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Preface

Agent-based computational models, generally named “Artificial eco-
nomics” (AE), represent a new methodological approach where econom-
ies, and more generally social structures, are modeled as evolving sys-
tems consisting of heterogeneous interacting agents with some degree
of cognitive skills. Assuming a precise mechanism that regulates the
interaction among different agents, this approach allows through simu-
lation to compute numerically the aggregate behavior of the economy
and to discover the regularities emerging from the micro-behavior of the
agents. The AE approach has provoked a great deal of academic interest
among social scientists because it represents an alternative to both the
fully flexible but not computable and testable descriptive models, and
the logical consistent but highly simplified analytical models. With AE
the researcher retains much of the flexibility of pure descriptive mod-
els in the specification of the interaction structure and the individual
behavior, while having the precision and consistency imposed by the
computer language. The methodology opens up new avenues for ana-
lyzing decentralized, adaptive, emergent systems. The use of computer
simulations provides an experimental format allowing free exploration
of system dynamics, and, at the same time, the opportunity to check the
various unfolding behaviors for plausibility. An early use of agent-based
models was by R.M. Axelrod in his research on the evolution of cooper-
ation. He employed extensive computational simulations to study indi-
vidual strategic behavior in the iterated prisoner’s dilemma. This work
has stimulated a new approach to game theory based on computational
ideas. The research on complex adaptive systems has received a great
impulse starting from the mid-eighties with the foundation of the Santa
Fe Institute, a non-profit institution specifically devoted to understand
the basic principles of human and natural systems, following a multi-
disciplinary approach and using computer-based modeling. A new field
of scientific inquiry, called Artificial Life (AL), has emerged with the
aim to study biology by attempting to synthesize biological phenom-
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ena such as life, evolution, and ecological dynamics within computers.
This approach has led to wider ideas such as complexity, evolution,
auto-organization, and emergence that have influenced social scien-
tists. The initial attempts to mix computational methods and social
sciences include pioneering AE work in finance, specifically the “Santa
Fe Artificial Stock Market Model” of W.B. Arthur, J.H. Holland, B.
LeBaron, R.G. Palmer, and P. Taylor. This model, based on bounded
rationality and inductive reasoning, has led to a new generation of
agent-based computational models aimed to reproduce stock market
dynamics and to explain financial market puzzles. Recently, there has
been a surge of interest in studying social interaction, the process by
which people form and transmit ideas and information. The emergence
of this new topic has been driven by the recognition that understand-
ing the formation and dynamics of social networks may represent the
missing element to uncover the functioning of complex systems such as
asset markets. Agent-Based Computational Economics, with its intrin-
sic multidisciplinary approach, is gaining increasing recognition in the
social sciences. The methodology is now widely used both to compute
numerically analytical models and to test them for departures from
theoretical assumptions, and to provide stand-alone simulation models
for problems that are analytically intractable.

This book collects a selected range of refereed papers that have been
gathered in five sections, each of them devoted to one the following
topics:

• Macroeconomic Issues
• Market Mechanisms and Agents Behavior
• Market Dynamics and Efficiency
• Analysis of Economic and Social Networks
• Methodological Issues and Applications

The first section includes papers using an agent-based approach to
give micro-foundations to macro-economic analyses. The second section
is dedicated to papers developing agent-based computational models
aimed to investigate the dynamics of financial markets in order to un-
derstand their properties. In this section relevant issues such as the
fairness of different trading mechanisms and the evaluation of the per-
formance of technical trading are analyzed. The third section is devoted
to models simulating the process of market adjustment towards equi-
librium. The section covers different interesting applications spanning
from the introduction of an option market, to a model with endogenous
costly information acquisition. The fourth section is devoted to papers
investigating networks formation and evolution with applications to
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the labor market and to the R&D industry. Finally, the last section in-
cludes more methodological contributions and some applications such
as a model of the venture capital market where the quality of the in-
vestment projects is only imperfectly available and venture capitalists
play the function of screening high-quality investments.
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• Silvano CINCOTTI - University of Genova, Italy
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• Marco LI CALZI - University of Venice, Italy
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• Akira NAMATAME - National Defense Academy, Japan
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IV, France
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A special thank goes to Valerio Lacagnina and Annalisa Russino
who helped me for the preparation of this volume.

