consumer

goods �rms. Unfortunately, this design produced undesired e�ects on the macro level, i.e. the

assumed ‘Phillips curve’ relationship (viz. the positive correlation between output gaps and

in
ation rates) was upside down. Therefore we abandoned this approach and have adopted a

more suitable approach for the supply decisions, as it will be described in subsection 2.2.2. In

this approach, �rms adopt their behavior to a change in the environment on Agent Island, but

a complex learning algorithm is absent.

1.1.2 Objectives

The following description illustrates four main objectives of agent{based research. If necessary, we

extend each description by a short link to the objectives of the present study:7

5Here, ‘true uncertainty’ means ‘Knightian uncertainty’ (Knight, 1921), i.e. situations which cannot be described
with a certain probability of occurrence. This ‘true uncertainty’ is di�erent from risk. The latter is usually employed
in ‘orthodox’ economic models, where it is necessary to assign probabilities of occurrences in order to handle this kind
of uncertainty (i.e. risk) in expected utility functions.

6For a discussion of several learning algorithms see Brenner, 2006.
7Tesfatsion, 2003, gives a review of the agent{based literature and relates the models to certain ACE topics. Insofar

as none of these models fall into the �eld of monetary macroeconomics, we do not refer to them here explicitly. So
far as we know, the only agent{based model that can be placed into the �eld of monetary economics is an older one,
created by Bruun, 1995. Hence, we do not present an introductory literature review. Nevertheless, we will refer to
speci�c ACE research throughout the representation of the model in chapter 2.
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Empirical understanding In this case the researcher has to investigate the question, why cer-

tain empirical phenomena or regularities evolve. They seek for causal explanations for such

phenomena through agent{based environments (Tesfatsion, 2006). Based upon empirical un-

derstanding an agent{based simulation can deliver predictions of future tendencies or events

(Gilbert and Troitzsch, 2005).

Normative understanding An agent{based model can deliver normative insights as well (Tes-

fatsion, 2006). It is certainly possible to compare various policies (e.g. various central bank

strategies) based upon a valid8 agent{based model. The crucial point is the ‘validation’ of the

ACE model. Even though we do not chase after any normative objectives, our analysis could

to some extend be useful for further normative postulates. It delivers a correctly validated

model, which is necessary to conduct a normative analysis.9 Our objective is to deliver such

a model: This could be a starting point for normative analyses in the future or, at least, a

foundation for the further development of a valid monetary macro model that in turn could

be used for a normative analysis.

Methodological advancement The question of interest is, how best to provide agent{based re-

searchers with a suitable methodology needed to undertake a study of the economic system.

Thereby, researches need to model structural, institutional and behavioral characteristics of

the economic system; they ought to evaluate the logical validity of their model through com-

puter experiments, and test their theories against real{world data (Tesfatsion, 2006). Due to

the 
exibility of agent{based models, those requirements can be ful�lled through a variety of

ways. If the researcher is able to �nd a proper way for doing this, he develops further method-

ological insight with respect to the topic of interest. In the context of the present study, this

is one aim. We strive for the development of a reasonable validated agent{based monetary

8See subsection 1.3 for the notion behind this term.
9Economists make a distinction between positive and normative that closely parallels Karl Popper’s view of phi-

losophy of science (Popper, 2005). See also Friedman, 1953 for a comprehensive discussion of this point. A positive
statement is a statement about what is, and that contains no indication of approval or disapproval. Notice that a
positive statement can be wrong. \The earth is made of chocolate" is incorrect, but it is a positive statement, be-
cause it is a statement about what exists. Then again, a normative statement expresses a judgment about whether a
situation is desirable or undesirable: \The world would be a better place, if it were made of chocolate" is a normative
statement, because it expresses a judgment about what ought to be. Notice that there is no way of disproving this
statement. If you disagree with it, you have no sure way of convincing someone who believes in the statement that
he is wrong. Along those lines of philosophy of science it is possible to divide the objectives of agent-based research
into positive and normative groups.
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macro model. This should become the basis for further analysis of monetary policy issues.

In addition, we apply a ‘validation’ framework developed in the �eld of computer science (see

section 1.3.3), which has never been applied to an economic issue until now. Accordingly, we

wish to deliver a suitable framework for further research in monetary macroeconomics within

the �eld of agent{based computational economics.

Qualitative insight and theory generation Through research in agent{based models one can

gather new insights about an economic issue of interest. An agent{based simulation can be used

as a method of theory development, in order to improve the understanding of phenomena of the

social world (Gilbert and Troitzsch, 2005). Consequently, a well{designed and suitable agent{

based world can improve the understanding of the dynamic behavior of a complex economic

system. Usually, this objective is based upon the systematic examination of simulation inputs10

(initial values, behavioral and structural parameters, etc.) and their impact on simulation

outputs of interest (Tesfatsion, 2006).

The last point expounds the idea that ACE has the potential to assist in the discovery and

formalization of theories. Researchers can investigate theories in the arti�cial agent world they have

built. In order to do this, the researchers have to take theories expressed in textual or conceptual

form and formalize them into a speci�cation which can be programed into the computer. According

to this, the theory will be precise, coherent and complete. In this respect agent{based computer

simulations could feature a similar role in social sciences, comparable to that of mathematics in

the physical science (Gilbert and Troitzsch, 2005). On the contrary, mathematics have been widely

used as a means of formalization in economics and econometrics. In fact, there are several reasons

why agent{based simulations are more appropriate to social science than mathematics (Gilbert and

Troitzsch, 2005). We will explain these main virtues of agent{based computational economics in

section 1.2, and, in addition, compare them to ‘orthodox’ economic modeling (which is solely based

on the mathematical framework of ‘optimal control theory’). Inevitably, the presented model of

Agent Island illustrates how the formalization of an agent{based monetary macro model can look

like.

10See footnote 2 for an explanation of simulation input. We will explain the detailed role of inputs later on.
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1.1.3 Ingredients

The following overview contains a broad set of ingredients, each agent{based computational model

consists of (see Pyka and Giorgio, 2005):

Time As an agent{based model is by its nature a dynamic model, we have to de�ne the time

perspective of the model. As we will see, the model is round{based, i.e. it evolves in discrete

time steps, which we de�ne as periods. Next to this period time (T = 1; 2; :::), there exists

an intra{period time. The sequence of decisions and actions within one period is based upon

the concept of intra{period time. Hence, when one period ends, the intra{period sequence

restarts.

Agents Each agent{based simulation is populated by a set of agents. The term ‘agent’ refers to

bundled data and methods (or routines). It represents an entity constituting a part of a world

constructed by computation. Agents can be (i) individuals (e.g. consumer, workers), (ii)

social groupings (e.g. families, �rms, government agencies), (iii) institutions (e.g. markets),

(iv) biological entities (e.g. livestock, forest), and physical entities (e.g. weather, geographical

regions) (Tesfatsion, 2006). In context of the present task, viz. the development of a monetary

macro model, agents represent the actors within the opted framework, viz. households (i.e.

consumers/workers), �rms (i.e. consumer goods and capital goods �rms) and the central

bank. It should be noted that we assume a constant set of agents. The existing agents do

not die (drop out), and no new agents are born during a simulation run. Thus, the once

initialized population outlasts the whole simulation run. In general, agents are supposed to be

(i) autonomous entities (i.e. the state of the agent and its actions are �rst of all independent

from its environment or other agents), (ii) social entities (i.e. agents are able to interact

with other agents), (iii) reacting entities (i.e. agents are able to perceive their environment,

which usually leads to a reaction), (iv) active entities (i.e. agents are able to initiate actions

themselves) (Pyka and Giorgio, 2005).

Micro variables Each agent is characterized by a vector of microeconomic (state) variables. Those

variables are usually supposed to be modi�ed endogenously throughout the simulation. In our

model such microeconomic variables are, for example, the net �nancial wealth (or net debt) of
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a household agent, or the real capital stock of a �rm agent, or the produced/supplied output

of �rms, and so on. During the ‘validation’ of the model it is one task to de�ne reasonable

initial values of several microeconomic variables (such as the initial capital stock of �rms).

Micro parameters Next to the micro variables each agent is characterized by a vector of microeco-

nomic parameters. Parameters are variables that cannot be endogenously adapted throughout

a simulation run. Typically, such parameters describe the behavior of the agent (behavioral

parameters) or certain restrictions (structural parameters). For example, the supply decision

of a consumer goods �rm is de�ned via a behavioral parameter. This parameter connects the

produced/supplied output of the present period to the marginal pro�tability of one output

unit in the last period. Moreover, this supply decision is restricted by a structural parameter

characterizing the production function. To highlight the important micro parameters of the

model we label them through lower case Greek letters.

Macro parameters The system as whole is characterized by a vector of macroeconomic param-

eters. Similar to micro parameters, macro parameters cannot be modi�ed endogenously, i.e.

once �xed to a certain level, these values remain unchanged. In the present model, the tech-

nological progress is represented through a ‘random walk process’ de�ned by two parameters,

namely by a ‘drift term’ and the variance of the ‘white noise’ term. Such a technical progress

is constituted on the global level (i.e. for the whole economy) and on individual �rm levels.

A combination of both �gures constitutes the individual technical change of a �rm. Besides

this, on the global level the ‘drift term’ and the variance are de�ned by two macro parameters.

We call such macro parameters also global parameters. To highlight the important macro

parameters of the model we characterize them also through lower case Greek letters.

Macro (or aggregate) variables Finally, there exists a set of macroeconomic variables. Usually,

such variables (such as the GDP) emerge through some kind of aggregation of micro variables.

Other macro variables are by nature de�ned on the macro level (e.g. the credit interest rate).

We call macro variables also global variables.

Interaction structure The interaction structure controls the 
ow of information between agents.

Consider �rm agents that are trading on the capital goods market. Provided that two speci�c
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agents close a contract for the sale of a capital good (i.e. a machine), the seller updates his

order book, while the buyer books a purchase order. Simultaneously, the account is settled by

the buyer. According to that, the cash reserve of the buyer decreases, while the cash reserve

of the seller increases by the same amount. Besides this, there is a third party involved in this

payment process, as we apply a banking system to the model. Thereby, subsequent actions

of each of the parties (in the next period) can be a�ected by that trading. According to this

rather simple example, on can imagine that relatively complex interaction structures emerge

on Agent Island.

Micro decisions rules Each agent is endowed with a set of decision rules. Such rules are routines,

which map observable �gures (past micro variables and macro variables or parameters) into

present micro variables. Such a mapping process is based upon the micro parameters (i.e.

behavioral or structural parameters) of the individual agent. It can also contain stochastic

elements, if necessary. The concept of decision rules is crucial to agent{based models. It mir-

rors the notion of routinized behavior, known from ‘evolutionary’ economics (see explanations

below). As we will discuss later on, micro decision rules based upon micro parameters de�ne

the ‘genes’ of the agents.

Space In principle, it is possible that an agent{based computational model features a spatial di-

mension. For example, the real map of a landscape could serve as the environment, in which

agents live, produce and trade. This enables a more speci�c perspective on trading and other

interactions. However, for the sake of simplicity we do not integrate such a spatial dimension

to Agent Island.

1.1.4 Methodology vs. IT{Based Tool

According to the descriptions mentioned so far, one could assume that agent|based computational

economics constitutes a methodology|such as the ‘Walrasian’ GE approach de�nes the methodolog-

ical framework of modern ‘neoclassical’ macroeconomics. This, however, is not true. Agent{based

computer simulations are a tool, viz. an IT{based technique of simulating a certain model. In here,

an agent{based model features a general structure as described in the last subsections. According to

this notion, it is not surprising that an agent{based framework would in principle allow the analysis
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of a GE model.11;12 In fact, this would lead to the degeneration of the virtues of an agent{based

technique. Consequently, it is interesting to see whether an alternative methodological framework

for ACE is existing: We prefer the framework of ‘evolutionary’ economics.13 The following table

1.1 illustrates, why the assumptions or concepts of ‘evolutionary’ economics �t very well into the

agent{based approach. As the reader can see, the agent{based simulation technique is an ideal tool

for the analysis of ‘evolutionary’ economics. The table should in addition compare the assumptions

of ‘neoclassical’ and ‘evolutionary’ methodology.

Assumptions Neoclassical Evolutionary

System Can be derived from micro level Not deducible from micro level
behavior Time and place independent Time and place dependent

Need not be dynamic Has to be dynamic
Individual Optimizing Satis�cing1

behavior Mechanical Rules{of{thumb & routines
Interactions Perfect capabilities & information Imperfect capabilities & information

Actors are substitutable Actors are not substitutable
Learning, path dependency, co{evolution

Actors Hyper{rational agents Boundedly rational robots
No history History existing
Often homogenous Typically heterogenous

Sources: See Alkemade, 2004; Arnold and Boekholt, 2002; Jaffe1 et al., 2002; Nelson and Winter, 1982. Note: 1) The term ‘satisficing’
is coined by Herbert Simon. The tendency to satisfice shows up in many cognitive tasks such as playing games, solving problems,
and making decisions where people typically do not or cannot search for the optimal solutions (Simon, 1982).

Table 1.1: Comparison of methodologies { neoclassical vs. evolutionary economics

This review should render a better understanding of the elements of an ‘evolutionary’ model.

The concrete meaning will become clear throughout the remainder of this study. However, the main

di�erences and virtues of ‘evolutionary’ economics based upon an agent{based environment will be

worked out through the next section. Within the following brief description of the basic concepts

11For an illustration of a ‘Walrasian’ agent{based computational model see Gintis, 2007.
12The main problem of such an approach would be the calculation of rational expectations in a forward{looking

framework. However, when the model is completely developed within the boundaries of GE models (e.g. by the
application of one ‘representative agent’), one could handle this problem in the same way as ‘orthodox’ economics
does, so that the ‘representative agent’ knows all structural equations of the mechanical system. As a result, he could
calculate the rational expectations outcomes of the economy far into the future.

13In the context of macroeconomics the term ‘evolutionary’ economics goes back to the seminal work of Nelson and
Winter, 1982. The framework of Nelson and Winter follows the ‘Schumpeterian’ view of capitalism as an engine of
progressive change. This view is connected to the problem of economic agents concerning the future, viz: The key
character of progressive change is that it seems impossible for agents to calculate the right thing to do. What is an
appropriate action and what not, will be only revealed by future events (see also Knight, 1921).
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of ‘evolutionary’ economics, we link them to the agent{based approach of the present study (see

Nelson and Winter, 1982):

Routines The set of routines of an agent describes the way the agent is doing things and the ways

he determines what he has to do. Hence, the concept of routines covers the more ‘ortho-

dox’ notions of capabilities (budget constraints) and choice (maximization). Behavior de�ned

through routines does neither mean that agents behave irrational nor that their behavior is

unchanging. Moreover, the concept of routines links the present behavior of the agent to the

actions the agent (or its environment) is taking or has recently undertaken. Even though the

basic 
exibility of routinized behavior is limited, we can extend the framework so that a chang-

ing environment can force agents to modify their routines (see the next point). The concept

of routines is basically one of the most important concepts used throughout the development

of the model in this study. Each agent decides and behaves according to routines. Usually, a

routine links past data (macro or micro data) to present decisions and actions. For example,

each period the supply decisions of capital goods �rms is delivered through a routine. Capital

goods �rm calculate their individual o�er price through a ‘mark{up’ calculation, i.e. via a

given percentage ‘mark{up’ over given marginal costs. This routine delivers the supply price

of capital goods �rms. Importantly, routines are the genes of an ‘evolutionary’ theory.

Search This concept contains all activities which are associated with the evaluation and potential

modi�cation of routines. The point is that such activities are themselves routinized and pre-

dictable. Then again, they can also have a stochastic character. To use the example of the

supply decisions of capital goods �rms above, the �rm modi�es its supply decision each period

through the adjustment of price ‘mark{ups’. This is in turn a routinized activity, as one can

see within the next point.

Selection environment The ‘selection environment’ is the ensemble of conditions outside or inside

the agent, which a�ects its well{being or success. Such conditions can be delivered on the micro

level (of the respective agent for example) or on an aggregate level (for example on the industry

level). For instance, the above discussed supply decision of capital goods �rms is determined

via ‘mark{up’ pricing. As stated, this as well as the adaption of ‘mark{ups’ is routinized.

Importantly, the adaption of ‘mark{ups’ (i.e. the ‘search process’ for a better ‘mark{up’)
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is de�ned via the ‘selection environment’ of the agent. This is given through past supply

decisions, the resulting sales and pro�t �gures and the conditions of the capital goods market.

The ‘selection environment’ de�ned through these conditions gives the basis for the routinized

adaption of present price ‘mark{ups’ in a rational way.

The term ‘genes’ within that description sheds light on the analogy between ‘evolutionary’ eco-

nomics and biology.14 According to this, there a is link between the genotypic level (i.e. behavioral

patterns, technologies, policies etc.) and the entities (i.e. the agents) accommodating these genes

(Dosi and Nelson, 1994). In fact, this notion mirrors exactly the notion of agent{based modeling. It

is thus not surprising that several examples of agent{based models based upon the methodological

framework of ‘evolutionary’ economics exist (for example Dosi et al., 2005; Dosi et al., 2006; Dosi

et al., 2008).15

1.2 Virtues of Agent{Based Computational Macroeconomics

In this section we review the weakness of the orthodox approach to macroeconomics, and confront

these weaknesses with the virtues of agent{based computational economics. In here, we subsume

both the (neoclassical) ‘Walrasian’ GE approach and the ‘New Keynesian’ framework16 of monetary

theory under the term ‘orthodox’ economics. In fact, all modern models that belong to the group of

‘orthodox’ economics are rooted in the Walras or Arrow{Debreu framework.17 This section reviews

some assumptions and aspects of these models|namely those aspects which are subject to criticism.

In order to illustrate the main positions of orthodox economics and compare them to the agent{based

approach, we introduce a nearby island to Agent Island. The arti�cial economy of this neighbor

14Before the development of ‘evolutionary’ economics Alfred Marshall in fact states \that the Mecca of economics
[lies] in economic biology rather than economic mechanism" (Marshall, 1948, p. xiv).

15For more information on the link between ‘evolutionary’ economics and agent{based computational economics
see, among others, Dosi and Winter, 2002; Tesfatsion, 1997; Dosi and Nelson, 1994.

16See Woodford, 2003, for an introduction to the ‘New Keynesian’ framework. It is derived as the so{called ‘New
Neoclassical Synthesis’ from the ‘New Keynesian’ paradigm (see e.g. Mankiw and Romer, 1991) and ‘Real Business
Cycle’ models (see e.g. King and Rebelo, 1999). Woodford calls his approach also ‘Neo{Wicksellian’, because it builds
on the distinction between the natural rate of interest and the money or credit interest rate (Woodford, 2003). We
will explain both concepts in the following chapter.

17The ‘Arrow{Debreu’ framework is the modern successor of the original Walras model (see the original paper of
Arrow and Debreu, 1954). It is the groundwork for all ‘Dynamic Stochastic General Equilibrium’ (DSGE) models,
which were mentioned in the last subsection. The key is that it extends the static framework of Walras by introducing
so{called ‘Arrow-Debreu securities’. The notion of such securities draws on the concept of risk, i.e. that future
states of the world could be de�ned through probabilities. If a certain state occurs, only that speci�c ‘Arrow{Debreu
security’ assigned to this speci�c state pays out. All other ‘Arrow{Debreu’ securities pay zero return.
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island is built upon a di�erent structure compared to Agent Island. The following paragraphs

illustrate that.

Population

The economy of the neighbor island of Agent Island is constituted by a ‘representative agent’.18

Now, what is, or rather what does the ‘representative agent’ in the arti�cial island economy? Gun,

2004, characterizes the idea of the the ‘representative agent’ unequivocally:

\However, the representative agent of new macroeconomics is not ‘representative’ in this

way [note of the author: here, ‘this way’ means representing a lot of di�erent people]: He

is identical with the people he ‘represents’|because only identical persons are considered.

Why are only identical persons considered? Because aggregation of non{identical agents

creates problems. But, if people are identical, they have no reason for trading (exchange

results from di�erences, in tastes, endowments, technologies): the situation is exactly

the same if there is one or ‘many identical’ persons. ‘Representative agent’ is, thus,

another name for Robinson Crusoe: new macroeconomics is ‘Crusoe microeconomics’

and, therefore, devoid of usefulness|it is even a regression in comparison with the ‘old’

(IS{LM) macroeconomics. Moreover, it is nonsense. New macroeconomists probably feel

this, as they practically never try to justify the representative agent assumption. In the

alphabetical index, at the end of their books or textbooks, they often ‘forget’ to mention

him (as also happens with the ‘auctioneer’, in the index of microeconomic textbooks)."

