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Chapter 1
Introduction

E

urope is facing a severe economic and monetary crisis:

the deep reces-

sion that hit in 2007 the United States economy and following spread to

the whole Europe brought the Europeans institutions, as well as each individual country, to their kneesand still continues to create new issues and
challenges. As a consequence, always more frequently a part of public opinion and some policymakers have begun to point at Euro, the single currency
adopted by several EU members, as the scapegoat of all evil.
Even before, Europe is an enormous cultural challenge for each European
citizen: we live in an European Union ; do we feel Italian, French, Spanish,
or do we really feel Europeans ?

Several walls still divide EU Members,

rst among everything the language dierences; also our History tells about
nations for centuries divided by wars. Each generation has its own challenges:
for usyoung Europeansone of the most important will be to support and
reinforce the European project, feeling it as an opportunity of growth and
not as a constraint imposed by blind bureaucrats.
Precisely these diculties and the extreme actuality of the argument, as
well as the desire to deepen a theme so important for the cultural, economic
and political future of the whole European population, have made this problem so interesting and worthy of attention to me, pushing me to ask myself
the questions that gave the birth to this project and to the resulting thesis
work that I am briey going to describe here.
The thesis is structured as follows: in Chapter 2 we will discuss the importance of historical events which aected Europe in the XX century, to
understand the reasons of the birth of the European project; we will also
present a brief overview on the most recent political and economic European events happened in last few months, underlying the importance of a
hypothetical Grexitor Brexit, tooin European key, to contextualize the
debated theme.
Chapter 3 discusses the concept of Agent-Based Model, analyzing its
main features, its advantages and disadvantages, and explaining why ABMs
7

8

CHAPTER 1.

INTRODUCTION

can be a useful tool to inspect macroeconomics thematics; it describes also
the role of Complexity and how it can be linked with Economics and ABMs,
using two works, Eurace (section 3.2.1) and The Atlas of Economic Complexity (section 3.2.2), as an example.
Chapter 4 gives some basic economic traditional notions, as a brief introduction on Euro, Eurozone, ECB and on national accounting, the concept
of optimum currency area, the European NUTS subdivision and a proposal
(section 4.3) of an European subdivision in areas, on the model of the American Federal Reserve Bank.
Chapter 5 focuses on the model setup, examining in detail NetLogo, the
program used to create the model, and the GIS extension, fundamental to
create a European graphical interface: we will explain that our goal is to
load a dataset containing geographical information concerning the European
NUTS2 subdivision.

Then, we will associate to it a dataset carrying eco-

nomical information and we will discuss how the model generates agents
(consumers, governments and Central Banks) containing this information.
Chapter 6 compares the data elaborated by agents with real data: consumers consume and produce ; governments collect data at regional and national level, Central Banks analyze them evaluating the regional and national
balances; the results, both numeric and graphical, will be compared with real
data provided by the Bank Of Italy, the Atlas of Economic Complexity and
the Eurostat Regional Yearbook.
The goal of the chapter 7 is to obtain a realistic incomes distribution for
European consumers; to do that, we will compare at rst the Weibull and
the Pareto distributions, introducing also the concepts of power law, Pareto
principle and Gini index (a measure used to evaluate the inequality of a
distribution); thus, we will use the relation among Gini index (a regional
data) and the Weibull distribution, to extract regional income distributions.
Finally, we will explain how we implemented the Weibull distribution and
we will compare the results with real data.
In chapter 8 we will discuss the concept of cluster analysis and the main
existing clustering techniques; thus, we will focus on K-Means algorithm,
analyzing how it works, and we will implement it in the model in two main
ways. At rst, using it as a tool to regroup Europeans regions similar among
them: it will allow to divide Europe into new regional aggregations, that is,
hypothetical sovra-national areas with a similar economic structure, managed by a regional European Central Bank per each area, that might follow
monetary policies particularly tted for the European territory under their
own jurisdiction. Secondly, to create clusters of consumers: in this case, we
will treat the Europe as a unique entity, to inspect possible eects of policies
aecting all the European citizens, dividing the whole European population
into classes of similar consumers and classing them through an income-based
approach.
Chapter 9 shows the conclusions and the further researches.