A final acknowledgment goes to the Ministero dell’Università e della
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Université dAix Marseille, France
kirman@ehess.univ-mrs.fr

Lavezzi Andrea Mario
Department of Studies on Politics,
Law and Society
University of Palermo, Italy
lavezzi@unipa.it

LiCalzi Marco
Dept. Applied Mathematics and
SSAV
University of Venice, Italy
licalzi@unive.it

Locci Mario
DIEE
University of Cagliari, Italy
mario.locci@diee.unica.it

López-Paredes Adolfo
INSISOC
University of Valladolid, Spain
adolfo@insisoc.org

Marchesi Michele
DIEE
University of Cagliari, Italy
michele@diee.unica.it

Markose Sheri
CCFEA
University of Essex, UK
scher@essex.ac.uk

Mas David
ERMES-CNRS
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Part I

Macroeconomic Issues



1

Beyond the Static Money Multiplier: In Search
of a Dynamic Theory of Money

Michele Berardi

University of Manchester
School of Social Sciences
Michele.Berardi@manchester.ac.uk

1.1 Introduction

Though we all live in a monetary economy where credit money plays
a fundamental role, the process through which money is created in
the economy is largely neglected by modern macroeconomic theory. A
common approach maintains that the process starts with an exogenous
increase in the monetary base made by the central bank, and that
this, through a fixed multiplier, gives rise to a proportional increase in
the amount of money in the economy. The multiplier is usually taken
as constant in this process, at least on short time scales, and most
importantly, independent from the money creation process itself. The
result is essentially a static, aggregate theory, with very poor behavioral
micro-foundations, that completely neglects the process through which
money is generated in an economy.

As a consequence of this representation, money is taken to be ex-
ogenously determined and its quantity explained through changes in
the monetary base magnified proportionally by the fixed multiplier.
Unfortunately, this theory is not able to provide any insights about
the process that generates money in a credit economy, apart from as-
suming that changes in the monetary stock are originated by central
bank interventions, and proportional to them. It misses completely the
idea that money is created and destroyed endogenously, through the
interactions of the many actors (mainly banks, households and firms)
participating in the monetary and credit markets.

An important drawback of the traditional theory, as represented
by the static multiplier,1 is that it does not allow for a proper theory
1 We dub the traditional multiplier as static, to emphasize its lack of attention to

the dynamics involved in the process of money creation.
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of endogenous money creation that many economists think would be
necessary.2 Presenting the whole process of money creation as a pure
deterministic response of the monetary stock to an exogenous change
in the monetary base is deeply misleading. In the words of Goodhart
(1984), the standard multiplier theory of money creation is “ . . . such
an incomplete way of describing the process of the determination of the
stock of money that it amounts to misinstruction”.

In modern economies, where the central bank wants to control the
interest rate, money is necessarily endogenous to the system as the
policymaker must provide enough monetary base so that the equilib-
rium interest rate on the market is the desired one. Though this fact is
often recognized even in standard macroeconomic textbooks, then an
exogenous and fixed multiplier is still considered to be the link between
the monetary base and the amount of money available in the economy.
It is completely neglected the fact that the ratio between these two
aggregates can vary according to the behavior of the system and must
not be assumed fixed a priori.3

In this work we take a narrow perspective regarding the creation of
money in a credit economy and focus our attention only on its process.
In particular, our analysis should help explain the short term variabil-
ity in the amount of money, for the part that can be imputed to the
volatility in the multiplier.4 Our work does not try to analyze the de-
terminants of the behavior of banks and households but puts emphasis
on the heterogeneity of the actors involved in the monetary and credit
market and tries to provide a better understanding of the dynamics
of the process of money creation, stripped down to its mechanics and
deprived of any behavioral content. Still, we believe that this approach
can provide useful insights and help build a more comprehensive theory
of money in a credit economy.

2 Post-Keynesian economists, in particular, have long argued about the need of
an endogenous theory of money, one that recognizes the fact that the financial
system is able to generate monetary liabilities in response to real sector’s needs.
But also on the other side of the macroeconomics spectrum (see, e.g., Kydland
and Prescott, 1990) there is support for the view of endogenous money.