(Gun, 2004, p. 120)

Thereby the crucial point of the assumption that such an economy is populated by many identical

households is not the word ‘many’|rather, the key word is ‘identical’ (Gun, 2004). This notion

implies that the many agents can be represented by one single agent. For this reason, we call

this island subsequently Robinson Crusoe Island. The need for the modeling of the ‘representative

18The ‘representative agent’ framework, as applied in almost every modern application of the ‘orthodox’ framework,
goes back to Ramsey, 1928, and Cass, 1965. It should be noted that these seminal papers were normative studies,
i.e. they search for economy’s best path. Accordingly, it would be ideal, if aggregate savings behaved according to
the constrained optimization of an aggregate utility function. However, in many modern applications (within the
‘orthodox’ branch of economics) the idea of the original normative ‘representative agent’ model is applied to positive
models (Gun, 2004). This is a substantial chance, because the notion of the ‘representative agent’ approach could be
seen as an ideal (e�cient) outcome of barter. But it could be hardly seen as a good positive representation of reality.
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agent’, which is indeed a pretty strong simpli�cation, lies in its simplicity: It reduces the complexity

of the orthodox framework in order to get stable and unique equilibria (Fagiolo and Roventini,

2008). Another study describes the failure of modern ‘representative agent’ macroeconomics in the

following way:

\[...] it seems worthwhile to review why Walrasian microfoundations should be considered

as the wrong answer to what is probably the most stimulating research question ever

raised in economics, that is to explain how a completely decentralized economy composed

of millions of (mainly) self{interested people coordinate actions." (Ga�eo et al., 2007, p.

91)

Hence, the ‘representative agent’ living on Robinson Crusoe Island represents not a component,

simpler than the system of which he is part (Leijonhufvud, 2006a). This would be an intuitive

assumption of an economy and its parts. The idea that the whole system is more complex than the

part it is made up of, is one core assumption of ‘complex system theory’. In addition, such a system

consists of interrelated components. Not so the economy of Robinson Crusoe Island. Its economy is

reduced to a unique single agent. But this contradicts the very essence of microeconomics, because

without diversity of agents, there cannot be any exchange (Gun, 2004).

A good critical review of the ‘representative agent’ approach is delivered by Kirman, 1992. He

�nds at least �ve major aspects of criticism to the ‘representative agent’, which summarize the core

problem of this approach: (i) Individual rationality does not imply aggregate rationality. This means

that one cannot provide any formal justi�cation for the assumption that the maximizing individual

behavior could be applied to the aggregate level. (ii) The reaction of the ‘representative agent’ to

shocks cannot coincide with the aggregate micro reactions of individuals. (iii) Even if the above

mentioned problems are solved, other cases are existing where out of two given situations x and

y, the ‘representative agent’ would prefer x, while all the individual agents would prefer y. (iv)

There appears an additional problem at the empirical level. If one tests a theory delivered by a

‘representative agent’ model, one is also jointly testing the ‘representative agent’ hypothesis. (v)

Finally, in case of heterogenous agents, it is implied that basic properties of linear dynamic micro

properties are not preserved by aggregation. For example, the aggregation of static micro{equations
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could produce dynamic macro equations (Froni and Lippi, 1997).

We want to �nish the discussion of the ‘representative agent’ living on Robinson Crusoe Island

by a pointed picture delivered by Gun, 2004:

\But, at the same time, they present representative models as positive models, and try to

�t the model with existing data (through ‘calibration’ and other techniques): observed

GDP, employment, consumption, investment of a country during, say, 10 years, are

thus compared with what a representative agent’s intertemporal choice would be{taking

into account observed ‘shocks’. This is total nonsense: How can any reasonable person

admit that, for example, the evolution of the US aggregates’ results from decisions made

by a single individual who owns all factories and who decides how much to produce,

how much labor to use, how production will be distributed between consumption and

investment, and so on? It is quite incredible that the majority of a profession (which

pretend to be ‘scienti�c’) readily indulges in this kind of absurdity, teaches it, and does

a lot of ‘research’ on it|with maths, statistics, and computers|attempting to specify

the representative agents ‘parameter’ (that is, coe�cients in his utility and production

functions) which allow good �ts with observed data." (Gun, 2004, p. 121)

In contrast to this view, agent{based computational economics enables maximum 
exibility in

the design of heterogeneity. The arti�cial economy of Agent Island is populated by many agents, and

these agents might be heterogenous in many dimensions (such as endowments, technology, tastes,

behavior, etc.). We have already explained this issue. It is the di�cult task of the model design

and its ‘validation’ process to �nd a reasonable speci�cations for the heterogeneity. However, the

role of heterogeneity is not as trivial as one might expect. It is not a mere extension of the homoge-

nous agent framework: If heterogeneous agents (e.g. heterogenous with respect to behavior) adjust

continually to the overall situation they create together, then they adapt within an environment

they created together. And in so adapting, they change that environment (which could also be

termed ‘ecology’). According to this, ‘evolution’ (in the sense of ‘evolutionary’ economics) is used

in the broadest sense of the word, which can be interpreted as elements adapting their state to the

situation they together create (Arthur, 2006). We see that in this sense our adopted framework
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of ‘evolutionary’ economics emerges naturally from the very construction of the modeling in the

agent{based framework. It need not be added as an adjunct.

Against the background of those explanations, it should be clear that the arti�cial economy of

Agent Island emerges bottom{up; it is not constructed top{down as the Robinson Crusoe economy.

We start from individual choices, whereas the latter takes as its starting point observed relations

between aggregates. In general, agent{based computational are characterized in the following way:

\There is no central, or ‘top down’, control over individual behavior in agent{based

models. Of course, there will generally be feedback between macrostructures and mi-

crostructures, as where newborn agents are conditioned by social norms or institutions

that have taken shape endogenously through earlier agent interactions. In this sense,

micro and macro will, in general, co{evolve. But as a matter of model speci�cation,

no central controllers (e.g., Walrasian auctioneers) or higher authorities are posited ab

initio." (Epstein, 2006b, p. 1588)

Consequently, the present analysis is able to investigate the true relationship between micro

behavior and macro dynamics, which is not possible in ‘representative agent’ models. This will

ultimately enable the discussion concerning ‘fallacies of composition’.

Behavior

Next to the problematic aspect that Robinson Crusoe Island is populated by just one single repre-

sentative inhabitant, the behavior of this Robinson Crusoe agent is furthermore quite unrealistic:

Its basic structure is de�ned through a fundamental abstraction. It covers intertemporal choice,

according to which an intertemporal expected utility (in case of uncertainty) is maximized subject

to the budget constraint(s). This is a typical dynamic programing problem, known from ‘control

theory’|an interdisciplinary branch of engineering and mathematics.19 It is, for example, similar

to the program that an engineer has to solve in order to determine the best path for the 
ight of a

rocket (e.g. with minimum use of fuel), given its target (Gun, 2004):

19Such models belong to the �eld of ‘dynamic stochastic optimal control theory’ (Colander, 2006).
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\It is a problem for an engineer, not for an economist. And, it can be very complicated

to solve (as always with non{linear programs). Indeed, generally, it is not possible to �nd

the exact optimal path, but only successive approximations of it (using computer and so

on). So, the door is open to a lot of of ‘work’, and ‘papers’, about maths and econometric

techniques that to get an ‘as good as possible’ approximation for the optimal path, with

di�erent kinds of utility and production functions, and ‘shocks’. As unkowns (paths) are

sequences of functions (and not numbers, as in common micro problems), Hamiltonians

replace Lagrangians, and �rst order condictions take the form of di�erential equations; as

there is an unlimited horizon, ‘transversality’ conditions exclude in�nite solutions, and so

on. These are very complicated problems; but they are Robinson Crusoe’s problems|not

ours!" (Gun, 2004, p. 122)

In addition, there are further problems concerning the behavior of the ‘representative agent’: For

example, one can state that he is in fact ‘schizophrenic’, because he is at the same time a �rm and a

household: He employs himself and sells (buys) to himself. He pays himself (and earns) a wage equal

to the marginal productivity of labor, and pays (again to himself) an interest rate equal to marginal

productivity of capital (Gun, 2004). Finally, such models rest usually on the inconsistency that

all �rm and household agents are price takers. Firms and household treat prices as given in their

optimization problem (in case of perfect competitive markets). But if prices are given for everyone,

who sets those prices? See the following statement of Hal Varian:

\The biggest problem is one that is the most fundamental, namely the paradoxical re-

lationship between the idea of competition and price adjustment: if all economic agents

take market prices as given and outside their control, how can prices move? Who is left

to adjust prices?" (Varian, 1992, p. 397)

Within ‘orthodox’ theory this puzzle is solved by the concept of the ‘Walrasian auctioneer’, who

searches for prices that solve the mutual optimization problem of all agents in the economy (see the

‘formal view’ of the GE framework below). Hence, he matches demand and supply schedules in all

relevant markets of the economy of Robinson Crusoe Island. We will discuss below the implications

of this abstraction, and its impact on interaction of agents and the role of information. However, we
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know that Agent Island is populated by a plurality of agents that employ rule{based or routinized

behavior. This is a strong deviation from the ‘orthodox’ framework: It enables a maximum 
exibility

to the design of agent behavior. This leads to a more realistic modeling of interaction, information

processing, uncertainty, and so on. The researcher is not caught in the narrow ‘prison’ of ‘Wal-

rasian’ economics; however, if necessary, he can ‘borrow’ some aspects form ‘orthodox’ economics.

The point is that the modeling features the 
exibility to move as near as necessary to the relevant

behavior of agents. Nevertheless, agent{based models possess a likewise high level of ‘abstraction’.

In contrast to some critics of agent{based research we can state that ‘abstraction’ in ACE prevails

as the core concept of scienti�c research. Agent{based modeling, however, opens the possibility to

adjust the degree of abstraction perfectly to the needs of the research �eld or the investigated topic

as opposed to ‘orthodox’ economics, where the degree of abstraction is unchangeably de�ned by the

strict assumptions of the GE framework.

Another important issue of agent behavior is the role of uncertainty. We know that Robinson

Crusoe (of ‘orthodox’ economics) follows the notion of far forward{looking rational expectations20.

To understand this idea, we have to make some preliminary considerations: In this context the

di�erentiation between ‘risk’ and ‘true uncertainty’ is important. This topic is introduced by Knight,

1921, whereby ‘risk’ refers to situations where an agent can assign mathematical probabilities to the

randomness which he is facing. On the contrary, in case of ‘true uncertainty’, the existing randomness

can not be expressed in terms of probabilities. This phenomenon lies in the mere complexity to

assign probabilities to events. Because of the complexity of an economy as a whole and because of

the interacting behaviors, it seems to be impossible for any economic agent to calculate probabilities

for relevant states. This point was already emphasized by John Maynard Keynes in his ‘response’

to his critics in 1937 where he states:

\By ‘uncertain’ knowledge, let me explain, I do not mean merely to distinguish what is

known for certain from what is only probable. The game of roulette is not subject, in

this sense, to uncertainty; nor is the prospect of a Victory bond being drawn. Or, again,

20The term ‘rational expectations’ is coined by Muth, 1961. It implies that agents’ expectations are correct on
average. To put it di�erently, although the future is not fully predictable, agents’ expectations are assumed not to
be systematically biased. The agents use all relevant information in forming expectations of economic variables. The
notion behind that is the ‘best guess’ of the future or ‘the optimal forecast’ of future outcomes.



26

the expectation of life is only slightly uncertain. Even the weather is only moderately

uncertain. The sense in which I am using the term is that in which the prospect of a

European war is uncertain, or the price of copper and the rate of interest twenty years

hence, or the obsolescence of a new invention, or the position of private wealth owners

in the social system in 1970. About these matters there is no scienti�c basis on which to

form any calculable probability whatever. We simply do not know." (Keynes, 1973, p.

113-114)

In addition, Keynes added:

\[...] the hypothesis of a calculable future leads to a wrong interpretation of the principles

of behavior." (Keynes, 1973, p. 122)

The concept of rational expectations applied to the optimization problem on Robinson Crusoe

Island is therefore questionable. It should thus not surprise that Agent Island is subject to ‘true

uncertainty’: The islanders cannot calculate any rational expectations outcomes for the future val-

ues of economic variables. They simply do not know the true ‘meta model’ of the economy. The

researcher does not know this model neither. He rather endows the agents with data and routinized

behavior, but he has no ‘meta model’ of how the interaction of many thousands of such routines

operates. If he had, he would not need to conduct agent{based computer simulations. Lastly, it

is important to examine the behavior of agents under ‘true uncertainty’. According to Keynes two

‘factors’ in
uence the expectation formation of an agent (Keynes, 1936): (i) current facts, and (ii)

the expectations of other agents. Keynes argues that expectations formed under ‘true uncertainty’

tend to be to a considerable degree backward{looking as they project past or current situational

‘factors’ into the future instead of being exclusively forward{looking, as suggested by the rational

expectations hypothesis. According to this notion, it is apparent that the inhabitants of Agent

Island form backward{looking expectations, because they are not able to forecast the true future

outcomes of the model.

In brief, the Robinson Crusoe agent is endowed with a sort of hyper{rationality or ‘olympic’

rationality (Fagiolo and Roventini, 2008). Its rationality knows no bounds (Leijonhufvud, 2006a).
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In contrast, the arti�cial economy of Agent Island is built upon simpli�ed rule{based or routinized

behavior; agents are thus subject to the concept of ‘bounded rationality’. This ‘bounded ratio-

nality’ has two components (Epstein, 2006b): Agents have neither global information nor in�nite

computational power.

Economic Interactions

One important source of interaction is rooted in the role of uncertainty. According to Pesaran, 1987,

decision making under uncertainty can be described by a process in which an agent is not perfectly

aware of the consequences of his action. When one examines the role of uncertainty in economics, two

di�erent sources of uncertainty can be identi�ed (Pesaran, 1987): (i) ‘exogenous uncertainty’, and

(ii) ‘endogenous uncertainty’. ‘Exogenous uncertainty’ covers uncertainty due to exogenous ‘factors’

(in the context of macro dynamics this is for example described by the role of exogenous disturbances

like wars or other political events). In contrast, ‘endogenous uncertainty’ can be attributed to the

impact of economic actions chosen by some other agents. Therefore, ‘endogenous uncertainty’ is

also characterized as ‘behavioral uncertainty’, because it arises endogenously from the behavior of

other market participants. Following ‘endogenous’ or ‘behavioral uncertainty’ the occurrence of a

certain state is not an invariant result of the agent’s own behavior. The existence and prevalence of

‘behavioral uncertainty’ is rather due to the capacity of individuals to adapt and react to another

in a non{negligible manner (Pesaran, 1987). Consequently, the degree of ‘behavioral uncertainty’ is

related to the extent to which individuals are be able to in
uence the actions of others by their own

actions, or conversely, to what extent they are themselves in
uenced by the actions of other agents.

Therefore, Pesaran, 1987, concludes that in reality all decentralized systems of economic decision

making are subject to ‘behavioral uncertainty’.

This point highlights the weakness of the ‘microfoundation’ in the case of Robinson Crusoe:

In this approach ‘endogenous’ or ‘behavioral uncertainty’ is not comprised. Agents do not react

explicitly to the behavior of other agents. They rather do constraint optimizations in order to obtain

their individual demand or supply schedules. All ‘interactions’ are considered via the ‘Walrasian

auctioneer’:
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\The most salient structural characteristic of Walrasian equilibrium is its strong de-

pendence on the Walrasian Auctioneer pricing mechanism, a coordination device that

eliminates the possibility of strategic behavior. All agent interactions are passively me-

diated through payment systems; ‘face{to{face’ interactions are not permitted. [...] The

equilibrium values for the linking price [...] variables are determined by market clearing

conditions imposed through the Walrasian Auctioneer pricing mechanism; they are not

determined by the actions of consumers, �rms, or any other agency supposed to actually

reside in the economy. Walrasian equilibrium is an elegant a�rmative answer to a log-

ically posed issue: can e�cient allocations be supported through decentralized market

prices? It does not address, and was not meant to address, how production, pricing, and

trade actually take place in real{world economies through various forms of procurement

processes. [...] What happens in a standard Walrasian equilibrium if the Walrasian

Auctioneer pricing mechanism is removed and if prices and quantities are instead re-

quired to be set entirely through the actions of �rms and consumers themselves? Not

surprisingly, this ‘small’ perturbation of the Walrasian model turns out to be anything

but small. [...] As elaborated by numerous commentators, the modeler must now come

to grips with challenging issues such as asymmetric information, strategic interaction,

expectation formation on the basis of limited information, mutual learning, social norms,

transaction costs, externalities, market power, predation, collusion, and the possibility

of coordination failure." (Tesfatsion, 2006, p. 833{835)

Against the background of the stated notion of behavioral uncertainty it becomes obvious, that

the economy of Crusoe Island does not feature such behavioral uncertainty or any forms of interac-

tions beyond the price mechanism governed by the ‘Walrasian auctioneer’. In addition, according to

the application of the ‘representative agent’ in the household and �rm sectors, the logic of ‘behav-

ioral uncertainty’ within these sectors is totally factored out. In contrast, trading on Agent Island

is governed by procurement processes. Evidence from real world implies that:

\[...] customers and suppliers must identify what goods and services they wish to buy

and sell, in what volume, and at what prices. Potential traders must be identi�ed,

o�ers to buy and sell must be prepared and transmitted, and received o�ers must be
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compared and evaluated. Speci�c trade partners must be selected, possibly with further

negotiation to determine contract provisions, and transactions and payment processing

must be carried out." (Tesfatsion, 2006, p. 834)

This observation is the basis for the design of interaction through ‘face{to{face trading’ and

procurement processes on Agent Island.21 In case of removing the ‘Walrasian auctioneer’ and turning

to more realistic procurement processes, we have to apply a minimal requirement: This implies that

individual agents on Agent Island have to be endowed with rules, which satisfy that (i) terms of trades

(prices and production levels) are de�ned, (ii) a seller{buyer{matching is described (de�ned through

search routines), (iii) actual trade is conducted, (iv) settlement is ful�lled, and (v) a rationing

mechanism is de�ned in case of excess demand (Tesfatsion, 2006). Furthermore, generating and

processing information takes up an important role with respect to the interaction of agents. The

following paragraphs discuss that point.

Information

By now it should become clear that the access to information and the possibility to process the

available information is crucial to the structure of the economy. The economy of Robinson Crusoe

Island is based upon some strict and special assumptions concerning the treatment of information.

In principle, there are two alternative views concerning the role of information in the ‘Walrasian’

framework:

Informal view According to the ‘informal view’ the process of price determination is not de�ned

clearly. It is the vague notion stated above, namely that all agents are price takers, and

prices are set by an unknown process. According to Kirman, 2006, this characterization of

the ‘Walrasian’ system characterizes an uncontrolled system, where equilibrium prices are

found through a unde�ned bargaining process. The crucial point is that according to the

‘informal view’, the Robinson Crusoe agent possesses a great deal of information (e�ectively

all information existing in the whole economy). Moreover, the agent must exhibit all calculation

capabilities to process the information. Consequently, the ‘informal view’ represents the idea of

hyper{rationality or ‘olympic’ rationality|as stated above. The key problem of the ‘informal

21This is especially true for the capital goods market, which features ‘monopolistic competition’.
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view’ is that in reality agents are endowed with limited computing power and they have access

to limited information only (Colander, 2006). Thus, one can assume that no real{world agent

can do such complex calculations into the far future, for which economist have to use complex

computer{based approximation algorithms. Note that the GE framework is, however, far less

complex than reality. Hence, in reality, agents would need much more computational power

to solve ‘Walrasian’ optimization problems.

Formal view In contrast to the ‘informal view’, there exists the more abstract and precise view,

which is near the original view of L�eon Walras or Kenneth Arrow and Gerard Debreu. The

‘formal view’ assumes that the amount of information that individuals have to know and pro-

cess is negligible (Kirman, 2006). All the agents need is the current vector of prices and their

opportunity set. Given those facts, ‘Walrasian’ agents have to calculate and announce their

excess demand to a central institution. But agents have to know nothing about the generation

of equilibrium prices. The mechanism behind the generation of prices is the ‘Walrasian auc-

tioneer’. Assuming this, little information is needed by individual agents, because the relevant

information is processed for them. The key problem to this central price setting mechanism is

the fact that the application of this central auctioneer to reality is impossible. Such a central

institution would need an in�nite amount of information in order to bring the system into

equilibrium (Kirman, 2006).