Chapter 2
An overview of Europe

I

n the last few months while I was working on my thesis, several political
and economic events have forced the whole Europe to deal with deep chal-

lenges of crucial importance, which have upset its own foundations, revealing some criticalities and non-negligible weaknesses of the European project,
raising many questions and bringing a substantial part of public opinionas
well as several members belonging to the decision-making structures, technicians and European policymakersto put in doubt the very same condence
in the challenge of a united Europe.
A united Europe, despite historically the dynamics between the countries

have been for centuries centered on rivalries and constant wars, guided by
the desire to prevail and emerge at the expense of other nations. A history
of nationalisms, marked by divisions and inghting, and culminated in the
tragic events of the twentieth century: World War II and the communist
and National Socialist totalitarianisms. These facts have irreversibly upset
for decades the political and economic stability, as well as the well-being of
European citizens.
But precisely these divisions led to the birth of the European project: it
is impossible to imagine, without considering these wounds and scars, which
so deeply marked the memory of European populations, why the end of
the world conicts have been accompanied by a new hope, by a so strong
emotive push, towards a united Europe. It is hard to fully understand the
history of the European Union without considering these dramatic events
as the spark in the heart of the founding fathers towards the birth of the
European project, which in a united Europe have seen rst of all the incipit
of a contorted, long, complex itinerary towards a Europe no longer upset
by wars and devastation, but tied by a single ag and by the desire to nally ensure peace and prosperity for its inhabitants. A project maybe still
immature, considering the cultural identity of the majority of Europeans,
strongly anchored to the awareness of belonging to their own nation; a complex challenge, full of diculties and uncertainties, even more so considering
9
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the great diversities and the historic rivalries of the countries involved.
An itinerary in which it was impossible not to foresee, big crossroads
towards a real and a more and more total unication, the adoption of a single
currency. This step fostered economic integration of the dierent areas: the
Euro ocially started circulating 1 January 2002 and in various steps and
repeatedly, 19 of the current 28 EU members adhered to it.
A path, however, already strained by the events, despite its short life: the
economic crisis, that hit the US economy in 2007 and then spread to Europe,
has devastated not only the economies of individual European countries,
but also the same institution that coordinates and unites them, the European Union; events that still carry heavy aftermaths: severe unemployment,
particularly in southern European countries, continuous maneuversoften
ineectiveintended to stimulate the economy and consumption, a general
increase in public debt and a general contraction in each area of production
and consumption, causing a deep recession which is not over yet. As I said
at the beginning, an event took place that mostly has put to the wringer
the European Union from its inception, even risking to compromise its own
survival: from the autumn of 2009, when George Papandreou revealed in
public that national accounts had been falsied to give Greece a chance to
enter in the EU and public debt started to increase, also pushed up by the
fears of the investors; to the succession of increasingly hectic events, started
with the releases of Alexis Tsiprasactual Greek Prime Minister and leader
of Syriza party, sustaining that Greece would have been unable to repay
his debt with the IMF, and prosecuted with an enormous number of meetings, reciprocal proposals and rejections regarding the management of the
greek crisis, and many others strategical moves on an extremely complex
chessboard. Events that culminated in the dramatic days of the referendum
announced by Tsipras, when in 5th of July 2015 he consulted greek citizens
about the decision to accept or not the conditions proposed by EU, IMF and
ECB to exit from the crisis, and in the resulting discussions on whether the
Greece shouldor even may be forced toexit from the Euro, with all the
legislative, executive, economic and political annexed problems, all in a general climate of nervousness, tension, worries, instability and fear; facts that
unlikely the greek population will forget soonand other European citizens,
too. We refer, of course, to the much-discussed Grexit.
To make matters worse, on 23rd May of 2015 a strictly reserved document
of the Bank Of England has been made public because of an internal error,
explaining in detail some studies on risks related to a Brexit , that is, the
possibility that United Kingdom could leave the EU; and this hypothesis
was discussed as a probable and realistic eventuality, also because of the
referendum regarding this argument promised by the Government before
2017. In eect it is not an uncertain scenario: on 7th May of 2015, David
Cameron, leader of the conservative party, was re-elected Prime Minister; one
of his rst actions as a Prime Minister has been to underline his intention to

11

announce a referendum, before 2017, concerning EU and United Kingdom.
The UK is certainly not the only European country that manifested this
trend; the issue is very active also in Italy, where many politic leaders strenuously argue the futility of the single currency and the need for a return
to national currencies with oating exchange rates and the complete abolition of the Euro.

Similar dynamics are becoming always more frequent

also in other European countries, where there is a generalized growing antiEuropean sentiment.

What would be the impact on European economies,

if some countries really decide to take the path towards the exit from the
European Union, or from the Eurozone? How would other countries react?
Would the European project resist to a similar recoil?
The problems related to Europe and to the economic unication are
certainly not limited to this component of political nature; what would be the
response of EU and Eurozone to a shock of economic nature? As an example,
during the month of October 2015, media reported the news of a fraud,
accomplished by German manufacturers of motor vehicles, who manipulated
the sensors emissions to rig the results, thereby producing cars that exceeded
the limits imposed by law. If these companies should shut down part of the
establishments to reorganize its industrial production, because of sanctions
and compensations to be paid to consumers, what impact would aect the
European economy? The European Union would be able to face a similar
economic shock? With what consequences?
Or even, if Europe becomes subject of speculative attacks on exchange
rates, due to internal imbalances, originated by the presence of a unique monetary policy and xed exchange rates, how would the ECB react?