3 These issues are somewhat related to the debate between verticalists and hori-
zontalists that was popular in the 1970s. For a detailed exposition and analysis
of the two positions, see Moore (1988).

4 Moore (1988) shows that variations in the monetary base can explain only about
40% of the variability in the M1 aggregate on a monthly base, while this pro-
portion raises to about 65% with quarterly data and to 90% over horizons of
one year. Over short time horizons, therefore, a lot of variability in M1 is left
unexplained by the standard theory.
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1.2 Models of money creation

1.2.1 The static multiplier

Standard macroeconomic theory explains the amount of money avail-
able in an economy starting from the monetary base (H), which is
composed of currency held by the public (CU) and reserves held by
the banking sector (R).5 The money multiplier is simply derived as
the ratio between the monetary base provided by the central bank and
a monetary aggregate (M), composed of currency (CU) and deposits
(D):6

H = CU + R (1.1)
M = CU + D, (1.2)

from which, dividing everything by D and defining cu = CU/D, re =
R/D, it follows that

m =
M

H
=

1 + cu

cu + re
. (1.3)

The standard money multiplier represents therefore an aggregate char-
acteristic of the economy, with essentially no behavioral content. Nev-
ertheless, the ratios re and cu are often taken to represent agents’ indi-
vidual preferences, assumed constant and homogeneous. The whole ap-
proach is essentially static and neglects completely the process through
which money is created.

1.2.2 A dynamic version of the multiplier

We present here a different way to obtain the multiplier: instead of
using ratios of aggregate quantities, we consider the dynamic process
that unfolds through monetary and credit transactions. We start with
an increase in monetary base, in the form of an increase in funds avail-
able to the public. Suppose we are in a situation where households
have exactly the proportion of cash/deposits (cu) that they wish, and
banks have the proportion of reserve/deposit (re) that they want to
hold. Therefore households will split the additional funds they receive

5 It is customary not to distinguish between households and firms, and consider
them as an aggregate entity (the public). We will follow here this simplification
as well.

6 In this work we will refer to a generic monetary aggregate M, which could be
understood as M1 in US or Europe.
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between deposits and cash, in the proportion cu. Banks in turn will
keep a fraction (re) of the additional deposits they receive as reserves
and use the rest to extend new loans (L) to the public, who will split
them again into cash and deposits, and the process continues.7

From the definitions above, we get that at each step i of the process:8

CUi =
cu

1 + cu
Li (1.4)

Di =
1

1 + cu
Li (1.5)

Li+1 = (1 − re)Di (1.6)

which lead to

Mi =
(

1 − re

1 + cu

)i

M0 (1.7)

and therefore

m =

∞∑
i=0

Mi

M0
=

∞∑
i=0

(
1 − re

1 + cu

)i

=
1

1 − 1−re
1+cu

=
1 + cu

cu + re
, (1.8)

where M0 is the original increase in monetary base, in the currency
component. This alternative derivation of the static multiplier shows
its micro-foundations when the behavioral parameters cu and re are
constant and homogeneous. But once we introduce heterogeneity in
those individual parameters, the system changes significantly its be-
havior.

To better analyze the importance of heterogeneity, the aggregate de-
scription for the process (1.4)-(1.8) must be replaced with a distributed
one, where each single bank and household are represented and explic-
itly considered. This implies that in general a closed form solution for
the multiplier will not exist, and computer simulations will be used to
gain insights into the behavior of the system.

7 The following restrictions apply: 0 ≤ re ≤ 1, cu ≥ 0.
8 Here CUi is the additional amount of cash available at time i with respect to

time i− 1, not the total cash available at time i. The same for the other variables
here used.
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1.2.3 Introducing heterogeneity

In a heterogeneous setting, each bank has its own reserve/deposit ratio
and each household its own currency/deposit ratio. If we assume that
each agent (bank or household) in linked to only one agent of the other
type, so that the flow of money is never split into different streams, it
is then possible to express the multiplier (for a unitary increase in the
monetary base) as

md = 1 +
∞∑
i=0


 i∏

j=1

1 − rej

1 + cuj


 , (1.9)

where the index i refers to a “ round” in the process (i.e., household
i deposits money in bank i; bank i extends a loan to household i + 1,
who will deposit money into bank i+1). A bank or household can be
activated in more than one round during the process, as the index does
not identify an agent uniquely, only the action of an agent.