In both views the treatment of information is crucial. Both views represent pretty unrealistic

assumptions on generating and processing information. In contrast, on Agent Island, agents do not

posses perfect information, nor is there a central planer that is needed to calculate equilibrium prices

for the markets.22 Accordingly, some individual data (i.e. information) are designated as publicly

accessible to all other agents, some are designated as private and therefore not accessible by any

other agents, and some are designated as protected from access by all but a speci�ed subset of other

agents (Tesfatsion, 2006). Figure 1.1 illustrates the role of information within economic interactions

on Agent Island.

22As already noted, the consumer goods market on Agent Island is cleared by a central institution that collects
individual supply and demand schedules. This is for the sake of simplicity. But this is not the case in the capital
goods market.
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Aggregation of variables
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Macro level data
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Aggregation of variables
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Macro level data

Period: t+1

Figure 1.1: Interaction pro�le represented by the information 
ow

Figure 1.1 depicts the fact that aggregate information emerges bottom up by aggregating indi-

vidual information (e.g. by aggregating individual incomes to GDP). This aggregate information

set is used in the following period by agents, which is illustrated through agent 1 in the �gure: He

receives information from the last{period aggregate level (e.g. the last{period’s consumer goods

price) and from the present aggregate level (e.g. the present credit interest rates). In addition, he

receives information from other agents (e.g. the individual supply prices for goods he demands),

generated in the present or in the previous period. Finally, agent 1 receives own information gener-

ated in the last period, such as the last{period’s disposable income. Hence, there are many sources

of information. In sum, this enables complex interaction e�ects within the model. One can state, as

Leight Tesfatsion does, that \everything seems to depend on everything else" (Tesfatsion, 2006, p.

861). This is obviously a major di�erence between Robinson Crusoe Island and Agent Island.

Role of Money

Both arti�cial island economies are designed to perform monetary policy analysis23|but on Robin-

son Crusoe Island money is not decisive. This means that the economy is based upon the real

exchange of goods and services: All economic transactions are rooted in their real parts. If at all,

money is added rather than integrated into the model. In addition, the islanders of Robinson Cursoe

Island have perfect calculation capacities, so that the main functions of money (such as the reduction

of transaction cost through fewer relative prices) are obsolete:

23In this case Robinson Crusoe Island represents the ‘New Keynesian framework’ as outlined by Woodford, 2003.
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\However the structure of the dominant macro{ and microeconomic theories of our time,

which are built upon the modern version of Walrasian general equilibrium theory, ignores

the �nancial dimensions of capitalist economies. [...] The postulate of general equilibrium

theory which ensures that money and �nance are excluded from the core of the theory

is that variables in preferences systems are goods and services." (Minsky, 1995, p. 197

and 207)

On the contrary, the economy of Agent Island is endowed with a central bank that issues means

of payment. Money is decisive on Agent Island, and it is integrated in each economic process.

Accordingly, there exists a ‘unit of account’, a ‘medium of account’, and a ‘medium of exchange’ on

Agent Island.24 This enables, for example, the storage of wealth through �nancial assets. Finally,

the model of Agent Island features a stock{
ow consistent framework of an economy. There exists

a double{entry book keeping system, so that, for example, ‘
ow{of{funds accounting’ is possible.

It is therefore possible to analyze systematically the ‘monetary circuit’ of Agent Island. In each

computational step of the simulation run the researcher has access to any accounting data, such as


ow{of{funds data of each individual agent, or on each level or aggregation. This is obviously an

advantage over ‘orthodox’ economics.

Macroeconomic Dynamics

The arti�cial economy of Robinson Crusoe Island moves even beyond perfect information by adding

stochastic risk (de�ned through probability distributions) to the general equilibrium optimization

problem over time. Accordingly, the behavior of Crusoe becomes a gigantic ‘dynamic stochastic

optimal control problem’ (Colander, 2006). One key di�erence of Agent Island and Robinson Crusoe

Island lies therefore in the notion of equilibrium:

\One key departure of ACE modeling from more standard approaches is that events are

driven solely by agent interactions once initial conditions have been speci�ed. Thus,

rather than focusing on the equilibrium states of a system, the idea is to watch and see

if some form of equilibrium develops over time." (Tesfatsion, 2006, p. 843)

24This terms are de�ned at the end of chapter 2.
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On Robinson Crusoe Island the equilibrium is exogenously imposed on the economy, i.e. the

researcher searches for simultaneous equilibrium prices in all relevant markets. This searching is

conducted by the ‘Walrasian auctioneer’.25 In contrast, no exogenous equilibrium concept is im-

posed on the Agent Island economy. The aggregate behavior and dynamic of the economy evolves

bottom{up out of individual actions and interactions. It is one topic of the ‘validation’ procedure

to �nd an appropriate equilibrium concept, which can be applied to our simulation model.

Lastly, the arti�cial economy on Robinson Crusoe Island does not contain an explicit theory

of business cycle dynamics, because the economy rests in the steady state unless it is hit by some

exogenous stochastic shocks. It does therefore not explain the movements of the business cycle en-

dogenously. It rather generates its dynamics with a sort of ‘deus{ex{machina mechanism’ (Fagiolo

and Roventini, 2008). ‘Walrasian’ researches ask the question, how can deviations from the equilib-

rium take place? They search for shocks that account for such 
uctuations. In addition, they usually

add ‘imperfections’ (such as nominal price rigidities) to the system, which account for the fact that

shocks are not perfectly dampened (Colander, 2006). For example, on ‘Woodford Island’ (the island

of the ‘New Keynesian’ macroeconomics, the state{of{the{art in modern monetary theory) real ef-

fects of monetary policy are exclusively based upon the existence of price rigidities. If they were

absent, the model would immediately fall back into a new 
exible{price equilibrium state, after the

occurrence of an exogenous shock. In this equilibrium state the real interest rate is the outcome

(i.e. the equilibrium price) of the market for savings and investment. In contrast to that view, the

arti�cial economy of Agent Island has a tendency to chaotic behavior, which is kept under control

by institutions. The important question is therefore, why is there as much stability in an economy

as there is? Thus, one di�erence between the perspective of Crusoe Island and that of Agent Island

lies in the instability of the system. For Agent Island, \what is unusual about the macroeconomy is

not that it exhibits instability; it is that it is not in total chaos" (Colander, 2006, p. 10).

Drawbacks of Agent{Based Computer Simulations

According to Tesfatsion, 2006, one can identify (of course) some drawbacks of the agent{based

computer simulation approach: (i) An agent{based model requires a dynamically complete modeling.

25This is the logic of the above described ‘formal view’ of the ‘Walrasian’ GE.
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This implies that starting from the setting of the model, the model must permit and fully support

the playing out of agent interaction without further intervention from the researcher. Due to complex

interactions and feedback loops, this initial adjustment of the model is a really di�cult task. (ii)

According to this requirement of complete modeling, the researcher has to consider all possible cases

(outcomes or states); otherwise the model could stop, provided that a state occurs which is not

considered in advance (such as the capital stock of a �rm is falling to zero). (iii) In the next place,

it is not clear how well agent{based models will be able to scale up to provide empirically and

practically useful models of large{scale systems with many thousand agents. (iv) Lastly, the major

problem is the ‘validation’ of the agent{based model, i.e. the adjustment of the model settings

against empirical data. This last point is the central issue of the following section.

1.3 Validation Framework

It is the main purpose of the present study to deliver a reasonable validated macroeconomic model.

‘Validity’ is thereby the key property of an agent{based simulation model (Kl�ugl, 2008b). It means

that the ‘right’ model is used with respect to the intention of the researcher (Balci, 1994). Hence,

validity of an agent{based model is necessary for any normative analysis: A valid model produces

reliable results, and only a valid model is able to answer questions directed at the original system.

Therefore, ‘validation’ can be de�ned as \the process of determining whether a simulation model is

an accurate representation of the system, for the particular objectives of the study" (Law, 2005, p.

24). In general, there exists a variety of ‘validation’ types. For example ‘validation’ can be empirical,

or statistical; ‘validation’ can cover the theory, the conceptional model, or the program code, and

so on.26 In this study we follow the ‘validation’ approach suggested by Kl�ugl (Kl�ugl, 2008a; Kl�ugl,

2008b), which is developed in the �eld of computer science. Figure 1.2 illustrates the framework of

this approach.

Before we describe the single steps depicted in �gure 1.2 during the following subsections, we

want to illustrate some problems regarding the ‘validation’ process. ACE is an interesting framework

due to the intuitive structure of the models based on the analogy between agents and the active

26See for example Sargent, 2007, for a review of the various ‘validation’ types.
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elements in the ‘original system’. The ‘validation’ of such an ACE model is an essential task, which

features several problems (see Kl�ugl, 2008b): For example, empirical and statistical ‘validation’ is

only possible, if characteristic �gures can be de�ned that describe the system in a correct way. The

topic of the present analysis treats time series data on the aggregate level. In this circumstance, it

will be necessary to compress the time series data to some individual �gures, e.g. expected value

and standard deviation. Moreover, agent{based simulations are adequate for studying transient dy-

namics. It is therefore of interest whether the dynamics of a system can or cannot lead to a steady

state. In addition, the ‘validation’ task is further complicated through complex interaction e�ects,

feedback loops and non{linear e�ects of parameter changes on simulation outputs.

Furthermore, it is problematic that the ‘validation’ process is optimally conducted on multiple

levels. In e�ect, this means that input{output relations have to be investigated on the aggregate

level, but also on some disaggregate levels|down to the individual agent level (Kl�ugl, 2008b). In

the context of the ‘validation’ of the present model, we forgo such a ‘validation’ on multiple levels

of the model. According to our framework, we validate the model exclusively to phenomena per-

ceived on the macro level: Thereby the parameters on micro level have to be adjusted in such a way

that the macro output matches that of the ‘original system’. We call this ‘original system’ also the

‘reference system’. The approach of validating a model only on the macro level is along the lines

of the concept of ‘generative su�ciency’, which is explained in the subsequent paragraph. Besides

this, ‘validation’ on the individual level would be a di�cult (if not impossible) task. This is at least

due to lacking individual micro data. We will see later on that most empirical studies are conducted

on the aggregate level (such as the estimations of aggregate savings’ rates, or aggregate production

functions, and so on). Empirical studies based on micro data are quite rare. Finally, there exists the

problem of over{parametrization: Suppose that the model contains to many ‘degrees of freedom’. In

this case an automatic optimizing calibration tool will be always able to �t the model to the data.

As a consequence of multiple problems concerning ‘validation’, the concept of ‘generative su�-

ciency’ was introduced by Epstein, 2006a:
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\Agent-based models provide computational demonstrations that a given microspeci�ca-

tion is in fact su�cient to generate a macrostructure of interest. Agent{based modelers

may use statistics to gauge the generative su�ciency of a given microspeci�cation|to

test the agreement between real-world and generated macro structures. [...] A good �t

demonstrates that the target macrostructure|the explanandum|be it a wealth distri-

bution, segregation pattern, price equilibrium, norm, or some other macrostructure, is

e�ectively attainable under repeated application of agent-interaction rules: It is e�ec-

tively computable by agent society. [...] Indeed, this demonstration is taken as a necessary

condition for explanation itself. [...] Thus, the motto of generative social science, if you

will, is: If you didn’t grow it, you didn’t explain its emergence. [...] In summary, if the

microspeci�cation m does not generate the macrostructure x, then m is not a candidate

explanation. If m does generate x, it is a candidate. If there is more than one candidate,

further work is required at the micro{level to determine which m is the most tenable

explanation empirically" (Epstein, 2006a, p. 8 and p. 9)

According to ‘generative su�ciency’, the focus of our model development lies in the ability to

reproduce observed aggregate phenomena based upon individual agents and their interactions. We

apply this notion and integrate it into the ‘validation’ framework of Kl�ugl, 2008b: As explained

above, the intention of ‘validation’ is to verify that the ‘right’ model is used for the purpose of

interest. The point is, what the word ‘right’ implies? In the present context we use the concept

of ‘generative su�ciency’ to concretize the notion behind the term ‘right model’. Accordingly, our

model is the ‘right’ one, if it is able to reproduce (bottom up) the macro behavior of the ‘reference

system’. Because it is our aim to develop a micro structure that generates the macro phenomena

we are interested in, the present model belongs to the group of ‘generative social sciences’|and the

‘validation’ approach of �gure 1.2 guarantees that the model is able to �t to the macro phenomena.

Conversely, we exclude the formal testing of any ‘micro validity’. The following subsections explain

brie
y the ‘validation’ steps indicated by �gure 1.2.
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1.3.1 Conceptual Model

The basic building block of an agent{based simulation is the ‘conceptual model’. Constructing an

ACE model gives the researcher a sense of playing God in his own arti�cial world. As explained

throughout section 1.1, the researcher has to de�ne a number of agents with characteristic variables,

a set of decision rules or routines, and an environment in which interaction takes place. Those def-

initions are constituted in the ‘conceptual model’. In case of the presented model, the programing

took place in the SeSAm programing environment.27

For the initial construction of the model we followed a three{step approach (see Bruun, 1995).

In the �rst step, we have to �nd macro{bindings, which are relevant to our macro system. We thus

de�ne that the model of Agent Island has to feature the following aspects on the aggregate level:

1. The Agent Island economy is a closed economy without a government sector (i.e. government

expenditures do not take place). The aggregate national income equation for the Agent Island

economy is Y = C + I.

2. We design a ‘perfect competitive’ consumer goods market and a capital goods market featuring

‘monopolistic competition’. In addition, a labor market must be integrated, in which a central

bargaining between a labor union and an employer association takes place at the beginning of

each period.

3. Agent Island has a closed ‘monetary circuit’ without cash money, i.e. there is a perfect book-

keeping system for monetary 
ows and stocks.

4. Economic policy on Agent Island is executed through interest rate policy of a central bank.

This implies the existence of monetary ‘transmission channel(s)’. In here, we use a ‘Wicksellian’

framework.

The identi�cation of macro{bindings does not imply that we should model those macro{bindings

�rst, but they assist us in the subsequent steps. In the second step, we consider the micro analysis:

27SeSAm stands for ‘Shell for Simulated Agent Systems’. The reader can �nd the SeSAm software, tutorials, as
well as additional material on http://www.simsesam.de/. The installer for the presented simulation model is located
on the CD in appendix C.
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This covers the design of individual behavior of agents, i.e. how they act and react. As mentioned,

we have to bear in mind the above mentioned macro restrictions when modeling behavior on the

micro level. Accordingly, the Agent Island economy encompasses markets for consumption goods

and capital goods. The latter is necessary because of the intertemporal characteristics of the model,

i.e. according to to the central bank interest rate policy. Moreover, the central bank policy must

a�ect some decisions of the agents, so that there is at least one ‘transmission channel’ of monetary

theory. The �nancial settlement of transactions is conducted through a book keeping system. Finally,

we assume ‘perfect competition’ in the consumer goods market, ‘monopolistic competition’ in the

capital goods market, and central bargaining in the labor market. We will explain these assumptions

during chapter 2. However, the design of the markets a�ects the individual routines of all agents.

We have to keep these points in mind throughout the design of any transaction. The third and �nal

step of the basic model design is the simulation. It combines macro and micro perspectives. This

implies the interaction of micro behaviors and the macro bindings within the programed computer

simulation.

1.3.2 Face Validation

The ‘validation’ process described in �gure 1.2 starts with a run{able model. This implies that

simulation output can be generated through simulation runs. It is important to note that this

does not mean that ‘validation’ is irrelevant in earlier phases of the model development. In fact,

the opposite is true: If not, at �rst, the conceptual ‘validation’ is considered, the subsequent steps

considered in the ‘validation’ framework do not make sense (Kl�ugl, 2008b). We de�ne ‘face validation’

in accordance to (Kl�ugl, 2008b, p. 3): \All tests based on reviews, audits, involving presentation

and justi�cation of assumptions and model structure are used for reaching this form of plausibility".

Importantly, ‘face validation’ takes place on several aggregation levels, i.e. it can be applied on the

macro or individual level (Kl�ugl, 2008b). Usually we are interested in aggregate model outputs given

through absolute values, relations between di�erent values, and the dynamics of certain variables.

In here, the researcher (i.e. a human expert) has to evaluate whether the simulation behaves like the

‘original system’. In context of the model of Agent Island, the process of ‘face validating’ the model

has taken up several months. In our view, it is maybe the most helpful (or e�ective) device within
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the whole ‘validation’ process. Without intensive ‘face validation’, we could have never developed

and validated the model in a reasonable way.

1.3.3 Sensitivity Analysis

Within the present framework depicted in �gure 1.2 the results of the sensitivity analysis delivers a

minimal model to be investigated in the further ‘validation’ process. This implies that parameters

without signi�cant impact on model output drop out from further investigations. Equally important,

the sensitivity analysis is used to verify the assumed relationships between micro parameters and

macro output. Accordingly, we use the sensitivity analysis to develop a basic understanding of

our simulation model (Kleijnen et al., 2003). In this context the present subsection should give

some basic methodological guidelines for a sensitivity analysis and computer experiments. The

latter is necessary, because the data used in the sensitivity analysis are generated through computer

experiments. Hence, we need to discuss some basics in ‘experimental design’ (usually termed ‘Design

of Experiments’, or DoE in brief) as well. Before we turn to these speci�c topics, we have to de�ne

some terminology (see Fang et al., 2006):

Experiment, ‘Design of Experiments’ An experiment is the methodical con�guration of a sys-

tematic scienti�c inquiry.28 Such an experimental inquiry can be conducted physically or as

a computer experiment. Within an experiment there is at least one experimental ‘factor’ (see

the next point) which is varied, in order to investigate the systematic e�ect on the ‘response(s)’

of the experiment (see again below). The con�guration of the variation of ‘factors’ is subject

to the ‘Design of Experiment’. Thus, DoE indicates how to vary the settings of the ‘factors’

to see whether and how they a�ect the ‘responses’.

Factor A ‘factor’ is a controllable parameter (such as structural or behavioral parameter, but also

initial values of endogenous variables) that is of interest in the experiment. In general, a

‘factor’ may be quantitative or qualitative. Except for one case we treat only quantitative

‘factors’. The only qualitative ‘factor’ leads to a distinction of cases within our analysis. In

a computer experiment (as in the present study), a ‘factor’ is often called ‘input variable’ as

28In general, an experiment is a method of investigating less known �elds, solving practical problems, and proving
theoretical assumptions.
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well. Henceforward, we will use both terms (i.e. ‘factor’ and ‘input variable’) as synonyms.

Experimental domain, level, and scenario The experimental domain is the space where the

‘factors’ or the input variables take values. Within computer experiments this is also called

‘input variable space’. A ‘factor’ may be chosen to have few or many speci�c values, at which

the ‘factor’ is tested. We call these selected values the levels of the ‘factor’. In addition, a

level combination de�nes an investigated scenario, i.e. it de�nes a certain point in the ‘input

variable space’ or the ‘experimental domain’. Sometimes it is also called ‘experimental point’.

Run A run de�nes the implementation of a scenario (or level combination) in a computer experi-

ment. Multiple runs within the same scenario (i.e. replications or reruns) reproduce the same

results, when the model is deterministic; or they produce various results, when the model

exhibits stochastic elements. The latter is the case within the model of the present study.

Response The ‘response’ de�nes the results (outputs, or outcomes) of a simulation run based on

the purposes of the experiment. Usually, the ‘response’ is a quantitative measure, but it can

be also qualitative or categorial. We concentrate on quantitative ‘responses’ throughout this

study.

Factorial design A ‘factorial design’ is a set of level combinations with the main objective of

estimating the e�ects of the ‘factors’ on the ‘response(s)’. It is the topic of DoE to �nd an

appropriate ‘factorial design’. In some cases, it is possible and appropriate to investigate the

total experimental domain in an experiment. Such a design is called ‘full factorial design’. On

the other hand, in a ‘fractional factorial design’ only a subset of all level combinations (i.e.

the entire input variable space) is investigated.