Would

the famous motto whatever it takes with which Mario Draghi (2012) argued that ECB would have responded by buying or selling Euros without
restriction to any speculative attack be enough?
As it is possible to understand through these few lines, which have the
intention to present a brief overview on the overall situation of the European Union, the situation that EU is facing is anything but simple; many
problematics and pitfalls risk to embarrass the path of European unication,
even more in a moment so economically hard as our present.
However, precisely these diculties and the extreme actuality of the argument, as well as the desire to deepen a theme so important for the future
also from a cultural point of viewof the whole European population, have
made this problem so interesting and worthy of attention to me, pushing me
to ask myself the questions that gave the birth to this project and to the
resulting thesis work that I will expose in the following chapters.

12
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Chapter 3
Euro and Complexity: why an
ABM?

T

he goal of my work is to explore a thematic,

so important and signif-

icant for the future of every European citizen, as the problem of the

introduction of a unique currency, the Euro, and its eects on the European
countries, trying to use innovative instruments related to the eld of physics
of complexity.
We study here macroeconomic problems - such as the introduction of the
Euro in Europe - as a complex system, through the theory of the agent-based
models; moreover, I will try to create a model to give some responses to the
several questions the European project has raised, a tool to inspect and
compare the dierences among the dierent European areas, exploitable to
create clusters of European regions, similar among them, to evaluate which
of them should need similar or dierent economic policies, as well as a powerful instrument to create what if  situations: as an example, to evaluate the
eect of the exit from the Eurozone of a country (did someone say Grexit?),
or the opposite situation like the entry of a new country in the EU. Always
in a what if  perspective, another way to use this model is to analyze which
eects could have dierent reactions of citizens with dierent social conditions (perceived incomes, employment sector, employment condition, and so
on) to an economical shock, evaluating how this would spread from the micro
level (the individual behavior) to a macro level (the regional and national
economical responses).
To understand how I have realized the model, let us start from the beginning, supplying a theoretic explanation of the techniques I have used to
create it.

13
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EURO AND COMPLEXITY: WHY AN ABM?

3.1 Agent-based models
"[...] When the crisis came, the serious limitations of existing
economic and nancial models immediately became apparent. [...]
Macro models failed to predict the crisis and seemed incapable to
explain what was happening: [...] we felt abandoned by conventional tools. [...] Agent-Based modeling allows for more complex
interactions between agents: such approaches are worthy of our
attention".
With these words, pronounced on 18th of December 2010 at the Opening
address at the ECB Central Banking Conference in Frankfurt, Jean-Claude
Trichet, at that time President of ECB, welcomed the possibility of introducing new tools to analyze problems of macroeconomic nature, suggesting
the inadequacy of previous instruments, which clearly failed in trying to preview and to handle the crisis the Europe felt in during the recent years. In
particular, he referred explicitly to agent-based models: but what are they
precisely?
An ABM (agent-based model) is a computational method for simulating
the actions and interactions of autonomous agents, that is, it involves building models that are computer programs, and enables to create, analyze, and
experiment with such models, composed of agents that interact within an

environment, with a view to assessing their eects on the system as a whole.
It is a model : computational social science is based on the idea of constructing a smaller and scaled representation of the reality, where the level
of the detail is reduced to emphasize some feature we are interested in and
then using them to understand the social world; this representation allows
us to focus on those aspects of the world that we believe most relevant.
The environment is the virtual world in which the agents act. It may be
an entirely neutral medium with little or no eect on the agents; in other
models instead the environment may be as carefully crafted as the agents
themselves, and could have a crucial role in the development of agents behavior. Commonly, environments represent geographical spaces where agents
move.

Agents are parts of the program that are used to represent both individual or collective entities (such as organizations or groups)in general,
they can represent a huge variety of items, both living and non-living entities, from humans to transport means or animals, but also bacteria, viruses,
atoms or molecules. After all, they are just a symbolic depiction of what the
programmer decides they must represent.

What distinguishes them from

each other are, in fact, the individual properties that can be associated with
each agent, as well as the interactions modalitiesindividual, too, which
may vary depending on the entity which is encountered.
Agents can, therefore, interact : that is, they can pass informational mes-

3.1.