We can see that if rez = 1, or cuz = ∞, for some generic z, then
the terms in (1.9) for i ≥ z are all zero, because agent z acts as an
absorbing state in the system and interrupts the multiplicative process
of money creation. This implies that heterogeneity is important, and
can not be simply averaged out. In fact, the value of the multiplier
computed with (1.9) is different from the one we would obtain by using
averages of all the reserve/deposit and currency/deposit ratios:

ma =
1 + 1

n

n∑
h=1

cuh

1
n

n∑
h=1

cuh + 1
k

k∑
b=1

reb

, (1.10)

where k is the number of banks and n the number of households in the
economy. Here indexes represent individual banks and households. Un-
der homogeneity (∀b, reb = re; ∀h, cuh = cu), (1.8) = (1.9) = (1.10).
But with heterogeneous agents, this is not in general true, as it can
be seen from a simple experiment. We create 100 different economies,
each characterized by 1000 banks and 1000 households with randomly
drawn individual ratios and derive the empirical cumulative distribu-
tion function (cdf) for the dynamic multiplier computed using (1.9)
and for the one computed using averages as in (1.10). As can be seen
in Figure 1.1, the average multiplier ma varies over a restricted range
of values, as much of the variability is washed out by the averaging.
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Fig. 1.1. Empirical CDF of average (dotted line) and dynamic (solid line)
multipliers.

When the behavioral parameters are heterogeneous, the value of
the dynamic multiplier depends, among other things, on the position
where the process starts (for an exogenous intervention, where the CB
“drops” the monetary base). The system is in fact path dependent and
the order by which agents take part in the process becomes relevant.
This is confirmed by our simulations when we compute the dynamic
multiplier 1000 times for the same economy, each time changing the
order by which agents are activated. Results show that the multiplier
can vary over a wide range of values, for the same economy, depending
on the order by which agents take part in the process.9

The standard way to represent the multiplier is therefore mislead-
ing, as in that representation the coefficients re and cu are not really
behavioral parameters, as it may appear by their definitions, but simply
ratios of aggregate quantities.

Note then that equation (1.9) is valid only when all the money re-
mains in a unique stream and never gets split into different branches.
If we allow each agent (bank or household) to be connected with more
than one counterpart, we then need to keep track of all the streams

9 In one of the experiments that we ran, the dynamic multiplier showed a distribu-
tion of values in the interval 1-2.5. Of course ma was instead constant (and equal
to 1.06).
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of money that get generated, and the analytic formula becomes in-
tractable.

1.2.4 Monetary network

We therefore build an artificial economy and try to gain some insights
into the process of money creation by means of simulations. We abstract
from any considerations involving the real side of the economy and only
model the structure of monetary and credit transactions, considering
different possible network topologies at the base of the system and their
impact on the multiplicative process.

The network composed of banks and households is a bipartite net-
work, where edges exist only between nodes belonging to different
classes. In the process that we describe, each node (bank or house-
hold) receives some money from its incoming links, keeps part of it
(as reserves or cash holdings) and passes along the rest through the
outgoing edges. We can uniquely define each node by its ratio of re-
serve/deposit or currency/deposit, and build two matrices, one for the
links from banks to households (where the edges of this network rep-
resent the flow of credit that banks extend to households), and one for
the links from households to banks (where the edges represent the flow
of deposits from households to banks).

We will consider three different network topologies and try to un-
derstand how they impact on the size distribution of the multiplier:
a random graph, a regular graph and star graph. Other topologies of
course could be considered (e.g., small-world á la Watts and Strogatz
(1998) or scale-free á la Albert and Barabasi (2002)), but we restrict
for now to these more common structures.