In the next step we explain, at �rst, the opted ‘experimental design’. This gives the basis of the

experimental investigations in section 3.3. Thereafter, we give a short illustration of the statistical

methodology applied in the sensitivity analysis of section 3.3. As explained above, the sensitivity

analysis is based upon data generated through computer experiments.
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Design of Experiments: Nearly Orthogonal Latin Hypercube

Considering the model of this study, it will be necessary to design the experiments in an appropriate

way, because we have to investigate many ‘factors’, and the underlying processes are assumed to

be complex and non{linear. The following statement should illustrate the rationale for designing

experiments and what happens if this is not done:

\Instead of using even a simple experimental design, many analysts end up making runs

to measure performance for only a single system speci�cation, or they choose to vary

a handful of the many potential ‘factors’ one{at{a{time. Their e�orts are focused on

building, rather than analyzing, the simulation model. DoE bene�ts can be cast in terms

of achieving gains (e.g., improving average performance by using DoE instead of a trial{

and{error approach to �nding a good solution) or avoiding losses (e.g., obtaining an

optimal result with respect to one speci�c environmental setting may lead to disastrous

results when implemented)." (Kleijnen et al., 2003, p. 2)

As explained above, DoE covers the variation of the experimental ‘factors’, i.e. it treats the

factorial design. Suppose a sensitivity analysis with n ‘factors’. We can therefore de�ne a ‘design

matrix’ FX for experiment X :

FX =

0

B

B

B

B

B

@

f1;1 f1;2 : : : f1;n
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: : :
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In general, the columns of the ‘design matrix’ correspond to ‘factors’, and the entries within a

column represent settings (or levels) for the corresponding ‘factors’. The rows represent a particular

level combination, scenario, or design point. The levels may be coded (e.g. ‘+’ for the high level,

‘0’ for the medium level, and ‘-’ for the low level in a three{level design). Considering the present

study, we do not use coded levels, i.e. we use the ‘natural levels’ of the ‘factors’. The matrix above

is arranged in the following way: f1;2 delivers the level of ‘factor’ 2 (second column) in the �rst

of m scenarios (�rst row). In general, the ‘design matrix’ is spanned over a set of n ‘factors’, and

m scenarios. This gives a m � n ‘design matrix’. Besides this, we assume r replications of the m
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scenarios. Accordingly, we need to conduct r �m total runs in the experiment. Next to the ‘factor

matrix’ FX , the ‘responses’ of experiment X are captured in a ‘response matrix’ RX (including l

‘responses’):

RX =

0
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This matrix is arranged in analogy to the ‘design matrix’ above. Again, as we apply r replica-

tions, we obtain r replications of this ‘response matrix’. The description so far will give us a rough

idea of ‘experimental design’. However, there is an obvious problem: When the number of ‘factors’

becomes large, the data requirement grows exponentially. For example, if we investigate only two

‘factors’ with two levels, we have to conduct 22 = 4 runs. If we expand the levels from 2 to 10, this

number rises to 102 = 100 scenarios. If we investigate 10 ‘factors’ with just 2 levels, 210 = 1; 024

runs must be conducted and investigated. Finally, if we are interested in 10 ‘factors’ each of them

comprising 10 levels, this amounts to 10 billion simulation runs! Thereby, no replications are as-

sumed. In anticipation of the description of the conceptual model and the according parameters,

we must state that we are interested in more than 10 ‘factors’, each of them spanned over a broad

domain.

As a consequence, we have to apply a smart DoE method in order to conduct the sensitivity anal-

ysis (see Sanchez, 2006): We apply the design of a ‘Nearly Orthogonal Latin Hypercube’ (NOLH).29

This design provides a 
exible way of constructing an e�cient design for computer experiments with

many ‘factors’. In particular, a NOLH features good ‘space �lling’ properties. See the scatterplots in

�gure 1.3 for a comparison of a ‘full 54 factorial design’30 and its NOLH counterpart for 4 ‘factors’.

In the ‘full factorial matrix’ each of the 54 = 625 ‘design points’ have to be investigated. Unlike the

‘full factorial design’, the NOLH design employs only few design points: In case of the 4 ‘factor’ de-

sign (see �gure 1.3), we just need 17 ‘design points’. Thereby, the design is called ‘Latin Hypercube’,

because it requires that there is only one ‘design point’ in each row and one in each column. This

29This design goes back to Cioppa, 2002.
3054 means 4 ‘factors’ each of them comprising 5 levels.
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gives a ‘Latin Hypercube’. Moreover, this notion is extended by the the concept of ‘orthogonality’,

which implies that the entire ‘input variable space’ is sampled evenly. As a consequence of the

NOLH design, we require 65 ‘design points’ for the investigation of an experiment comprising 16

‘factors’.31 As we will see in section 3.3, we are interested exactly in 16 ‘factors’.

Figure 1.3: Scatterplot matrices of (i) a full 54 factorial design (left panel) vs. (ii) an Orthogonal
Latin Hypercube design with 4 continuous factors (right panel)

Gaussian Kriging

The sensitivity analysis in section 3.3 is based upon the estimation of a ‘meta model’. Suppose that

xi; i = 1; : : : s are design points over an s{dimensional experimental domain, and suppose a response

y. In addition, we assume that there exists a true ‘meta model’ (of the economy of Agent Island)

that describes the connection between inputs and the response (see, for example, Fang et al., 2006).

This ‘meta model’ is represented by a real{valued function:

y = f(x1; : : : xs) = f(x); x = (x1; : : : xs)
0 2 T:

31The Excel spreadsheet is available on http://diana.cs.nps.navy.mil/seedlab/software.html. It delivers the speci-
�cation of the 65 scenarios. In general, the spreadsheet supplies ‘nearly orthogonal designs’ up to 29 ‘factors’. The
obtained outputs constitute a ‘Nearly Orthogonal Latin Hypercube’ design in the units of the problem.
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In here, T de�nes the entire input variable space. The scenarios investigated in the sensitivity

experiments deliver the data required to estimate an approximation ŷ = g(x) of this (true) ‘meta

model’ y = f(x). In this context we use a ‘Gaussian Kriging’32 model, which belongs to the family of

linear least squares estimation algorithms. The goal of the ‘Gaussian Kriging’ model is to estimate

the value of the unknown true function, f , at a point x�, given the values of the function at some

other points x1; : : : xs. The crucial point is that the ‘Kriging’ method is usually applied, if one is

interested in a large number of inputs, and if one is able to investigate a rather small subset of the

entire input variable space (as suggested above by the NOLH design): Therefore, ‘Kringing’ provides

a sophisticated method to interpolate the value of a random �eld at an unobserved location from

observations of its value at nearby locations.

The ‘Gaussian Kriging’ model is de�ned by Fang et al., 2006, as

ŷ = g(x) =

L
X

j=0

�jBj(x) + z(x);

whereby Bj(x); j 2 [0; : : : ; L] is a set of ‘basis functions’ de�ned on the investigated subset of the

input variable space. The �gure z constitutes the random error. In case of the ‘ordinary Kriging’,

this equation (i.e. the ‘basis functions’) is simpli�ed to

ŷ = g(x) = �+ z(x);

As opposed to the usually applied IID assumption, i.e. that the random error is independent

and identically distributed, the ‘Kriging’ method rather assumes that z(x) is a ‘Gaussian process’.33

This rather assumes that the realization of y (i.e. the ‘response’) is normally distributed with mean

� and variance �2. The variance{covariance matrix is represented by �2R, and the R matrix is

composed of elements rij . The used JMP statistical software package applies a product exponential

correlation function with a power of 2 as the estimated model:

32The word ‘Kriging’ is synonymous with ‘optimal prediction’. The method was originally proposed by the geologist
D.G. Krige. See Krige, 1951.

33A ‘Gaussian process’ is a stochastic process which generates samples fXtgt2T in any set T such that no matter
which �nite linear combination of the Xt one takes, these linear combination will be normally distributed. Two
‘Gaussian processes’ that deliver equal functions for the expected value and the covariance are distributed equally.



46

r(�; i; j) = Corr(z(i); z(j)) = expf�

s
X

k=1

�k(xik � xjk)2g;

The parameters �, � and �k are all �tted in the JMP software via ‘maximum likelihood’. It

reports the �gure (�2 � logLikelihood), that is minus 2 times the natural log of the likelihood

function evaluated at the best{�t parameter estimates. As a consequence, smaller values produce

better �ts. See also the explanations below in section 3.3.

1.3.4 Calibration

Agent{based simulation can be a valuable tool for studying real world economies. Thereby, calibra-

tion can be a useful device: Within the calibration procedure selected parameters of the model are

varied in such a way that the model output resembles in su�cient detail the output of the original

system. Hence, calibration is a computer experiment, in which an optimization is applied (Kl�ugl,

2008b). One important topic within the calibration of the model is therefore the selection of the pa-

rameters as well as a quantitative measure of goodness, i.e. an ‘objective function’ that indicates how

good or bad the simulation model matches the original system. We will explain in section 3.4, which

measure characterizes the behavior of the original system in a satisfactory and appropriate manner.

Equally important, it is necessary to identify signi�cant parameters within the previous sensitivity

analysis, i.e. parameters which in
uence the model outputs of interest. Conversely, insigni�cant

parameters drop out from further analysis and from the calibration procedure. The remaining pa-

rameters constitute the ‘minimal model’ to be adjusted within the calibration procedure (see the

description in �gure 1.2).

We develop the simulation within the SeSAm programming environment. SeSAm also enables

the development of computer experiments based upon the programed model. Besides this, there

are several ‘plug{ins’ available for SeSAm, among others, a calibration ‘plug{in’. This employs an

optimization method that minimizes (or maximizes) a quantitative ‘objective function’.34 Impor-

tantly, the calibration tool searches for a parameter combination (a scenario) that minimizes the

‘objective function’ by employing the ‘simulated annealing’ optimization method. In the following

34For a detailed description of the used calibration tool see Fehler, 2008, or Fehler et al., 2005; Fehler et al., 2004.
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we want to give a short description of this optimization method: ‘Simulated annealing’ is a heuris-

tic optimization method that searches for a global maximum or global minimum of an ‘objective

function’. The method is usually applied, if the relationship between the ‘objective function’ and

parameters is complex, and if a basic trial and error process cannot be applied because of too many

possible parameter combinations. Consequently, ‘simulated annealing’ constitutes a method for the

approximation of a global minimum (or maximum). Other heuristic optimization methods can get

stuck in a local minimum (or maximum)|not so the ‘simulated annealing’ method: It usually �nds

a way out of a local minimum (or maximum).

The basic idea of this method is derived from the annealing method in metallurgy.35 Accordingly,

it is a technique where controlled heating and cooling of a piece of metal is used to increase the

size of its crystals and reduce their defects: When the metal is heated, its atoms can move freely.

When the temperature of the metal is slowly reduced, atoms can move in order to adopt a more

stable orientation. Finally, when the metal is cooled slowly enough, the atoms are able to relax

in the most stable orientation. In analogy to this physical process, in each step of the ‘simulated

annealing’ algorithm, the current ‘temperature’ of the optimization method is gradually reduced.

The implication of this cooling will become clear immediately (Kirkpatrick et al., 1983; Fang et al.,

2006): Suppose an ‘objective function’ O(~x) which should be minimized by varying the parameters

described by the vector ~x. The process starts with an initial ‘temperature’ T (in case of the cal-

ibration in the present study T = 500) and an initial level combination, which de�nes the initial

vector ~x0. Now a small random variation �~x (in the investigated parameters) is initiated. If the

resulting value of the function O(~x+ �~x) is smaller than O(~x), the new position (~x+ �~x) is chosen.

However, this algorithm can become stuck in a local minima, because the values of the function

O(~x) would be non{increasing. That is, the algorithm searches for smaller values of O(~x), while

temporarily rising O(~x) is ruled out. In order to circumvent such a lock{in e�ect in a local minimum,

‘simulated annealing’ must contain a further instruction. Here, the ‘temperature’ T comes into play:

‘Simulated annealing’ allows to jump to higher values of the function (which should be minimized)

conditional to the ‘temperature’ of the simulation (which is exogenously annealing). Such an ‘up-

hill’ movement depends on the probability p, given through p = expO(~x)�O(~x+�~x)
T . Obviously, the

35See Kirkpatrick et al., 1983, for the original illustration of this method and its analogy to metallurgy.
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probability p depends on the ‘temperature’ T in such a way that a very high ‘temperature’ allows

(c.p.) ‘uphill’ moves in the value of the ‘objective function’ O(~x) with a higher probability. But,

the longer the simulation runs, the lower the ‘temperature’ gets. Accordingly, the probability that

‘uphill’ moves are allowed decreases (c.p., i.e. for given �O(~x)). In brief, ‘simulated annealing’

requires four ingredients (Kirkpatrick et al., 1983):

1. A description of the parameters of the system;

2. A random generator for moves in the parameters of the system;

3. A quantitative ‘objective function’;

4. An exogenous annealing scheduling of the ‘temperature’, and the simulation length.

Within the calibration ‘plug{in’ we �x the maximum (i.e. the start) ‘temperature’ to 500, and

the minimum ‘temperature’ to 50. Moreover, there is a �xed process of annealing the ‘temperature’,

which is based on the simulation length. We �x the latter to a maximum of 1,000 simulation runs.

Usually, the calibration procedure is �nished after 400 to 700 single runs. This method is used to

generate a calibrated model (see �gure 1.2). In the last step, one has to verify the calibrated model

through statistical ‘validation’.

1.3.5 Statistical Validation

In the last building block of the ‘validation’ framework, the statistical ‘validation’ has to be con-

ducted. This is necessary to verify the results of the calibration procedure. If one would not apply

statistical ‘validation’, the model could be merely tuned through calibration to reproduce given

facts. Hence, we employ several statistical analyses, i.e. we compare some descriptive statistics of

the simulation output with statistics of the original system. Thereby, we use di�erent data than in

the calibration process (Kl�ugl, 2008b). Again, we investigate only outputs on the aggregate level.36

After the successful statistical ‘validation’, we add ‘plausibility’ checks of aggregate model outputs

(delivered by several ‘face validation’ runs). Accordingly, we review the obtained data qualitatively

36In contrast to this, during ‘face validation’ we also investigate data of individual agents. This is necessary to work
out some regularities of the model. But we do not apply systematic ‘validation’ methods on the level of individual
agents.
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against the background of our model and the intended relationships. If, after all of these ‘validation’

steps, the model produces reasonable results on the aggregate level, we conclude that it is validated

by the macro dynamics of the ‘original system’. ‘Validation’ is then �nished.

1.4 Conclusion

This section explains several basic aspects of agent{based computational economics. It should

become clear:

1. What elements an agent{based model must contain;

2. For what reasons a researcher may prefer agent{based computational simulation technique

over the orthodox framework;

3. How a reasonable validated agent{based macroeconomic model can be obtained.

According to that, we have a starting point for the following chapters. There, the conceptual

model will be illustrated in detail, and the ‘validation’ procedure of the model will be discussed.



Chapter 2

Conceptual Model of Agent Island

This chapter describes a monetary macro model developed in an agent{based environment, and

furthermore presents a road map for the design of such a model. As one major aim of this study

is to deliver a �rst agent{based simulation approach in the �eld of monetary macroeconomics, the

model features some monetary aspects that are new in agent{based research, e.g. nominal prices,

in
ation, �nancial assets as well as the central bank. The central bank agent sets nominal inter-

est rates, in order to control output and in
ation in analogy to the simpli�ed situation in the real

world. From this perspective the model pertains to the �eld of monetary theory. In the following

description we present all relevant components of the model, so that the reader gets an idea of the

model itself, but also how to design an agent{based monetary macro model. We will see through

this conceptual model that some pitfalls can occur in developing such a model: The implementation

of the monetary circuit and the �nancial system is easily done, but how to deal with problems of

large in
ation and de
ation is yet more complex. We will address these topics respectively during

the next two chapters. Some of these problems may appear strange to economists unfamiliar with

the agent{based technique. However, they have to be tackled, when one tries to validate such a

model. The description of this chapter therefore gives some guidelines pertaining to further research

in this �eld.

Another contribution of this model is the development of an environment that comprises the

main advantages of agent{based simulations. To point out these advantages, we repeat some basic

theoretical points of chapter 1 with special regard to the model of Agent Island. Chapter 1 identi�es

50
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the most important virtues of the agent{based simulation technique. It is at the very heart of every

agent{based computational model that heterogenous agents in
uence each other through various

interaction{channels and that this micro{interaction is guided by the notion of emergence from the

bottom{up. The following overview stresses these points in the context of the arti�cial economy of

Agent Island:

Heterogenous agents The model contains a variety of heterogeneity in many dimensions. Above

all, the business sector of the model contains two totally heterogenous subsectors. Consumer

goods �rms produce goods (by using the production factors labor and capital) and sell them

to private households in perfectly competitive markets. Each of the produced homogenous

consumer goods, i.e. hash and beans, are sold for one market price during one period. More-

over, the consumer goods �rms are owned by private households. Hence, these �rms pay

capital incomes to the private household sector. In contrast to this, the capital goods sector

produces machines by applying only the labor factor to the production process. Capital �rms

sell their products to �rms in the consumer goods sector in a market exhibiting ‘monopolistic

competition’. We thus assume that capital goods are di�erentiated products (i.e. no perfect

substitute for each other), and that no single market price for all goods exists. In addition,

prices lie above marginal costs due to markup calculations of capital �rms. This leads to the

insight that capital �rms always generate pro�ts1, whereas consumer goods �rms can undergo

periods of losses. After all, capital goods �rms distribute their pro�ts to their owners; these

owners are not private households but consumer goods �rms. This is a short review of the basic

heterogeneity in the business sector. In addition, the private household sector can be divided

into two subgroups: (i) There are households without any �nancial wealth at the beginning of

the simulation. These agents constitute the main fraction of all private households. (ii) Some

private households exhibit a large initial �nancial wealth. Consequently, it is an important

feature of the private household sector that agents within this sector exhibit various income

patterns. We will explain this point below.

Beside the above mentioned basic heterogeneity between sectors or subsectors, the agents

1This takes place, because capital goods prices are always above marginal costs. Fixed costs do not exist.
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within each (sub)sector of the model can exhibit heterogenous behaviors as well. We call this

sectorial heterogeneity: As noted, the consumer goods industry is divided into two subsectors,

the hash producing �rms and the beans producing �rms. Firms in each subgroup produce

the single good according to an idiosyncratic ‘Cobb{Douglas’ production technology with two

production factors, labor and capital. Thereby, output elasticities with respect to labor and

capital di�er among these �rms. The production technologies are characterized by ‘Hicks{

neutral’ exogenous technical change, and the growth rates of ‘total factor productivity’ (TFP)

are heterogenous, because they follow an idiosyncratic ‘random walk with drift’ on the level of

each �rm. In addition, the quantities supplied by each consumer goods �rm are heterogenous

according to an idiosyncratic supply rule; behavioral parameters in these rules di�er among

�rms. Capital �rms behave also di�erently in their supply decisions. Besides this, they pro-

duce machines with respect to an idiosyncratic TFP and growth rates of the TFP.

The private household sector is heterogenous in many points as well: Households di�er in their

preferences in both consumption goods as well as in their preferences between consumption

today and in the future, i.e. consumption and savings behaviors are heterogenous. Note that

it is a basic feature of the model that household agents exhibit heterogenous income patterns

according to initial �nancial wealth. Besides this, every household is assigned exclusively to

one �rm as an employee (and maybe as a shareholder) through the whole simulation run.

Thus, the labor (capital) income varies due to the income generated by the �rm, the house-

hold agent is employed by (the household agent owns): As employers alter their produced

output, the labor income of the employees alters with the output. The same is true for the

pro�ts of �rms, and therefore the capital income of the shareholders. Consequently, the labor

and capital incomes of household agents assigned to di�erent �rms vary among each other,

and the labor and capital incomes of one and the same household varies between periods; the

incomes of workers employed at the same �rm vary only with respect to their interest incomes.

On Agent Island household agents have the obligation to work, whereby the supplied quan-

tity of labor depends on the total labor demand of the employer (and the number of employees).
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Interaction pro�le It is the very nature of an agent{based macro model that interaction between

agents takes place, especially between the main sectors of the model. On the one hand, capacity

utilizations in the consumer and the capital goods industries as well as the dynamics of wages

in
uence the labor income of worker agents. On the other hand, the consumption and savings

behavior of these workers operating as consumers in
uences the revenues of consumer goods

�rms. But heterogeneity enables interaction between �rms as well: Well earning and highly

utilized consumer goods �rms buy new machines from the capital goods sector as long as

machine prices are attractive. This is the major interaction within the �rm sector. The pro�t

of each capital �rm is distributed to its owner each period. We construct the model in such a

way that the owner of each capital �rm must be a speci�c consumer goods �rm.2 As mentioned

above, high earnings of hash or beans �rms make new investments possible|but this is only

possible, when earnings yield as much as the credit interest rate. Finally, it is an important

feature of the interaction pro�le that the central bank in
uences via interest rate policy (i)

the investment behavior of consumer goods �rms, (ii) the savings behavior of households, and

(iii) the interest incomes (or expenditures) of all agents.