We start by considering a random network, where banks and house-
holds are assigned random behavioral ratios (cuh and reb)10 and are
randomly linked to each other. The system is composed of 5 banks
and 100 households, with each bank receiving money from and ex-
tending loans to a random number of households. We simulate 100
economies and compute for each the average and the dynamic multi-
plier. In Figure 1.2 we show the distributions (as histograms) of the
two measures. We can see that the variability in the dynamic multi-
plier is much higher than in the average one, where the part due to
heterogeneity gets washed out.

We then consider one single economy with a fixed set of parameters
(thus fixing the average multiplier) and simulate 1000 different pro-

10 With reb and cuh
1+cuh

uniformly distributed between 0 and 1.
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Fig. 1.2. Histograms of average (grey) and dynamic (black) multiplier with
a random network of monetary transactions.

cesses of money creation by randomly inject money on different sites.
Figure 1.3 shows the empirical cdf of the resulting dynamic multiplier:
as it can be seen, the monetary system is path dependent and the final
size of the money multiplier depends, among other things, on the po-
sition where money is injected into the economy. This means that the
multiplier could change even when behavioral ratios for banks’ reserves
and households’ currency remain fixed, an aspect that is completely
neglected by the standard theory.

The next topology that we consider is a regular structure, where
banks and households are laid down on a bi-dimensional lattice. Each
bank is linked to four households, and each household to four banks.
Each link is bi-directional, for deposits and loans (though some can
have zero weight). We simulate the process of money creation on a
lattice composed by 18 banks and 18 households, and show the dis-
tribution (histograms) for the average and the dynamic multipliers in
Figure 1.4. Compared with the case of a random graph, the variability
in the dynamic multiplier is now reduced, as the presence of absorbing
states does not disconnect entire regions of the system.

To conclude, we look at the extreme case of a star topology, where
all households are linked to one single bank which receives deposits and
extends loans to them. We simulate the process of money creation on
a structure of this type with 100 households and one bank, and show
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Fig. 1.3. Empirical cdf of the dynamic multiplier in a random economy with
different paths of propagation.
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Fig. 1.4. Histograms of average (grey) and dynamic (black) multiplier with
a regular network of monetary transactions.
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the results in Figure 1.5. As we can see, the variability in the dynamic
multiplier increases again now, because the presence of only one bank
makes the whole system dependent on the behavior of that bank.

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
0

5

10

15

20

25

30

35

Value of the multiplier

Fr
eq

ue
nc

y

Fig. 1.5. Histograms of average (grey) and dynamic (black) multiplier with
a star network of monetary transactions.

1.2.5 Monetary cascades and the sandpile model: an attempt
at perspective

We try to suggest here an alternative but somewhat complementary
interpretation of the process through which money is created in a credit
economy, viewing it as an avalanche that propagates across the economy
through monetary and credit transactions.

An interesting phenomenon that has been studied in physics is that
of self-organized criticality (SOC), where a system drives itself on the
edge of a critical state, right between stability and instability.11 The
classical example is that of the sandpile model developed by Bak et al.
(1987).

We think that this interpretation could provide useful insights for
the explanation of the process of money creation in a credit economy. If
the system operates right on the edge of a critical state, the introduc-
tion of new monetary base could have a final effect on the monetary
11 For a review of the concept, see Turcotte (1999).
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aggregate that is unpredictable and can vary across a wide range of
values.

Suppose that banks try to keep an average reserve/deposit ratio
in line with legislation requirements, but take actions and extend new
loans only when their individual reserve/deposit ratio reaches a fixed
threshold; and that households try to keep an average currency/deposit
ratio according to their individual needs/preferences, but take actions
and deposit funds into a bank only when their ratio reaches a certain
upper bound. So that when banks extend new loans and households
make new deposits, they will do it for an amount that exceeds the
marginal availability of funds beyond their own threshold.12 In this
way, as time passes, the system could drive itself towards a critical
state, on the edge between stability and instability.

Once in this critical state, for each increase in monetary base we
could see a final increase in the monetary aggregate M of any size.
At times, the process of money creation would end soon, when money
reaches an agent that is below its threshold and therefore hoards the
additional money he receives; but at times the process could spread
out and generate an avalanche, if many nodes involved reach their own
threshold and pass along money to others.