Macro structure emerging bottom{up The main parts of section 2.2 present the micro struc-

ture of the model. That is, we illustrate the behavior of household and �rm agents on the

individual level. Moreover, the macro structure is not (and can not be) modeled in detail|it

rather emerges bottom{up. As issues of monetary theory are the main purpose of this study,

the macroeconomic role of the central bank agent is discussed in detail in subsection 2.2.4.

Finally, subsection 2.2.5 summarizes the resulting macro view of the Agent Island model.

Chapter 3 analyzes this macro structure in depth, i.e. we will discuss several implications of

the micro structure on the macro level. This is done through sensitivity analyses, statistical

investigations, and ‘plausibility checks’. The main objective in this context is the connection

between the central bank, the �nancial system and the targets of monetary policy on the one

hand, and the micro structure of �rm and household agents on the other hand.

In sum, there are many aspects of heterogeneity and interaction embodied in the model of Agent

Island. Beyond this contribution, it is the aim of the study to develop a monetary model. According

2This design stems from the calculation of the return on assets. We will explain this point below in greater detail.
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to the novelty of this approach in ACE, it is necessary to highlight some speci�c features which

account for a monetary model. Basically, it is necessary to think about the banking system as

well as the role of the central bank within the banking system. To include all these points in a

straightforward way, the model exhibits only one single bank, the central bank. We thus follow the

notion of a ‘pure credit economy’, where the central bank also ful�lls the role of private banks. It

is (i) granting credits to the private non{�nancial sector, and (ii) collecting private deposits in its

accounts. These basic mechanisms constitute straightforward channels of monetary transmission:

Investment{channel The �rms in the consumer goods sector generate pro�ts. These pro�ts enable

the calculation of a return on assets on the �rm level. It is one condition for expansion

investment that this yield is above the interest rate paid to the creditor, i.e. the central bank.

Thus, the central bank can trigger the expansion of the capital stock through interest rate

policy.

Savings{channel Savings behavior of household agents is, among other aspects, captured by indi-

vidual time{variant savings rates. Moreover, the savings rates are adjusted over time according

to a rule that treats the deviation of the present real interest rate form its historical average and

the growth rate of disposable income as its determinants. By its in
uence on both magnitudes,

the central bank can coordinate �nancial savings.3

It is obviously an interesting question, to what extend a control of the business cycle of Agent

Island can be exercised through these channels.4 Another interesting point of monetary analysis

is the insight into causal relations that drive in
ation. Among other things, we conduct several

sensitivity analyses (in section 3.3), in which we identify the main determinants of in
ation in our

agent{based framework.

3In contrast to reality, the model does not a�ord real investments of household agents, as for example in real estate.
Hence, if private households agents are saving, the saving takes place exclusively through �nancial assets in central
bank accounts.

4As explained during subsection 2.2.5, the model features also the ‘expectations{channel’ of monetary transmission
in its simplest speci�cation|the ‘wage{price spiral’.
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2.1 Overview

The structure of the economy of Agent Island is straightforward. It contains two main economic

sectors including private households and �rms; the �rm sector is consisting of three subsectors

(hash, bean and capital �rms), and each of the sectors (or subsectors) comprises agents, which can

be heterogenous or homogenous. Hence, the model is composed of: (i) consumers, (ii) hash �rms,

(iii) bean �rms, and (iv) capital �rms. In the following the variables H , J , K, and C de�ne the

number of agents within each sector (or subsector), and the control variables h, j, k and c de�ne

any agent within the sets of agents:

� Consumers: h 2 [1; : : : ; H]

� Hash �rms: j 2 [1; : : : ; J ]

� Bean �rms: k 2 [1; : : : ;K]

� Capital �rms: c 2 [1; : : : ; C]

Next to these sectors the central bank operates|technically|as a single agent. In the following

subsections we explain some basic aspects of the model including its theoretical roots (subsection

2.1.1), its basic composition (subsection 2.1.2), and its time and sequence structure (subsection

2.1.3).

2.1.1 Theoretical Roots and Antecedents

The summary of this subsection highlights only some basic links to literature. It is thus a mere

introduction to the underlying literature of the present model|detailed links to literature are pre-

sented in the following section. In general, it is complex and di�cult to develop an agent{based

macro model. One di�culty is due to the fact that unlike in ‘orthodox’ macroeconomics, until now

no single accepted methodology exists in the agent{based framework. If available, one could use

some existing ACE models as guidelines. This is a strong contrast and a disadvantage of ACE

compared to the construction kit of GE and its variety of applications. One problem of this study

is that it copes with the task of building a novel monetary ACE model, and that one can �nd

only a few guidelines in ACE literature for this purpose. By consequence, this study builds in



56

many aspects which are primarily non{ACE based. A second important consequence is that the

description of the present model has to be more in{depth than in case of a GE model. This stems

from the novelty of the present approach and the variety of options o�ered by agent{based modeling.

The present model follows the ‘Keynesian’ notion that the core market in the economy is the

goods market: In a reversal of ‘Say’s Law’, Keynes in essence argues that demand creates its own

supply. Accordingly, business cycle dynamics are mainly determined by aggregate demand conditions

(Keynes, 1936), the demand for consumer and investment goods is the driving forces for important

aggregate magnitudes, such as GDP and in
ation. The model of Agent Island features this notion.

In contrast to ‘Keynesian’ models, labor markets and and wages dominate in ‘neoclassical’ models.

According to our approach, consumer goods demand determines consumer output, and in turn the

level of employment in the consumer goods industry: Higher demand induces higher production,

higher production induces higher incomes, which in turn enhances demand, and so on. In this

manner the present model is a true ‘Keynesian’ model. Besides this, several behavioral approaches

in the design of savings and consumption behavior are applied, which are features of ‘Keynesian’

economics as well.

Next to this ‘Keynesian’ feature the consumer goods market is basically ‘neoclassical’. This is

based upon the supply behavior, which follows the seminal notion of Alfred Marshall|a famous neo-

classical economist. The di�erence of Marshall’s ‘neoclassical’ framework compared to the ‘orthodox’

approach (i.e. the ‘Walrasian’ GE models) is characterized by Axel Leijonhufvud:

\The allegiance of modern macroeconomics is also very much forti�ed by a strong sense

of tradition, of carrying on an economics that was always built on ‘rational choice’, on

‘optimizing behavior’, on equilibrium, a tradition that you stray from at your peril. But

this sense of tradition is in large measure based on a misreading (or, more likely perhaps,

a lack of reading) of the history of our subject. What is today commonly thought of as

neoclassical economics is really the hypertrophy of optimizing choice theory|the branch

of neoclassicism which at one stage in the development of economics happened to be the

most easily formalized. There is an earlier tradition of neoclassical economics, in some
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respects a more interesting one, which could not be adequately formalized and therefore

gradually fell into neglect. This tradition could be revived with agent{based methods.

It would be worth doing." (Leijonhufvud, 2006a, p. 1628)

Hence, what is today commonly thought of as ‘neoclassical’ economics (termed as ‘orthodox’

economics by us) is the e�cient allocation of scare resources ful�lled by choice theory, formalized

in terms of constrained optimization (Leijonhufvud, 2006a). Thereby, the maximization of utilities

or pro�ts constitutes the actions of the agents. In clear contrast to this, early neoclassicals|like

Marshall|thought that the micro{behavior of agents is ‘adaptive’.5 The remarkable di�erence com-

pared to the ‘orthodox’ optimization approach is the role of utility maximization: In the sense of

Marshall, the maximization of utility or pro�t was a proposition about motivation within adaptive

behavior|rather than a constitution of actions as in ‘orthodox’ economics. No claims were made

about the ‘rationality’ of individuals. Equally important, Marshall and his followers (presumably

also Keynes) had a strong a�nity to ‘complex system theory’, whereas ‘orthodox neoclassicals’ were

biased towards the mechanical concept of GE.

To understand the contrast between constrained optimization and Marshall’s notion, it is helpful

to de�ne ‘complex system theory’. A ‘complex system’ exhibits the following properties: (i) The

system is composed of interacting units; (ii) the system exhibits emergent properties that are arising

from the interactions of the units; (iii) but these emergent properties are not properties of the indi-

vidual units themselves (Flake, 1998). In general, ‘complex systems’ consist of interrelated modules,

which can be systems themselves. They are, in general, hierarchical, with multiple layers, which

typically work on various time scales. According to this perspective laid down by older neoclassicism

(headed by Alfred Marshall) the agent{based technique is an ideal candidate for the construction of

an economic model in the sense of a ‘complex system’. We will see during the conceptual model that

we adapt Marshall’s ‘laws of motion’ in constructing the behavior of agents in the consumer goods

market. These laws are ‘adaptive’ rules, and the variety of agents applying those ‘adaptive’ rules

5Imagine a collection of decision rules that dictate actions to be taken in given situations, and imagine a set of
preferences used to evaluate the outcomes arising from particular situation{action combinations. These decision rules
are continuously under review and revision through the decision maker. He tries and tests decisions against experience,
and evaluates rules that produce desirable outcomes superior to those that do not. This process of ‘trial{and{error’
through which our modes of behavior are determined is described by the term ‘adaptive’ behavior (Lucas, 1986).
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constitute the ‘complex system’. According to this perspective, our model contains many (older)

‘neoclassical’ aspects, next to its basic ‘Keynesian’ elements.

Furthermore, it is necessary to incorporate real capital investment into the model. The agent{

based model of Dosi et al. gives us some guidelines for this purpose. They construct an agent{based

business cycle model that features several empirical facts. Among others, their model captures the

evidence that investment is considerably more volatile than output (on the macro level), and that

investment is lumpy (on the micro level) (Dosi et al., 2005; Dosi et al., 2006; Dosi et al., 2008). We

follow their approach for a (S,s) investment routine for the determination of expansion investment.

In addition, we integrate a ‘Wicksellian’ element into the investment demand. According to the

monetary theory of Knut Wicksell,6 the di�erence between the natural interest rate and the credit

interest rate is important: When the natural rate is higher than the credit interest rate, the price

level is rising|and vice versa (Wicksell, 1898). One important point of Wicksell’s approach is the

concept of the natural interest rate. We treat the return on assets of a �rm as the individual natural

rate. Accordingly, the �rm may invest, if its return on assets is larger than the credit interest rate.

In this case the �rm generates extra pro�ts and enlarges its business.7 If the return on assets is below

the credit rate, no net investments take place. By combining these two approaches, i.e. the (S,s)

investment model of Dosi et al. and the ‘natural rate vs. credit rate’ model of Knut Wicksell, we

construct the investment demand of the model. This enables the ‘investment{channel’ of monetary

transmission on Agent Island.

The present design includes, in addition, the classical ‘investment accelerator’, which goes back

to Clark, 1917. According to this view, production is a multi{level process: Production facilities

are necessary to produce consumption goods. The production facilities are part of the real capital

stock of the respective industry, and the capital stock is used up over time (e.g. over ten years).

Moreover, it is necessary to replace the depreciated capital stock to keep the capacity constant.

Hence, replacement investment constitutes only a small part of the capital stock (e.g. about a tenth

of the present capital stock). But, if capacity of the consumer goods industry should be enlarged,

6See section 2.2.4 for a short review of the ‘Wicksellian’ monetary theory.
7Net investment depends, in fact, on additional conditions.
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investment demand enlarges additionally. For example, it is doubled through expansion investment,

if the capital stock is enlarged to an additional 10% of its actual level (i.e. 10% replacement invest-

ment plus 10% expansion investment) (St�utzel and Grass, 1983). It is a consequence of this vertical

relationship in production that a rather small variation in consumption demand could cause rela-

tively large variations in investment demand. This phenomenon is called ‘investment accelerator’ or

‘business accelerator’ (Clark, 1917; St�utzel and Grass, 1983). It constitutes a feature of the arti�cial

island economy.

Finally, the �nancial system of Agent Island is based upon the idea of a ‘pure credit economy’.

This goes again back to Wicksell, 1898. At this point it is su�cient to state that the central bank

of the agent economy is the ‘mono{bank’ within a ‘pure credit system’. This facilitates a �nancial

system with one �nancial asset, which allows the central bank to accomplish monetary policy. Thus,

from the perspective of the �nancial system, Agent Island is designed straightforward.

2.1.2 Markets, Transactions and Financing Contracts

Before turning to the detailed description of the model we want to give a general overview of the

sectors (subsectors) and their interactions. First, �gure 2.1 presents an overview of transactions

in the model, whereby the �gure depicts only monetary streams, but not the opposite streams of

real goods and services. It should be noted that all real transactions within the model are immedi-

ately settled through bank accounts at the ‘mono{bank’. Additionally, for households the terms (i)

‘expenses’ (‘proceeds’), (ii) ‘expenditures’ (‘receipts’), and (iii) ‘disbursement’ (‘payment’) have the

same meaning, and we use them as synonyms.8 In the following we will concentrate on the system

of receipts and expenditures in the agent economy, and for household agents we will also use the

term ‘income’ analogical to ‘receipts’. Finally, for any agent in the model we do not di�erentiate

between receipts and payments, i.e. �nancial assets and money are the same.

As usual, a macro model comprises a private household sector. The agents within the private

8These terms describe transactions that (i) change the net worth, (ii) the net �nancial assets (or liabilities), and
(iii) the net stock of instruments of payment (i.e. money) of an agent.
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household sector receive labor income (red lines) and capital incomes (dotted black lines). Then

again, the private households allocate consumption expenditures to hash and bean �rms (blue lines).

According to central bank deposits, household agents receive interest incomes (yellow lines).9 Hash

and bean �rms constitute the consumption goods sector. Next to consumer goods markets, capital

goods markets are constituted through the trading of new machines produced through capital goods

�rms; accordingly, investment expenditures occur (green lines). As mentioned, consumer goods

�rms employ both factors in the production process; whereby capital goods �rms produce invest-

ment goods, using labor only. Moreover, as explained by �gure 2.2, the capital �rm agents are not

owned by the private households, but by hash and bean �rms. Accordingly, they distribute capital

pro�ts to hash and bean agents (dotted black lines).
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Figure 2.1: Markets and transactions on Agent Island

In accordance to the net position of each agent vis{�a{vis the central bank, he receives interest

receipts or pays interest expenditures. According to our abstraction of a ‘pure credit economy’, the

9When the household is a net debtor, he pays interest income to the central bank according to outstanding debt.
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central bank constitutes the �nancial sector of the model as a whole: Private agents can accumu-

late �nancial wealth solely in central bank deposit accounts; on the other hand, agents can borrow

form the central bank (blue lines in �gure 2.2). Figure 2.2 gives a overview of the various �nancing

contracts between sectors.

H a s h  f i r m
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C a p i t a l  f i r m
s e c t o r
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e q u i t y  f i n a n c i n g
( u n i f o r m l y  d i s t r i b u t e d )

e q u i t y  f i n a n c i n g
( u n i f o r m l y  d i s t r i b u t e d )

e q u i t y  f i n a n c i n g  

l o a n  
f i n a n c i n g

Figure 2.2: Financing contracts on Agent Island

Next to the role of the central bank as a �nancial intermediary, equity �nancing does occur in

the model as well (yellow lines). But this takes place in a passive manner: In the initial state of the

simulation the ownership of hash, bean and capital �rms is speci�ed, and unchanged throughout one

simulation run. We assume that each hash or bean �rm is owned by the workers that are assigned

to it. Besides this, each of the shareholders holds exactly the same amount of equity. In contrast,

the ownership of capital �rms is randomly distributed among hash or bean �rms:10 This is due to

the fact that capital �rms use only labor in the production process, and therefore it is impossible to

calculate the return on assets for these �rms. We have to integrate, however, the pro�ts of capital

goods �rms into this calculation. In the process of ‘face validation’ it becomes clear that this is

10In here, we apply a uniform distribution.
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necessary. Only then it is possible to relate the aggregate pro�ts of the �rm sector to its aggregate

capital stock. As a results, we construct corporate groups controlled by hash or bean �rms; and we

randomly assign each capital goods �rm to one single hash or bean �rm, so that each hash or bean

�rm can be the parent company of one or more capital goods �rms. Again, this aspect characterizes

the heterogeneity of the model, and in addition, it re
ects some degree of corporate integration,

known from real world economies.

2.1.3 Time and Sequence Structure

This subsection discusses the sequence of decisions and actions within one period and the question of

period length. In each agent model the sequence of actions has to be de�ned in a reasonable way, so

that the agents possess all relevant information to take the next step in the simulation. For example,

a private household agent needs the relevant information concerning its period income before he

can choose between its desired saving and consumption. In addition, the capital goods market

transactions cannot be executed until capital demand and supply schedules have been determined,

and so on. Hence, a detailed plan is necessary for scheduling agent activities. The second topic of

this section, i.e. the question of period length, should give an idea about the counterpart of a model

period in reality. We thus review some points that give a clue as to how long a model period should

last in the abstract sense of our model.

Flow of Activities

Figure 2.3 depicts the 
ow of activities within one period. Di�erent colors are assigned to each of

the sectors, viz.: The consumer goods sector is marked blue, the capital goods sector is green, the

private household sector is red, the central bank is pink, and overall activities11 are black. Accord-

ing to �gure 2.3, every round is arranged by a certain sequence of activities: The round starts with

the interest rate set by the central bank (see subsection 2.2.4 for details). In the next step, the

11In the framework of the SeSAM programing environment these overall activities are assigned to the ‘world agent’.
In the present model, market clearing activities or the calculation of aggregate magnitudes are assigned to the ‘world
agent’. Technically, we assign the central bank agent also to the ‘world agent’.
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market wage for labor is set. This is modeled via labor agreements between the employer associ-

ation (representing �rms) and the labor union (representing employees). In fact, the overall wage

agreement is modeled via a rule known from the ‘Phillips curve’ approach (see subsections 2.2.2 and

2.2.3 for details). With this information at hand, �rms in the consumer goods industries decide

the adjustment of output through a ‘Marshallian’ adaptive rule (see subsection 2.2.2 for details).

In combination with the budget constraint of each single �rm (i.e. the production function) this

enables the calculation of required labor resources on the individual level. This way, the payment

of labor incomes and imputed capital interests (via �rms equity) to workers and shareholders can

be calculated and ful�lled. Within this sequence each consumer goods �rm plans replacement and

expansion investment, conditional to several requirements (see subsection 2.2.2 for details). Simul-

taneously, the capital goods �rms set their supply prices . Lastly, the capital market is cleared and

individual contracts are signed (see subsection 2.2.3 for details).

After the allocation of capital goods, �rms in the capital goods industry produce the ordered

machines (see again subsection 2.2.3 for details), which will be added to the capital stock in the

consumer goods industries at the end of the period. Accordingly, the new machines will be added

to the capital stock after producing the consumer goods of the present period, i.e. they will be

available as soon as the production in the following period takes place. During the next step, after

receiving all incomes, private households calculate their disposable period income. The basic decision

of household agents is to decide between savings and consumption (see subsection 2.2.1 for details).

This ends up in the clearing of the consumer goods market (see subsection 2.2.2 for details). It

should be noted that in contrast to capital market clearing no individual contracts are closed in the

consumer goods market. Because the goods are homogenous and one single market price exists for

each good, the transactions can be simpli�ed by a middleman. After the settlement of all market

transactions, �rms calculate their pro�ts on the individual level (see subsection 2.2.2 for details).

In the end, several magnitudes are aggregated on the ‘world{level’. Between the present and the

following period, i.e. ‘over{night’, the central bank pays and receives interest payments according

to account balances. In addition, �rms distribute dividends to their shareholders.
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Period Length

The de�nition of the length of the model{period is a complex and di�cult task|similar to the

construction of an agent{based model itself. In the present model, overall wages are set according

to a certain rule representing labor market agreements between the employer association and the

labor union. This rule connects the wage growth to period in
ation, and output gap. In real world

economies this connection is often characterized by wage rigidities, i.e. by wages that are �xed in

contracts for at least one year. From this perspective it is reasonable to assume a period of at least

one year on Agent Island. By the same token, the calculation and distribution of pro�ts indicate

a period of one year: Corporate entities generally close their business and accounting period after

one year, and therefore, capital incomes are often distributed once a year. Hence, the accounting

year indicates a model{period of one year as well, albeit it would be possible to use a shorter period

(e.g. a quarter), and distribute capital incomes at the end of the accounting year (e.g. after four

quarters). But as a simpli�cation, a model period that coincides with the accounting year in the

real world is adequate.

In the present model the capital stock is constant during each period, and �rms can only ad-

just it between periods. It is moreover an empirical fact that investment behavior of �rms is not

continuous|it rather exhibits complex patterns over time.12 Provided that the adjustment of the

capital stock is costly in terms of time13, �rms will be able to increase their capacity only within

a reasonable time{frame. We assume that this time{frame is one year. When a �rm agent decides

at the beginning of period 1 to expand its capital stock by one machine, the new machine will be

available for production purposes in the beginning of period 2. For complex production facilities

this seems to be a quite reasonable assumption.

According to our ‘Marshallian’ goods{market{approach, prices adjust to a short{term equilib-

rium level within a period, while output adjusts between periods. This gives an idea as to how

long one period should be: In real world economies the adjustment of output and capital is due to

technology and institutional arrangements of production. Certainly, there are some industries that

12See, for example, Doms and Dunne, 1998, for the time pattern of �rm{level investment.
13For an investigation of the adjustment speed of capital stock see, e.g., Roberts, 2003.
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can adjust production within a very short time{frame, such as one week. For example, an industry

that employs low{quali�ed workers and little capital in the production process can adjust produc-

tion immediately, provided that the institutional arrangements of the labor market allow short{term

employment. This can be the case in the farm business, for example. Then again, there are certainly

some industries that are not able to adjust output within weeks: Think about the semiconductor

industry, which employs well{educated workers, sophisticated production technologies, and large

amounts of real capital. When a semiconductor production facility is working close to the limit

of its capacity, it is impossible to increase output within one month. Such an adjustment could

take years. In sum, it would be realistic to design various time layers for the output adjustment

in the various industries. But in order to keep our design as simple as possible, we employ only

one common time layer for the output adjustment of all consumer goods �rms. Accordingly, the

adjustment of output in the model is only possible between two years|not within one year. This

can be justi�ed by an in
exible labor market, where short term employment is impossible, and by

a sophisticated production technology.

Finally, the topic of designing the period length can be treated from the view of monetary

transmission. Actually, the purpose of the present analysis is to analyze issues of monetary theory in

an agent{based framework, and hence the model should follow some stylized facts of the transmission

process. According to empirical investigations of the monetary transmission process, there are long

and variable lags to which monetary transmission is subject. Consequently, if the central bank reacts

to movements in the target values with its instrument, it can take quite a long time for a policy

to show the desired e�ects. This fact is crucial to the question, of whether monetary policy is able

to provide countercyclical economic management. In case of too long time lags, policy can become

procyclical. Several studies indicate average lags of 12 months in the case of restrictive monetary

policy, and average lags of up to 18 months when pursuing expansive monetary policy.14 According

to that, it seems reasonable to construct the model periods in such a way that these time lags

work adequately. The simplest approach would be to construct a period with a length of one year,

where the present stance of monetary policy a�ects output in the next period. This is, however, not

14See Bo�nger, 2001, for a discussion of this issue.
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perfectly adopted in the present model.15

2.2 Model of Agent Island

This section gives a detailed description of the conceptual model of the economy of Agent Island

and of the process that leads to the development of the given design. Consequently, we make

several references to the ‘face validation’ of the model, which takes up a prominent part within the

overall ‘validation’. In the case of the present model, this stage of the project lasted about several

months. Next to the intensive discussion of the micro structure, the �nal subsections 2.2.4 and 2.2.5

summarize the main macro aspects of the model. We use this macro structure in chapter 3 when

validating Agent Island. The interested reader can investigate the programed model developed in

the SeSAm software environment. See the CD in appendix C for the the installation suite needed

to implement and run the model.

2.2.1 Households

According to the scheduling of decisions, explained in the last section, it becomes apparent that

household agents make their decisions after �rms. Nevertheless, the decisions of household agents

are central to the model and rather complex. Therefore, we start with analyzing the household

sector. During the simulation, private household agents face two decisions: (i) The decision of di-

viding present disposable income (or better receipts) into consumption expenditures and �nancial

savings. (ii) Furthermore, they choose to allocate the consumption expenditures to several goods.

Consequently, an agent can choose how much income he would like to save in one risk{less �nancial

asset and how much income (or wealth) he should spend to buy consumption goods. We should

bear in mind that individual savings behavior should be linked to interest rate movements. This is

one implication of the macro bindings of Agent Island (see section 1.3), as it is our aim to imple-

ment monetary transmission channels into the model. This implies a reaction of individual savings

behavior to the interest rate policy of the central bank.

15In fact, the monetary transmission process in the model works faster: Changes of the credit interest rate in
uence
decisions of consumer goods �rms in the same period. Hence, monetary transmission is already e�ective within one
year. See section 3.4.3 for a discussion of this topic.
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The examination of the �rst decision, the decision of saving, is one of the most complex tasks

one can undertake in economic theory. This is also true in the context of designing an agent{based

model. In constructing such a model one should follow the aim of designing valid agents, by taking

into consideration the complexity of the whole simulation. The latter is one restriction. In order

to reveal the complex process of designing the savings decision, we �rst give a brief review of the

various perspectives that have been developed during the ‘history of economic thought’. In a next

step, we connect these �ndings to our model, in which we have the results of ‘face validation’ in

mind. In doing so, we �nd out that some special restrictions have to be incorporated into the model.

Throughout this subsection we illustrate the theories we adopt, and we explain why we rule others

out. This can be also helpful in further research on this topic.

Brief Review of the Theory of Savings in the History of Economic Thought

The �rst theoretical analysis of the savings decision takes place at the end of the nineteenth and

the beginning of the twentieth century, by the advocates of ‘neoclassical’ theory. They built their

perception of savings on the notion of ‘intertemporal substitution’ and the process of balancing

marginal utility over time.16 According to this view, the straightforward interpretation of savings is

the postponing of today’s consumption into the future. This is called ‘intertemporal substitution’.

Moreover, it is assumed that present consumption is evaluated in a superior manner when compared

to future consumption. This point is captured by the time preference rate � > 0. Discounting

further consumption by (1 + �)T yields the results that a certain amount of one consumption good

tomorrow delivers less utility than the same amount today. In order to ful�ll ‘intertemporal substi-

tution’, a household seeks for a fee, i.e. he asks for an ‘intertemporal price’ as a compensation for

the postponing of consumption somewhat into the future: A higher interest rate induces cheaper

future consumption relative to present consumption. In this respect a change in the interest rate

activates the ‘intertemporal substitution e�ect’. Then again, a higher interest rates induces higher

future income, if the agent is a net creditor. This indicates that the agent needs less savings in

order to ful�ll a given future consumption, which is called the ‘intertemporal income e�ect’. In

case of a creditor, both e�ects (the substitution and the income e�ect) aim in opposite directions,

16See B�ohm-Bawerk, 1921; Fisher, 1930.
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insofar it is theoretical a priori ambiguous whether a higher real interest rate causes increasing or

decreasing savings. Additionally, if the agent is a net debtor, substitution and income e�ect aim in

the same direction. In addition to the substitution and income e�ects, rates of return also e�ect

savings through a ‘wealth e�ect’: A higher real interest rate reduces the present value of future

income streams. Hence, consumption is depressed even if the substitution and income e�ects cancel

each other out (Schmidt-Hebbel et al., 1992). This short review describes the underlying interest{

rate{mechanism identi�ed by neoclassic economics. We will refer to this point below.

In the 1930s the emerging ‘Keynesian’ theory replaced the ‘neoclassical’ view of savings and

their utility oriented perspective. In his macroeconomic theory Keynes, 1936, replaced the microe-

conomic view by a more heuristic approach, which is described as the ‘absolute income hypothesis’.

His theory centered on the marginal propensity to consume: Households employ a marginal rate

of consumption to their disposable income. With the help of his theory building, it is possible to

derive a residual savings function. Several followers of Keynes developed this behavioral theory of

consumption further in various directions: According to Duesenberry, 1967, the savings and con-

sumption behavior is interdependent within households. This idea of a ‘relative income hypothesis’

is related to the ‘habit persistence hypothesis’. Under ‘habit persistence’, the level of consumption

(and savings) is determined by lagged consumption (Brown, 1952). Intuitively the habit persistence

theory says, the more the consumer eats today, the more hungry he wakes up tomorrow. We will

apply the basic ‘Keynesian’ consumption function, the ‘habit persistence’ approach as well the ‘rela-

tive income hypothesis’. Especially the last two theories mark an important detail in our framework

as worked out in the process of ‘face validation’: They guarantee smooth consumption pro�les over

time, which are necessary to match the empirical data. At the end of the day, these ‘Keynesian’

approaches di�er from older and from newer theories of consumption, as they build on ‘psychological

factors’ rather than on an optimal ‘intertemporal choice’.

The ‘Keynesian’ approach is exposed to criticism of the so{called ‘Lucas Critique’, which is the

initial point of ‘modern’ macroeconomics that builds on explicit ‘microfoundation’. The ‘Lucas Cri-

tique’ says that it seems to be naive to predict the e�ect of a policy experiment based purely on
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correlations in historical data. Especially, predictions through high{level aggregated historical data

seem doubtful (Lucas, 1976). The Lucas Critique implies that if we want to predict the e�ect of a

policy experiment, we must model the ‘deep parameters’, i.e. preferences, technology and resource

constraints, which govern individual behavior. Then it is, in turn, possible to predict what individ-

uals will do, conditionally on the change in policy, and add up individual behaviors to calculate the

macroeconomic outcome. Surely, an agent{based model builds on individual behavior and macroe-

conomic emergence from the micro structure. Consequently, the core of the ‘Lucas Critique’ does not

apply to our model of Agent Island, because we do not specify the parameters of any aggregate rela-

tionship, such as an aggregate consumption function. However, individual behavior on Agent Island

is designed through routines, which usually represent rules{of{thumb; these rules re
ect individual

preferences di�erently compared to ‘orthodox’ economics. So far it is for example not absolutely

clear, as to how human savings behavior and maybe the underlying preferences change in reaction to

the environment. What we know from empirical investigations is that savings behavior depends on

several determinants|but we cannot identify the preferences of agents. As we will see, our model

characterizes an interactive savings behavior based upon the behavioral approach of ‘Keynesian’

economics. Hence, we do not model the ‘deep parameters’ of private household agents, as orthodox

economics does. We simply do not know them.

In response to these ‘Keynesian’ approaches, a renaissance of the ‘neoclassical’ perspective

emerged in the �fties. These authors, rooted in neoclassical tradition, pick up the seminal idea

of Fisher, 1930, and build their theory on the basis of the maximization of ‘intertemporal utility’:

The ‘permanent income hypothesis’ of Friedman and the ‘life{cycle hypothesis’ of Modigliani and

Brumberg (Friedman, 1957; Modigliani and Brumberg, 1955) comprise the view that rational agents

smooth consumption over time. The basic version of Friedman’s ‘permanent income hypothesis’ sets

consumption equal to the annuity value of the sum of assets and the discounted present value of

expected future work income (Flavin, 1981). Such a result can be derived from the maximization un-

der uncertainty of a quadratic intertemporally additive utility function under the assumptions that

the real interest rate and the time preference rate are constant and equal to one another (Deaton,

1992). If the horizon is assumed to be in�nite, Flavin’s version of the ‘permanent income hypothesis’
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takes the form

cT =
r

1 + r
(AT +

1
X

k=0

ET yT+k

(1 + r)k
);

where r is the real interest rate, cT is the real consumption in period T , yT+k is the real work

income in year T + k, whose expectation conditional on information available at time T is ET yT+k,

and AT is the real value of the single asset whose return is de�ned as r (Flavin, 1981). For current

purposes the equation can be rewritten in order to obtain a savings function: Savings are de�ned

as the di�erence between disposable income and consumption. We assume that disposable income

is the sum of earnings and asset income. By putting the pieces together one obtains the following

function of savings in period T (for its derivation see Campbell and Deaton, 1989):

sT = �
1
X

1

ET
�yT+k

(1 + r)k
: (2.2.1)

It should be noted that both equations, de�ning cT as well as sT , are precisely equivalent.

Usually this savings function is labeled as ‘saving for a rainy day’ or the ‘rainy day’ equation.

This characterization marks the notion that savings equal the discounted present value of expected

future falls in income. According to this, individuals are saving today for bad (or ‘rainy’) times

in the future. Thereby, equation (2.2.1) is derived from the assumption underlying the ‘permanent

income hypothesis’, i.e. that optimal consumption is 
at over time. The important insights of this

analysis are (i) that likewise 
at earnings imply no need to save, and (ii), if earnings are growing,

households should dissave in order to enhance their current consumptions to the optimal 
at levels.

Thus, equation (2.2.1) indicates that the ‘permanent income hypothesis’ is strongly questionable

in growing economies, where one can identify a positive relationship between income growth and

savings (Deaton, 1997).17 In fact, this ‘positive’ relationship grounds on an insight of the empirical

�ndings in the literature on savings behavior.18 Campbell and Deaton summarize these points as

17The hypothesis that consumption responds to predictable income movements is referred to as ‘excess sensitivity’
of consumption. According to the view of the ‘permanent income hypothesis’, consumption should respond to the
changes in permanent income signaled by innovations in the current income. If, in addition, consumption responds
to current income beyond that attributable to the role of current income signaling changes in permanent income, this
is termed ‘excess sensitivity’ of consumption to current income. Thus, the ‘permanent income hypothesis’ suggests
an ‘excess sensitivity’ of zero. According to Flavin, there is substantial evidence against the ‘permanent income
hypothesis’ in terms of this ‘excess sensitivity’ analysis (Flavin, 1981).

18For a short review of the literature and the positive in
uence of income growth on saving see table 2.2.1.
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follows:

\We believe that the answer to the question with which we began, ‘Why is consumption

so smooth?’ lies not in the truth of permanent income hypothesis, but rather in its

inadequacy. Whatever it is that causes changes in consumption to be correlated with

lagged changes in income, whether it is that measured consumption and income are time

averages of continuous processes, or that real interest rates vary, or that the marginal

utility of consumption depends on other variables besides consumption, or that some

consumers are liquidity constrained or that consumers adjust slowly through inertia

or habit formation, the same failure of the model is responsible for the smoothness of

consumption relative to permanent income." (Campbell and Deaton, 1989, p. 372)

To sum up these �ndings concerning the ‘permanent income hypothesis’, we �nd that it does

not feature in a prominent role in our framework, because we want smooth consumption behav-

ior within a framework of growing income patterns. Moreover, the savings behavior rooted in the

‘permanent income hypothesis’ implies complex calculations as well as far{forward looking and ‘ra-

tional expectations’19, which in turn mark its foundation as unsuitable for our agent{based model.

Note that agents face ‘true uncertainty’, so that it is clearly impossible to calculate at any date

T the ‘rational expectations’ outcomes for dates T + 1 to �T in an agent{based environment. In

general, it would be pretty di�cult to form reasonable expectations for income growth, in
ation and

nominal interest until the termination of the simulation. Hence, we evaluate the ‘permanent income

hypothesis’ as an suboptimal candidate for the design of individual savings behavior on Agent Island.

At the end of the day, our model touches the ‘permanent income hypothesis’ at one point, where

the role of ‘windfall pro�ts’ are easy to determine. According to the permanent income hypothe-

sis ‘windfall pro�ts’ do not enhance present consumption. Within all income sources the interest

income class exhibits clear properties of ‘windfall pro�ts’: If the present nominal interest rate is

19Not all applications of the ‘permanent income hypothesis’ build on ‘rational expectations’ and on far{forward
locking behavior. In fact, Milton Friedman himself initially states: \The permanent income component is not to
be regarded as expected lifetime earnings. [...] It is to be interpreted as the mean income at any age regarded as
permanent by the consumer unit in question, which in turn depends on its horizon and foresightedness" (Friedman,
1957, p. 93). But all modern interpretations of the theory build on ‘rational expectations’ and on far{forward locking
behavior. It could be the task for further work in agent{based research to design and incorporate a reasonable ‘myopic
permanent income hypothesis’.
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relatively large to its mean, agents receive relatively large incomes from �nancial assets. But this

can be expected to be short{lived. Then again, in this class it is an easy task to de�ne a proxy for

‘permanent interest income’, namely the historical average real interest rate applied to the present

stock of �nancial wealth; the di�erence between this ‘proxy permanent interest income’ and the

‘present interest income’ is treated as ‘windfall interest income’, which does not in
uence present

consumption. This perspective mirrors the idea of the ‘permanent income hypothesis’. In contrast,

it would be much more complex to �nd that part of labor income, which is due to ‘windfall pro�ts’.

If the human capital of an agent had to be determined, it would be an easy task to calculate an ap-

proximation of ‘permanent labor income’, and via that the ‘windfall labor income’. But the di�cult

task would be to �nd a plausible proxy for the human capital, i.e. the present value of all future

labor income streams.20 This is again due to the fact that agents are exposed to ‘true uncertainty’

when evaluating the future path of their income growth.

Finally, in the process of ‘face validation’ it became obvious that there was some contradiction

in the model: In an early version of Agent Island, private household agents calculate their savings

and consumption based upon present interest income rather than permanent interest income. In

this case, in
ation is rising up to hyperin
ation, in situations of high nominal and real interest rates.

By contrast, evidence from central banking practices as well as from monetary theory suggests that

rising interest rates, nominal and especially real interest rates imply downside pressure on in
ation.

Knut Wicksell’s monetary theory gives a clear notion of the reasoning behind this mechanism.21

Apparently, the contradictory phenomenon of our early design is a result of the fact that rising

nominal interest rates induce rising present interest incomes, which in turn induce strong nominal

consumption growth (based upon present interest incomes) and thus in
ation. This induces again

rising interest rates, and so on. From this perspective it is imperative to cancel out that e�ect by

employing ‘proxy permanent interest income’ instead of actual interest income. In this case impli-

cations of short{term movements of the nominal interest rate are cancel out.

Similar to the ‘permanent income hypothesis’ the ‘life{cycle hypothesis’ is not a good candidate

20Note that interest rates do not feature a long term trend, while labor income patters can do.
21See section 2.2.4 for a description of the ‘Wicksellian’ theory.
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for the design of a savings behavior within the simulation. Both hypotheses imply complex calcula-

tions and far{forward looking and ‘rational expectations’. Again, it would be too complex for our

framework to form expectations for income growth as well as life{cycle income patterns, in
ation

and nominal interest rates. Besides this, on condition that ever{working and in�nitive living agents

are assumed, the retirement of households is ruled out. In this case, the underlying perspective of the

‘life{cycle hypothesis’, i.e. the existence of hump{shaped income pro�les, is not given. In sum, we

did not treat the integration of a ‘life{cycle perspective’, because we identify already many di�culties

in the chosen|much simpler|approach. The ‘life{cycle hypothesis’ would therefore overload the

complexity of the model additionally. Moreover, the empirical evidence of the ‘life{cycle hypothesis’

(such as that of the ‘permanent income hypothesis’) is questionable: For example, the interest-

ing study of Carroll and Summers investigates both hypotheses intensively with cross{country and

cross{sectional data. According to this study, both hypotheses have to be rejected. They come to

the results that \there is clear evidence that consumption and income growth are much more closely

linked than those theories predict" (Carroll and Summers, 1991, p. 305). However, both theories

would be good candidates for the savings design in our model with respect to incorporation of the

real interest rate. But we do not integrate them according to the reasoning stated above.

By far, the most active area of research (within the �eld of ‘orthodox’ economics) in recent

years has been the move away from ‘life{cycle models’ towards a ‘richer’ class of models, still

within the general framework of ‘intertemporal choice’ under uncertainty. In ‘discrete time’, op-

timization follows the maximization of an expected utility function in the form of e.g. EU =

E0

P1

T=0 1=(1 + �)Tu(C(T )) with u(C(T )) = C(T )1��=(1 � �) (Romer, 1996). Thereby � is the

coe�cient of ‘constant relative{risk{aversion’ (the inverse of the ‘elasticity of substitution’ between

consumption at di�erent dates); it determines the households willingness to shift consumption be-

tween periods. That is, the smaller � is, the more willing the private household is to allow its

consumption to vary over time. In addition, savings are decreasing in the real interest rate if � is

larger than 1, and increasing in if � is below 1. In the �rst case, if � is large, the individual has a

strong preference for similar levels of consumption in the di�erent periods and the ‘income e�ect’

dominates. In the second case, with � less than 1, the ‘substitution e�ect’ of a rise in the real interest
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rate dominates the ‘income e�ect’ (Romer, 1996).