This interpretation could provide a good explanation of the vari-
ability observed in the multiplier, and if the analogy with the sandpile
model is correct, the size of monetary cascades should be distributed
according to a power-law.13 14

We now turn to data to see if a power law characterizes the size
of the multiplier. In this respect, there are a number of issues to keep
in mind. First, the central bank does not ”drop” monetary base con-
stantly and regularly in fixed amounts in the economy; secondly, the
temporal scale is such that different avalanches may overlap, as there is
no guarantee that the time between one central bank intervention and
the next is enough for the system to fully respond and adjust to the
12 Technically, these behaviors prevent the system from reaching a stationary state

of equilibrium, where all agents have just the desired reserve and currency ratios
and simply pass along any additional funds they receive.

13 A feature that is crucial in the sandpile model is the dispersion of the sand
involved in the avalanche. In the monetary system, of course, there is no dispersion
of money, so that the ”pile” of money keeps growing in absolute size, but the
relative size with respect to deposits, that is what matters here, remains constant.

14 While earlier studies of the sandpile model were done using a regular lattice
to represent the interactions among sand grains, Goh et al. (2003) study the
avalanche dynamics of the sandpile model on a scale-free network with heteroge-
neous thresholds and find that the avalanche size distribution still follows a power
law.
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first intervention; third, we have data available at regularly intervals
(bi-weekly or monthly), but an avalanche of money may take different
lengths of time to reach its full extent at different times; finally, we
detrend the multiplier, as its trend is likely to derive from long-run
changes in behaviors that we do not try to explain here and want to
abstract from.15 Having all these limitations in mind, we test for the
presence of a power law in the size distribution of the multiplier.16 Fig-
ure 1.6 (in a log-log scale) shows the best fit of the estimated Pareto
distribution for the right tail (dashed-dotted line) with the vertical dot-
ted line showing the point from which the Pareto distribution has been
identified. Out of the 568 observations available (bi-weekly data for
US, February 1984–November 2005),17 only 157 were identified to be
distributed according to a power-law, and the estimated coefficient is
2.55.

According to this test, the evidence for a Pareto distribution in the
data for the multiplier seems rather weak so far, though we believe that
a more careful analysis is required. In particular, it has to be identified
the measure that better captures the avalanche style behavior of the
system, since the multiplier, suffering from the limitations described
above, might be a poor indicator of such a behavior.

1.3 Conclusions

This paper is a tentative contribution in the field of monetary eco-
nomics and offers a representation of the money creation process in
a credit economy that is alternative to the standard one provided by
the static multiplier. We have focused our attention on the mechanics
of the process, and we have shown the importance of the role played
by the heterogeneity of the actors involved and their interactions. An
important feature that has been shown here is the path dependence of

15 The series is detrended using the Hodrick-Prescott filter.
16 We apply a procedure that first tests for the presence of a Pareto distribution

in the data, identifies a region that with a 95% confidence interval follows such a
distribution and then applies bootstrapping techniques to find the Hill estimator
for the coefficient of the distribution.

17 We also applied the same procedure to a constructed series for the multiplier,
obtained as the ratio between the monetary aggregate M1 and the monetary
base, using US monthly data for the period 01/1959-08/2006, with the resulting
multiplier then detrended using the HP filter. We obtained similar results in terms
of the proportion of data appearing to be Pareto distributed, though the estimate
for the coefficient was lower, about 2.25.
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Fig. 1.6. Empirical distribution of the detrended money multiplier. The
dashed-dotted line indicates the best fit for a power-law.

the system, which implies that position and timing of CB’s interven-
tions on the money market will have an impact on their effectiveness.
Finally, the structure of the monetary system has been shown to af-
fect the variability of the multiplier and therefore the process of money
creation. It is therefore important that some effort be devoted in order
to understand the empirical structure of monetary and credit transac-
tions.

The approach we have adopted in this work, we believe, is well suited
for supporting a theory of endogenous money, as it does not imply a
deterministic and causal relationship between the monetary base and
the quantity of money. Emphasis is placed on the monetary and credit
transactions, and though we did not try to link these transactions to
the economic activity, the two aspects are clearly interrelated.

Our analysis is just an initial step and much road has still to be
covered in order to develop a theory that can properly account for the
process of money creation, but we hope that our work will stimulate
others to join the ride.
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