Turning back to the ‘expected utility function’: The maximization is subject to an intertemporal

budget constraint, which leads to the well{known ‘Euler equation’ as the optimality condition. This

approach generates ‘precautionary motives’ for savings. Usually the optimization problem must be

solved by ‘dynamic programming’, i.e. ‘backward induction’. As mentioned above in chapter 1,

it can be assumed that households do not follow such a hyper{rational optimization: This can be

due to limited computational power, or at least due to the fact that in reality agents face ‘true

uncertainty’|so that they cannot calculate expected utility. Finally, individuals can have various

savings objectives, which di�er from consumption smoothing. For example bequest motives, pres-

tige, economic power, or safety can also justify the accumulation of wealth (Frietsch, 1991). Usually,

models of optimal ‘intertemporal choice’ do not incorporate such motives. Moreover, macroeconomic

and microeconomic evidence o�er some support for the view that individuals follow rule{of{thumb

behavior (Shefrin and Thaler, 1988; Campbell and Mankiw, 1989; Loewenstein, 1988). Several

experimental studies identify that individuals do not perform ‘backward induction’ to solve such

complex ‘intertemporal’ decision problems in a rational way (Anderhub, 1998; Carbone and Hey,

1997; Hey and Dardanoni, 1988). The most important reason is that people have limited compu-

tational power. Hence there is empirical and experimental evidence that justi�es that we do not

employ hyper{rational optimizing behavior: We follow this intention and design the savings behav-

ior through rule{of{thumb behavior. Surely, it could be the task for further research to develop a

more sophisticated yet better manageable approach. To note, it could be fruitful to use the results

of future experimental studies in order to de�ne reasonable savings heuristics.

Last but not least, in recent years some new behavioral approaches with strong links to psy-

chological research have emerged within the literature on consumption and savings behavior. For

example, the basic ‘life{cycle hypothesis’ has been expanded to a ‘behavioral life{cycle hypothesis’.22

The ‘behavioral’ literature o�ers some interesting perspectives on the treatment of income sources:

According to the theory of ‘mental accounting’, di�erent income sources are treated di�erently by

individuals. That is, the most tempting income class accounts for large parts of consumed income

22For an overview of the named literature see Friedel, 2004.
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(Thaler, 1999; Shefrin and Thaler, 1988). Importantly, we apply this notion as we de�ne di�erent

income classes for each agent, which are treated di�erently with respect to consumption and savings

behavior. Before turning to the question, how the consumption and savings behavior of household

agents is designed on Agent Island, the following table summarizes the discussed consumption the-

ories brie
y. It should be noted that the last column represents the relationship between the named

theory and our model. There, the term ‘restriction’ means that the theory in question is incorpo-

rated as an additional restriction to the behavior of household agents.

Description Author Crucial variable Relation to Agent Island

Classical consumption function Classics and followers Real interest rate Basic saving rule

Absolute income hypothesis Keynes Current income Basic saving rule

Relative income hypothesis Duesenberry Relative income Restriction, constraint

Habit{persistence Brown Consumer habits Restriction, constraint

Life{cycle hypothesis Modigliani{Brumberg Life{time resources None

Permanent income hypothesis Friedman Permanent income Permanent interest income

Table 2.1: Savings/Consumption theories and their relation to the present model

Design of the Saving Decision

Henceforward, the assignment of (Greek) letters to variables/parameters restarts. The household

sector on Agent Island is populated by agents, who (i) are the suppliers of labor to �rm agents

(hash, bean and capital �rms), (ii) are creditors or debtors vs. the central bank agent, and (iii) are

the shareholders (owners of the equity) of hash and bean �rm agents. For this reason, a household

agent h generates in period T income out of three sources: (i) wage income Y Lh;T from labor, (ii)

interest income Y Ih;T from �nancial assets, and (iii) pro�t or capital income from equity ownership.

The latter is divided into two subgroups, namely ‘imputed capital interest’ Y Ch;T (i.e. regular capital

income), which is immediately distributed in the beginning of each period, and dividends Y Dh;T (i.e.

extra capital income), which are distributed at the end of each period. Thereby the �rst subscript

labels the agent and the second the period. Capital T denotes the time period, i.e. T = 0; 1; 2 : : : �T ,

where �T de�nes the terminal simulation period; furthermore lower case t denotes intra{period{time.

It is worth noting that we treat ‘imputed capital interest’ as ‘imputed entrepreneurial pro�t’. In
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addition, we combine income from ‘imputed entrepreneurial pro�t’ and from labor income to one

group called work income, Y Wh;T = Y Lh;T + Y Ch;T . It should be noted, that household agents generate

substantial work incomes over time, which is veri�ed by ‘face validation’ runs.

The speci�cation of the household agents’ savings decision requires some initial explanations. We

will see that agents employ di�erent savings rates to di�erent sources of income (as de�ned above).

This can be justi�ed by the theory of ‘mental accounting’ known from ‘behavioral economics’. If we

otherwise treated all income sources in the same way (i.e. by applying the same savings rate to each

source), this would produce undesired e�ects on the macro level, such as high in
ation. We veri�ed

this in ‘face validations’ runs.23 According to our ‘mental accounting’ framework, income from work

Y Wh;T is the most tempting income class. Savings out of other income sources have to be de�ned

in relation to the work income. It is important to note that we do not stress the role of equity

ownership throughout the model. Household agents are owners of the capital stock, i.e. they own

hash and beans �rm agents. But the shares of those assets are not traded during the simulation.24

Consequently, households save a part of their receipts in a �nancial asset, while expenditures, due

to purchasing any new real assets, do not take place. Household agents therefore possess a constant

stock of real capital.25 The key to the understanding of our savings design is that the term ‘savings’

means ‘�nancial savings’ during this study; and the term ‘savings rate’ means ‘�nancial savings

rate’. Usually, in economic studies, the term ‘savings’ stands for savings in real and �nancial assets.

This is important because in reality the �nancial savings rate can become negative (such as in the

U.S. in recent years), while the total savings rate (in �nancial & real assets) is in most cases positive.26

The basic framework of the savings decision follows a rule{of{thumb or behavioral approach

23See also the explanation in the box below. In case of one savings rate applied to all income sources, the cause
of high in
ation goes back to role of interest incomes. If they are relatively high, the central bank’s interest rate
policy (de�ned by a ’Taylor rule’) is destabilizing: A rising interest rate induces rising interest incomes, which a�ects
in
ation conditional upon the savings rate. According to that, we employ di�erent savings rates to di�erent income
sources. This enables the monitoring of consumed interest incomes.

24In some rare cases, the household makes payments due to equity. This does not imply that the agent buys new
shares; the payment is rather due to negative equity of the owned �rm. We will discuss that point below.

25The valuation of this real capital is excluded from our investigation. We implicitly assume constant share prices.
26See for example the (aggregate) �nancial savings rates for the U.S. private household sector between 1998 and

2007. Financial savings rates were always negative, with a peak of about -8% in 2006. In contrast, the total savings
rate was always positive, but in 2006 pretty close to 0%.
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based upon the seminal notion of John Maynard Keynes (Keynes, 1936). Agents employ a time{

variant and idiosyncratic savings rates to the parts of their disposable income. Disposable income of

agent h is de�ned as Yh;T = Y Wh;T +Y Dh;T + ~Y Ih;T . Importantly, Keynes’ theory centers on the marginal

propensity to consume:

\The fundamental psychological law [...] is that men are disposed, as a rule and on the

average, to increase their consumption as their incomes increases, but not by as much as

the increase in their income." (Keynes, 1973, p. 95)

The reception of Keynes transforms this psychological law into two variants (Frietsch, 1991): (i)

A linear consumption equation C = a + bY , with b de�ning the marginal propensity to consume.

Moreover, s = 1 � b describes the marginal propensity to save, which represents the savings rate.

(ii) A continuously decreasing marginal propensity to consume, which is pictured by a concave

function, e.g. C = dY 1=e. Even though the latter variant is more compelling, the former is the usual

way to describe the ‘Keynesian’ consumption function. Both variants re
ect that savings ful�ll the

character of luxury goods, which increase with growing incomes. It should be noted that the notion

of the second function incorporates an anticyclical reaction of the savings rate: In a cyclical upswing

the savings rate tends to increase, and vice versa (Frietsch, 1991); such a reaction of the savings

behavior stabilizes cyclical 
uctuations automatically. The present study employs both ideas of the

‘Keynesian’ consumption function. At �rst, the period consumption function of agent h, i.e. Ch;T , is

a linear function of incomes (i.e. receipts). In addition, the savings rates in this linear function evolve

over time according to a basic law of motion, which comprises income growth as one determinant.

The levels of consumption expenditures Ch;T and �nancial savings Sh;T of agent h in period T are

accordingly described by the following equations:

Ch;T = (1 � sWh;T )(Y Wh;T ) + (1 � sDh;T ) max(0; Y Dh;T ) + (1 � sIh;T ) max(0; ~Y Ih;T ) � Exh;T ;(2.2.2)

~Y Ih;T � �rTFAh;T�1;

Sh;T =
X

x

Y xh;T � Ch;T with x 2 [W;D; I]: (2.2.3)

According to these equations the household agent schedules in nominal terms. Then again, con-

sumption plans are regularly supposed to be de�ned in real terms, otherwise the phenomenon of
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‘money illusion’ could arise.27 In GE models, ‘money illusion’ does not appear, because the decision

of agents are based upon real magnitudes. However, this is only possible, because the agents do not

schedule concrete quantities for their demand or supply; agents in GE models rather de�ne price{

dependent quantities. They have a system of price{quantity combinations in mind. Importantly, the

aggregate system of such price-dependent demand and supply schedules is solved by the ‘Walrasian

auctioneer’. Trading happens in the equilibrium simultaneously, with equilibrium quantities and

prices. Hence, the agents in a GE model need not know prices in advance of trading|unlike in

the present agent{based model: In here, the sequence of decisions and actions generates the basic

problem. Usually, agent{based models do not build upon the mechanism of a general equilibrium,

where the ‘Walrasian auctioneer’ pauses trading until all schedules are matched to one another by

equilibrium prices. In agent{based models agents face ‘true uncertainty’.28 That is, consumer good

prices are not available prior to trading, so that the scheduling of consumer goods demand with

‘true prices’ is not possible. One has to apply (i) expectations about prices (e.g. constituted by

last period’s prices), or (ii) nominal scheduling. We think that, as a simpli�cation, the scheduling

in nominal terms is adequate. It simpli�es the problem. Conversely, ‘money illusion’ would be a

serious problem, if in
ation and nominal income growth drifted apart. But this is not the case in the

present model. Labor income growth is driven by a strong connection between in
ation and wage

growth; the nominal wage is at least constant, and usually it grows at the same rate (or a slightly

higher rate) as consumer goods prices grow. From this perspective it is not decisive that an agent

uses past prices to determine the present purchasing power of his income.29 Finally, this simpli�es

the savings and consumption decisions, as de�ned by equations 2.2.2 and 2.2.3.

Importantly, equation 2.2.2 captures the notion that di�erent savings rates are applied to dif-

ferent sources of receipts. Basically, we apply the following approach: Each agent receives receipts

from work, which have to be non{negative. Usually, the agent decides to save some of those receipts

in �nancial assets (in rare cases the option of negative �nancial savings is chosen). On the other

27 ‘Money illusion’ refers to the phenomenon that individuals think of the value of money (or monetary payments)
in nominal terms, rather than in real terms.

28It should be noted that in the strict rational perspective the scheduling of present consumption cannot be separated
from future consumption. Hence, for scheduling consumption today, it is necessary to know the real quantities one
can buy for one Agent Dollar in the future. Thus, agents have to ‘know’ future prices, or have to form expectations
about future prices. In agent{based environments this is di�cult, especially for the remote future.

29In the ‘General Theory’, Keynes circumvents this problem by assuming constant prices (Keynes, 1936).
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hand, incomes from �nancial assets and from equity could become negative; this means that the

agent could make expenditures according to debt30 or according to negative equity31. In this case,

the agent lowers the planned consumption goods expenditures out of work receipts by that amount;

he uses that part of work receipts, which he does not want to save, in order to �nance the named

expenditures. In such a case the variables ~Y Ih;T and Y Dh;T in equation 2.2.2 are �xed to 0 (see the

max{functions in the equation), and the non{consumption expenditure of agent h becomes positive

(i.e. Exh;T > 0). Accordingly, the scheduled consumption expenditures out of work income are re-

duced by the amount of non{consumption expenditures, and the residuum is consumed. Then again,

provided that interest and dividend income are positive, the agent employs a �nancial savings rate

to those incomes as well. If the agent employs a positive savings rate to his incomes (i.e. receipts),

and if the agent has no expenditures due to debt or negative equity, the expenditures of the agent

are in most cases below his receipts. This design could appear complicated to researchers unfamiliar

with agent{based models. But within the present framework one has to consider, and design ac-

cordingly, all possible states and outcomes of the model. As stated in chapter 1, one has to design a

dynamically complete model. Otherwise, the model would come to a halt or, equally bad, the result

would not make any sense for future computations: For example, if we did not integrate the term

‘non{consumption expenditures’ in the consumption function, incomes could become negative (e.g.

Y Ih;T < 0). This would imply that we apply a (positive) savings rates to a negative income, which

would not make any sense.

In addition, the variable ~Y Ih;T is de�ned as the ‘myopic permanent real interest income’ that can

be expected from �nancial wealth. We de�ne the disposable income not via actual interest income,

but rather through the historical average real interest rate applied to the end{of{last period’s stock

of �nancial assets32, i.e. ~Y Ih;T � �rTFAh;T�1. This notion is a contribution to the idea of ‘permanent

income’, insofar as this design should dampen the changes in consumption expenditures based upon

30Interest expenditures according to debt: As private households can become debtors, they have to make interest
payments (expenditures) to their creditor (i.e. to the central bank).

31Expenditures according to negative equity: In some circumstances shareholders have to make subsequent payments
(if the equity of the owned �rm is negative), which results in negative dividend income. This phenomenon stems from
the role of the credit worthiness of �rms, to be discussed in subsection 2.2.4.

32The variable F Ah;T �1 describes the �nancial assets at the end of period T � 1 and F Ah;T the �nancial assets
at the beginning of period T . The di�erence between both represents the over{night interest and dividend payments
between T � 1 and T .
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‘windfall pro�ts’. We treat the average real interest income as a proxy for the ‘permanent real

income’. As mentioned, the deviation of present income from ‘permanent income’ is called ‘windfall

pro�ts’ or ‘transitory income’, and the ‘marginal propensity to consume’ out of the ‘transitory in-

terest income’ is 0 in the ‘permanent income hypothesis’ (Frietsch, 1991). Insofar as the ‘permanent

income’ derived via the historical average interest rate approximates the ‘permanent income’ only for

the near future, such as the next three years, this can be regarded as a ‘myopic’ interpretation of the

‘permanent income hypothesis’. Finally, the reason to adopt the average interest income instead of

the actual income is due to the fact that the actual interest income varies strongly with the nominal

interest rate: A high nominal interest rate in the last period coincides with high interest incomes

in the present period. This, in turn, implies upside risks to in
ation. However, monetary theory

assumes, in contrast, that rising short term interest rates coincide with falling in
ation rates.33 Fi-

nally, undesired e�ects of high interest rates on consumption expenditures are reduced by the chosen

design represented by ~Y Ih;T in the disposable income.34

In the next step we describe the law of motion for the �nancial (reference) savings rate of

household agent h. The variable ~sh;T stands for this reference savings rate.35 The de�ning rule

contains two determining factors: (i) The real interest rate iT � ET�T , controlled by the central

bank, and (ii) the real growth rate of disposable income gh;T . We hence assume the following law

of motion for ~sWh;T :

33There exists a rich empirical literature that documents the ‘price puzzle’, which describes the positive response of
prices to a ‘restrictive monetary policy shock’. For empirical examinations of this positive relationship between short
term interest rates and in
ation, see for example Balke and Emery, 1994, or Castelnuovo and Surico, 2006.

34In fact, this design eliminates the income e�ect of a high interest rate, but not its wealth e�ect. Consequently,
this design rules out the short term e�ects of a high interest rate on consumption expenditures, but not its medium
and long term e�ects via growing wealth.

35All other savings rates develop according to this reference rate. See the following explanations.
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~sh;T = ~sh;T�1 + �RRh (iT � ET�T � �rT ) + �ICh gh;T ; (2.2.4)

with ET�T � �T�1;

gh;T �
Yh;T � Yh;T�1

Yh;T�1
� ET�T ;

�0:05 � �sh;T � +0:05;

�sh;T = ~sh;T � ~sh;T�1;

�0:2 � ~sh;T � 0:5:

The savings rate ~sh;T is the reference rate, the other savings rates develop according to this ref-

erence rate, as explained below. The �gures -0.2 and 0.5 de�ne the lower and upper boundaries for

the �nancial savings rate ~sh;T , and -0.05 and 0.05 describe the boundaries for the period{to{period

change of the savings rate (expressed in percentage points). As a result, the �nancial savings rate

cannot move more than 5 percentage points up or down; the maximum �nancial savings rate is

50% of the receipts, and the minimum one is -20%. We have already justi�ed a possibly negative

�nancial savings rate. Moreover, the in
uence of the deposit interest rate on savings is modeled via

the historical average real interest rate �rT . Accordingly, the savings rate rises, (c.p.) if the expected

real interest rate iT � ET�T lies above its historical average �rT . The sensitivity of this reaction is

de�ned through the parameter �RRh ; and the sensitivity of the savings rate to income growth is given

by �ICh . For example, if both behavioral parameters are set to 0.1 (i.e. �RRh � �ICh � 0:1), and if the

real interest rate lies 5 percentage points above its historical average (i.e. iT � ET�T � �rT = 0:05),

and if the real growth rate of disposable income is 4% (i.e. gh;T = 0:04), the savings rate of agent h

rises 0.9 percentage points between period T and T � 1 (i.e. 0:009 = 0:1[0:05] + 0:1[0:04]). However,

especially the sensitivity of savings rates to real interest rates is theoretically ambiguous and poten-

tially subject to o�setting ‘substitution’ and ‘income e�ects’, as discussed above in this subsection.

A variety of empirical studies examines the connection between (aggregate) savings rates and real

interest rates as well as between (aggregate) savings rates and income growth rates. Table 2.2 sum-

marizes these results.

At �rst, we should note that all studies listed in table 2.2 examine relationships on aggregate
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Study Investigated countries/regions, period IV1;2 DV3;4

RWI, 2007 Germany, 1993-2007 RR Household savings rate (++)

Paul, 2004 U.S., U.K., Canada & Japan, 1974-1999 RR National savings rate (++)

Hussain and Brookins, 2001 104 countries, 1965-1994 RR National savings rate (+)

Berub�e and Côt�e, 2000 Canada, 1963-1997 RR Household savings rate (++)

Loyaza et al., 1998 150 countries, 1965-1994 RR Private savings rate (-)

Callen and Thimann, 1997 21 OECD countries, 1974-1995 RR Household savings rate (+)

Bundesbank, 1996 Germany, 1975-1994 RR Household savings rate (+)

Edwards, 1996 36 countries, 1970-1992 RR Private savings rate (-)

Thomas and Towe, 1996 Canada, 1963-1992 RR Household savings rate (++)

Masson et al., 1995 21 industrial countries, 1971-1993 RR Private savings rate (++)

Masson et al., 1995 64 developing countries, 1971-1993 RR Private savings rate (-)

Liu and Woo, 1994 13 countries, 1975-1985 RR Private savings rate (- -)

Schmidt-Hebbel et al., 1992 7 developing countries, 1970-1985 RR Household savings rate (-)

Giovannini, 1983 7 Asian countries, 1962-1972 RR National savings rate (-)

Fry, 1978 7 Asian countries, 1962-1972 RR National savings rate (++)

Hussain and Brookins, 2001 104 countries, 1965-1994 IC National savings rate (+)

Loyaza et al., 1998 150 countries, 1965-1994 IC Private savings rate (++)

Edwards, 1996 36 countries, 1970-1992 IC Private savings rate (++)

Callen and Thimann, 1997 21 OECD countries, 1975-1995 IC Household savings rate (++)

Masson et al., 1995 64 developing countries, 1971-1993 IC Private savings rate (++)

Masson et al., 1995 21 industrial countries, 1971-1993 IC Private savings rate (-)

Liu and Woo, 1994 13 countries, 1975-1985 IC Private savings rate (++)

Schmidt-Hebbel et al., 1992 7 developing countries, 1970-1985 IC Household savings rate (++)

Giovannini, 1983 7 Asian countries, 1962-1972 IC National savings rate (++)

Fry, 1978 7 Asian countries, 1962-1972 IC National saving Rate (++)

Note: 1) The shortcut ‘IV’ stands for ‘independent variable’. 2) The studies treat, among others, the following ‘independent variables’:
‘RR’ = the real interest rate, ‘IC’ = the income growth rate. 3) The shortcut ‘DV’ stands for ‘dependent variable’. 4) The studies
identify the following influence(s) of ‘IV’ on ‘DV’: (++) = significantly positive influence, (+) = weakly positive influence (possibly
insignificant), (-) = weakly negative influence (possibly insignificant), (- -) = significantly negative influence. A weak positive or
negative effect can be interpreted as almost no effect.

Table 2.2: Empirical results of the in
uence of both income growth rates and real interest rates on
aggregate savings rates
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levels. In contrast, the construction of an agent{based model requires the determinants of savings on

individual levels. Secondly, we use �nancial savings rates, whereas the listed studies investigate total

savings rates. Due to a lack of knowledge of individual �nancial savings rates, we have to use the

results of these studies. With reference to table 2.2 the e�ect of income growth on savings rates is

quite obvious: Rising incomes should induce higher savings rates. In addition, in a non{econometric

analysis of German time series between 1950 and 1988 Frietsch identi�es the growth rate of real

disposable income per capita as the adequate income category for the determination of the private

household savings rate (Frietsch, 1991). According to these results, we incorporate an (unambigu-

ously) positive relationship between both variables on the individual level (�ICh > 0) in equation 2.2.4.

According to table 2.2, empirical evidence indicates an ambiguous impact of real interest rates

on savings rates. Deaton summarizes the empirical results in the following way: \My reading of

this literature is that the empirical results are as ambiguous as is the theory" (Deaton, 1992, p.

60). In addition, Frietsch, 1991, and McKinnon, 1991, treat the subject from a non{econometric

perspective: Frietsch identi�es that for some periods the German private household savings rate

parallels the (ex post) real interest rate (Frietsch, 1991). McKinnon identi�es a strong correlation

between real interest rates and the growth rates of �nancial assets in groups of developing countries

in the period 1971 to 1980. That is, in the group where countries with high positive real interest

rates are summarized, the growth rate of �nancial assets is substantial higher when compared to the

group with lower positive real interest rates. The lowest growth rates of �nancial assets are realized

in the group with strongly negative real interest rates (McKinnon, 1991). In sum, the empirical

literature punctuates the theoretical ambiguous e�ect of real interest rates on savings rates|with

a slight tendency to positive correlations between both �gures. Even though these �ndings are am-

biguous, we suppose, at �rst, a positive relationship between both variables on the individual level,

i.e. �RRh > 0. At �rst sight, this seems necessary in order to guarantee a control of the business

cycle through the central bank, i.e. this should guarantee the existence of the ‘savings{channel’ of

monetary transmission. However, we will treat this subject in a special way: In section 3.3 this con-

nection will be subject to a sensitivity analysis, i.e. within several hundred experiments we examine

whether in
ation rates are notably sensitive to �RRh . Thereby, we will also allow negative levels for
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�RRh .36 If we �nd out that this parameter impacts in
ation37, we will minimize the level of �RRh

during the subsequent calibration procedure of section 3.4. This minimization is due to the ambi-

guity of interest rate e�ects on savings rates in reality. Importantly, the used calibration tool of the

SeSAm programming environment enables such a minimization during calibration experiments. By

applying this two{level process (�rst, sensitivity experiments, and second, calibration with optional

minimized �RRh ) it should be guaranteed that the real interest rate is incorporated into individual

savings behavior in the right way.

With the law of motion for the basic savings rate at hand, we are able to go one step further:

Note that we apply di�erent savings rules to di�erent income sources, as it is known from the ‘men-

tal accounting’ literature. This modeling is necessary in order to treat the di�erent income sources

di�erently. Otherwise, hyperin
ation could occur. As we will see below, the disposition of interest

incomes is of particular interest. However, the ‘mental accounting’ literature identi�es three di�erent

sources of wealth: (i) ‘Cash on hand’ and other liquid accounts, (ii) other current wealth and (iii)

future income. These accounts are sorted hierarchically, which means that liquid accounts are the

most tempting class, and future income is the least tempting category (Thaler, 1999; Shefrin and

Thaler, 1988). Against this theoretical background we sort the resources of agent h in the follow-

ing way: (i) Work income is the most tempting class, (ii) incomes from �nancial wealth and from

dividends is less tempting, and (iii) the stock of �nancial wealth and future incomes are the least

tempting category. In the model, this notion is, at �rst, modeled by employing di�erent savings

rates to di�erent income sources. The main linkage to ‘mental accounting’ are the following de�ni-

tions: sIh;T � �Ihs
W
h;T and sDh;T � �Dh s

W
h;T . Thereby, the ‘mental accounting’ parameters �Ih; �

D
h � 1

constitute the ‘mark{up’ of sI;Dh;T over sWh;T . Hence, the idea of ‘mental accounting’ is incorporated

by the fact that the savings rates applied to interest and dividend incomes have to be larger than

the savings rate of work income. Agents therefore tend to reinvest interest and dividend incomes.

36See the NOLH in appendix B, which de�nes the basis for the sensitivity analysis in subsection 3.3. The NOLH
design contains some negative entries in the column representing the investigated levels of �RR

h
.

37This would be due to central bank interest rate policy: If in
ation is high, the central bank lifts real interest rates.
If, in addition, the impact of real interest rates on savings rates is assumed to be positive, this would imply that a
higher �RR

h
dampens in
ation. If we assume, in contrast, a negative in
uence of real interest rates on savings rates,

a lower �RR
h

dampens in
ation.



86

Next to these behavioral rules, we apply three restrictions. First, when the mode of the private

household changes from creditor to debtor, the agent raises his work savings rate. This takes place

in order to exit indebtedness: The consumption and savings decision of the present model is based

upon �nancial savings rates and current incomes (receipts). There exists, �rst of all, no direct

linkage between �nancial stocks and savings behavior. Moreover, the repayment of debt through

an amortization schedule is not explicitly incorporated into the model. Insofar, household agents

schedule to pay interest, not the principal, to their creditor. This is a rather unrealistic assumption.

To incorporate the repayment of debt without any amortization schedules, we lift the savings rate

of work income in the case of indebtedness. This increase of the savings rate depends on the level

of indebtedness. When the indebtedness of an agent enlarges, he must enhance his savings rate

in a linear way up to an upper boundary.38 This is modeled in the following way: If agent h

reaches a level of indebtedness, which equates the sum of his work incomes in the last three periods

(Y Wh;T + Y Wh;T�1 + Y Wh;T�2), the basic savings rate is doubled. Up to this level, the basic savings rate

enlarges linear with respect to indebtedness. This increase of �nancial savings represents an implicit

amortization schedule of agent h. The following equations describe this design:

sWh;T = ~sh;T [1 + min(1;
max(0; LLh;T�1)

Y Wh;T + Y Wh;T�1 + Y Wh;T�2

)]:

The min{function in the equation guarantees that the basic savings rates is at most doubled. The

max{function delivers only positive values for the liabilities LLh;T�1; the variable is positive, when

agent h is a debtor at the end of period T �1. When the agent, in turn, leaves the debtor status and

becomes a creditor (which implies LLh;T�1 = �FAh;T�1 < 0)39, the expression max(0; LLh;T�1)

becomes 0, and the increase is abandoned. The work savings rate falls back to ~sh;T . Hence, if agent

h is a creditor, the work income savings rate and the basic savings rate are identical, i.e. ~sh;T = sWh;T .

As explained, the rate ~sh;T is the basic savings rate of the model; it evolves according to the law

of motion described by equation (2.2.4). In addition, sWh;T and the ‘mental accounting’ parameters

38If the agent is a creditor, the upper boundary for the basic savings rate ~sh;T is �xed to a level of 50%. If the
agent is a debtor, the savings rate can, in principle, be doubled up to its natural upper boundary of 100%.

39The variable LLh;T �1 represents the liabilities of agent h at the end of period T � 1, and the variable F Ah;T �1

stands for his �nancial wealth. Therefore, we can de�ne the following connection: LLh;T �1 = �F Ah;T �1. Technically,
both variables are expressed by one single variable in the simulation code. Throughout this study we use both
expressions, as de�ned in this footnote.
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�D;Ih deliver the other two savings rates sDh;T and sIh;T .

One could question, how an agent could get indebted provided that he regularly applies positive

savings rates to all income sources? Additionally, would it not be reasonable that consumers have

some ‘subsistence level’ of consumption? Therefore, we de�ne the following restriction: When the

consumption expenditures of agent h, derived by equation (2.2.2), fall below a minimum level, he

consumes this minimum level. This impacts the consumption out of the agent’s �nancial wealth;

or if �nancial wealth is lacking, consumption is �nanced through new debt (i.e. based upon future

incomes). From this perspective, the �nancial wealth accumulated in normal times is a ‘bu�er stock’

preventing low consumption in bad times. This is the saving for ‘rainy days’, as mentioned above.

In this extreme case, the agent consumes out of the least tempting income source, viz. out of �nan-

cial wealth or future incomes. It should be noted that the subsistence{rule dominates other rules

modeled within this subsection.40

At this point we should mention one de�cit of the model. In fact, no direct borrowing constraints

are employed through credit markets (as we will see in the discussion of the central bank below).

First of all, household agent h can accumulate as much debt as necessary to ful�ll his consumption

plans:41 The change of debt (or �nancial assets) re
ects his balance between receipts and expen-

ditures. When a household agent is able to �nd a seller supplying su�cient goods, he can buy as

many products as he desires, based upon his scheduled consumption expenditures. Thereby, the

payment is immediately settled through the central bank|without any further check of creditwor-

thiness. This is an extreme simpli�cation in the model. It constitutes a weakness of the �nancial

markets on Agent Island. In fact, �nancial markets are totally passive.42 One justi�cation of this

simpli�cation is the fact that household agents on Agent Island have the obligation to work. Insofar

it is not possible that household agents stop supplying labor, and therefore, stop receiving labor

incomes. It prevents that they stop working, and that they �nance their total consumption expen-

ditures exclusively through debt. This case is ruled out due to the obligation to work. However,

40It is therefore a ‘quasi budget constraint’ for agent h. We will explain that point below.
41The same is in principle also true for the indebtedness of individual �rms. But there, we introduce a certain

mechanism, which prevents over-indebtedness of �rms. This is described in section 2.2.4, where the �nancial conditions
of the model are discussed.

42This implies that the credit supply of the central bank is not explicitly modeled.



88

the case that agent h �nances his consumption totally through debt is in principle possible, but

only if his employer does not demand any labor at all due to a zero{production plan. This implies a

collapse of the consumer goods market. Such a breakdown case will be avoided by model ‘validation’.

It is an important feature that the subsistence level is de�ned in relation to the average per capita

consumption expenditures in the last period. See equation (2.2.5) below. Thereby, the variable ĈT�1

describes this average per capita consumption expenditures in the last period; and the subsistence

level is given through �lowerh ĈT�1 (with 0 < �lowerh < 1). This way of modeling consumption behavior

is related to the work of Duesenberry. He suggests a ‘relative income hypothesis’: A consumer wants

to consume in such a way that his consumption pattern is close to the consumption pattern of other

agents (Duesenberry, 1967). Moreover, one can argue that the average per capita consumption

expenditures serve as a reference point for the consumption decision of agent h, so that the lower

bound of present consumption expenditure is de�ned via such a reference point.43 This leads to the

third restriction of the consumption behavior. Finally, we introduce an upper bound in a similar way.

One can explain such an upper bound through the fact that a saturation level of consumption exists,

where the marginal utility of consumption approaches to 0, and the agent does not want to consume

any further goods. This restriction ensures that consumption expenditures do not rise uncontrolled.

Again, we connect the level of saturation to the average per capita consumption expenditures of the

last period via �upperh . By combining the lower and upper bounds, we can de�ne the domain of Ch;T :

Ch;T 2 [�lowerh ĈT�1; : : : �
upper
h ĈT�1]; with 0 < �lowerh < 1; and �upperh > 1: (2.2.5)

Equation (2.2.5) serves also as a ‘quasi intertemporal budget constraint’ of agent h; henceforth

we call it the intertemporal budget constraint. Consumption expenditures are able to vary accord-

ing to several behavioral assumptions made until now, but they have to stay within the bounds

de�ned through the intertemporal budget constraint. Besides this, the intertemporal budget con-

straint implies a ‘quasi borrowing constraint’ as well. For example, consider a quite low disposable

income of agent h, e.g. close to zero. It is possible to calculate the maximum negative balance

between receipts (in this case Yh;T � 0) and consumption expenditures de�ned by the subsistence

43See Loewenstein, 1988, for the role of reference points in intertemporal choice.
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Figure 2.4: Quasi intertemporal budget constraint and borrowing constraint

level (Ch;T = �lowerh ĈT�1). This balance is negative and approaches ��lowerh ĈT�1 from above.

Figure 2.4 illustrates this situation: (i) Initially, the disposable income lies above the consumption

expenditures; the agent is saving. (ii) Thereafter, his income falls close to zero and the agent makes

consumption expenditures amounting to the lower bound. We could argue that �lowerh ĈT�1 con-

stitutes a ‘quasi borrowing constraint’, so that the agent h can borrow as much as given through

the di�erence between this level and his income (if and only if his disposable income falls short of

the level �lowerh ĈT�1). (iii) One can assume that his work income will rise again in the following

periods, so that he is subsequently able to repay his debt bit by bit. Thereby, the average per capita

consumption expenditures serve as a proxy for average per capita disposable income. It is implicitly

assumed that the income of agent h will return to this average income. (iv) Moreover, his income

can rise further on. In �gure 2.4 it is illustrated that the disposable income of household h rises

subsequently above the upper bound of consumption expenditures. In this case the agent is forced

to save, and therefore, to repay his debt. To summarize, we assume that the work income of any

agent h returns to the average level soon. Insofar, he is allowed to borrow from the central bank, if

his income falls below the subsistence level. Consequently, equation (2.2.5) de�nes an intertemporal

budget constraint of agent h, and the lower bound of this budget represents a ’quasi borrowing

constraint’, implicitly imposed by the central bank.



90

At this point the design of households savings and consumption behavior is �nished. It guaran-

tees smooth consumption behavior. Furthermore, the quite complex approach (encompassing many

routines) stems from the causes of hyperin
ation. In earlier stages of the model development, the

design of savings behavior was much simpler: For example, the model did not relate di�erent savings

behaviors to di�erent income sources. But in this simpler setting hyperin
ation occurred in many

simulation runs. The following box characterizes this special topic.

Box: Managing the Causes of Hyperin
ation

During early ‘face validation’ runs the problem of hyperin
ation occured. Together with

the problem of de
ation, we identify this as the core issue in the whole model development

process: In a model encompassing only real variables, several restrictions (especially resource

constraints) prevent the explosion of real variables. In a monetary model these restrictions

are not decisive for the monetary sphere, and the enduring rise (or fall) of nominal variables

becomes the main topic. It took several weeks to identify the sources of such an explosion in

case of the present study. Finally, we found the cause: Provided that private household agents

consume their interest incomes exclusively in accordance with their individual savings rates, i.e.

without any further restrictions (e.g. given by �upper and �lower), this leads over the time frame

of about 20 to 30 periods to hyperin
ation. The reason for this failure lies in the fact that

growing �nancial wealth induces large interest incomes. In this case rising in
ation appeared,

triggered through consumed interest incomes.

The interesting point is that the central bank tries to counteract in
ation by increasing interest

rates, which again enhances interest incomes of agents further. This boosts again consumption

and in
ation, and so on. The identi�cation and monitoring of this ‘vicious circle’ was one major

task in the development of the present model. In real{world economics such a process is unlikely

to happen, because in reality (i) credit expansion of �rms is restricted (credit constraints are

certainly more restrictive than on Agent Island), and (ii) debtors are supposed to react faster

to high interest rates (by dampening economic activity) as creditors do (e.g. through expansion
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of consumption expenditures). Importantly, on Agent Island the government sectors as a main

debtors lacks.

Before discussing a suitable solution to this practical problem, we want to look to some stylized

facts: Figure 2.5 shows the growth rates of private households interest{bearing �nancial assets

in Germany in the years 1951 to 1998. In the present model, the accumulation of household

savings can be achieved exclusively through �nancial assets|real savings are not considered.

By consequence, we can compare the data in �gure 2.5 with savings behavior on Agent Island.

In addition, the nominal government bond interest rate is illustrated. The interesting facts

displayed in this �gure are that in the early years of the development of the German economy

after World War II, (i) the growth rates of �nancial assets were substantial higher than the

interest rates, and (ii) over the years they were falling towards the level of nominal interest rates.

30 years later in the beginning 1980s, both values settled around the same range. Since this

time the average growth rate of �nancial assets became relatively stable and coincided with the

average nominal interest rates. Against the background of the present study the interpretation

of these facts are straightforward: (i) If nothing else but the complete interest earnings are saved

every year by households, the growth rate of their �nancial assets coincides with the nominal

interest rates. (ii) If, in addition, positive (or negative) savings are conducted out of other income

sources, the growth rates of �nancial assets lies somewhat above (or below) the nominal interest

rate. (iii) The crucial point is that reinvested interest earnings are withdrawn from the ‘income

circuit’ (Reich, 1998). If they are withdrawn in such a way, the dynamics of in
ation rates is not

a�ected by those reinvested interest incomes (Reich, 1998). The reinvestment of interest incomes

characterizes the mechanism of a savings book, which is a quite popular form of savings among

German households|especially during that time. Consequently, the above mentioned ‘vicious

circle’ cannot occur on Agent Island provided that interest incomes are reinvested by household

agents in each period (like in a savings book). Conversely, this can produce de
ationary e�ects,

and it can result in exponentially growing �nancial assets (as identi�ed in reality as well).

However, after discovering this fact it becomes obvious that one possible scenario for the present

simulation is as follows: The savings rate for interest income (and dividend income) of household
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Figure 2.5: Growth rates of private households’ interest{bearing �nancial assets and nominal interest
rates; Germany, data from 1951 to 1998; Sources: Bundesbank and IMF, International Financial
Statistics

agents is �xed to 1, i.e. sI;Dh � 1. Besides this, household agents are endowed with an initial

�nancial wealth that corresponds to the situation in Germany in the early 1980s. This second point

is constituted through the ratio
P

H FAh;0
GDP0

, which gives the ratio of the sum total of the initial wealth

of all agents at the beginning of period 0 to the GDP in the initial period 0.44 This ratio should

correspond to the data in Germany in the beginning 80s. Moreover, we apply an extremely uneven

distribution of initial �nancial wealth among private households, that is, �nancial assets are initially

allocated among 1
5 to 1

30 of the population.45 Those agents stand for the extreme wealthy part of

the population in the economy. Consequently, we investigate two scenarios for the design of the

savings decision throughout this study. It will be one task of the ‘validation’ procedure to identify

the better suited of the following scenarios:

1. Baseline model: This contains the general framework described in the present subsection,

according to which savings behavior for all income sources is determined via several behavioral

parameters. In the following we call this the ‘baseline case’.

44Note that F AT represents the �nancial stocks at the beginning of T , and F AT that at the end of T .
45The concrete value of this �gure is governed by the parameter $. We explain that below in chapter 3.
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2. Ponzi scheme model: This builds upon the general framework where, in addition, the

savings rates of interest and dividend income are exogenously �xed to 1, i.e. sIh � 1 and

sDh � 1. In this case the parameters �I and �D drop out. We call this scenario the ‘Ponzi

case’.46

Design of the Consumption Decision

At the beginning of this section we mentioned that agent h faces a two{level decision process. The

last paragraphs discuss in length the complex (�rst{level) savings decision. In the next step, on

the second level, the agent decides on the make{up of his basket of consumed goods. Henceforth,

we follow the agent{based approach suggested by Tesfatsion (Tesfatsion, 2006): She constructs a

hash{and{bean macroeconomy. The consumption goods sector on Agent Island accordingly consists

of two subsectors, each consisting of hash and bean producing �rms. Each �rm, within one of these

subsectors, produces a single good. Thus, agent h can decide among the consumption of hash and

beans according to his period utility function:

Uh;T = h�hh;T b
(1��h)
h;T : (2.2.6)

Agent h maximizes a ‘Cobb{Douglas’ utility function47 subject to the budget constraint given

by the consumption expenditures derived through the savings decision. The parameter �h de�nes

the idiosyncratic preferences between hash and beans, the variables hh;T and bh;T de�ne the amount

of hash and beans consumed in period T by agent h. The period (or static) budget constraint for

the consumption decision is described by

Ch;T = phashT hh;T + pbeanT bh;T ; (2.2.7)

whereas the budget Ch;T (i.e. the consumption expenditure) is de�ned through equation (2.2.2)

in combination with the equation (2.2.5) and all other restrictions described above. As a result of

this ‘Cobb{Douglas’ speci�cation, agent h divides his budget in two parts by applying the preference

46The reason for this labeling will be explained in section 3.
47See the de�nition of the ‘Cobb{Douglas’ production function below.


































































































































































































































































































































































































































