AGENT-BASED MODELS
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sages to each other and act on the basis of what they learn from these
messages. The messages can represent spoken dialogues between people or
more indirect means of information ow, such as the observation of another
agent or the detection of the eects of another agent's actions; the information can also be a mathematical law, which can dier from an agent to
another. They can be programmed to react to the computational environment in which they are located, where this environment is a model of the
real environment in which the real agents operate.
When we consider the interactions, it is fundamental to keep in mind a
key notion: simple behavioral rules generate complex behavior. This principle, known as K.I.S.S. (Keep it simple, stupid) is extensively adopted in
the modeling community and supports the idea that the complexity does not
arise from complicated rules and interactions among agents: no equations
describe the social structure, neither the macro-level. Instead, the source
of complexity should reside elsewhere; the whole is greater than the sum of
the parts, would say Aristotle. However, the concept of complexity will be
recovered and deepened later (see section 3.1.3).

3.1.1

Advantages and disadvantages of ABMs

Now that we know what an ABM is, a legitimate question is to ask ourselves
which benets can bring this approach, compared to more traditional tools;
moreover, those advantages should be weighted on the problematics that
could arise from this analysis.
At rst, traditional models do not provide heterogeneity, on the contrary
they represent economic actors through average values, or Gaussian distributions:

anyhow, heterogeneity is bound to be very low.

This is clearly

unrealistic: most economic phenomena are generated in conditions in which
the dierences among the involved elements are fundamental to explain the
results; one of the main features of ABMs, at the contrary, is that agents
can be extremely heterogeneous, and can represent several dierent elements
with personal properties: in an extreme case, an ABM could be thought as a
way to diversify agents one by one. This obviously leads to a huge number of
possibilities to diversify the behavior of agents, like the creation of elements
belonging to dierent classes (a social condition, a political party, a dierent
nation of origin . . . ), or completely dierent typologies (such as rms and
workers, in an economical context, animals ans humans, viruses and target
cells, and so on).

But above all, this heterogeneity can be carried in the

agent decision-making process and interactions, which can variate from an
agent to another, but also according to the object the same agent is interacting with (which can be another agent of the same or of a dierent class, an
element of the environment, . . . ). Dierent rules can be modeled to obtain
a more realistic behavior.
Strictly linked to this feature is the notion of bounded rationality: many
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models implicitly assume that the individuals whom they model are rational, that is, that they act according to some reasonable set of rules; some
economists, especially those using rational choice theory, have been accused
of assuming that individuals are hyperrational. In ABMs, agents are sim-

ple : to optimize their utility or welfare, individual agents are typically characterized as boundedly rational, their knowledge of other agents and of the
environment is limited; they are not perfect rational agents, and their behavior is presumed to be acting in what they perceive as their own interests, such
as reproduction, economic benet, or social status, using heuristics or simple
decision-making rules which not consider necessarily all the information they
could get form the environment.
However, always in a perspective of greater realism, ABM agents may
also show the ability to adapt to new situations or to changes in the environment, and experience learning from their actions, through the use of neural
networks to guide their future behaviors: in a rst phase, agents accumulate experience through their actions, which are initially random, creating
then a dataset of experiences; then, the neural networks are trained using
this information: nally, agents will be acting based on the suggestion of
the trained articial neural networks adopting the behavior which has the
maximum expected behavior.
Another advantage emerges through the comparison with traditional researches: a problem related to traditional economic studies is that it is common to have a large separation between theory and data. From one perspective, it could lead to theoretical developments that rely more on theoretical consistency than on empirical salience. From the opposite perspective,
evidence resulting from empirical studies risk being underestimated if not
corresponding with pre-existing theories.
Often the reason of this distance between this two approaches can be
ascribed to the absence of exibility in the traditional models:

economic

formalisms take the form of mathematical equations and consequently tend
to modelize and idealize the reality, becoming inadequate in the description
of reality and in returning its degree of complexity. An example is the overwhelming evidence collected in several studies about the unrealistic nature
of maximizing agents: empirical economists continuously observe inconsistencies between theory and empiric data, but in traditional approaches no
adequate substitutes have been found to replace those sources of unrealism,
and those who try to replace them are no widely accepted; a compromise
between theory and data becomes then necessary.
In ABMs, instead, this problem can be xed; in fact, it is an instrument
that allows to conduct theoretical investigations, but also to use the huge
quantity of data that computers and Internet made available in recent years;
they can also be used together, obtaining models which can integrate both
methods, avoiding the implicit trade-o contained in most of the traditional
approaches.
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Related to this distinction, according to Axtell (2000), ABMs can be
classied in three possible cases of use of computational constructions based
on agents:

•

the rst use occurs when models can be formulated and completely
solved: agent models as classical simulation, mainly to make what-if
evaluations;

•

the second use is about partially soluble models: articial agents as
complementary to mathematical theorizing;

•

the third use relates to the cases of existing equilibriums, which can be
incomputable, not attainable by bounded rational agents, known only
for simple network congurations, or less interesting than transition
phases, uctuations, and extreme events.

Connected to this feature, ABMs have another interesting property: since
they are extremely exible, it is possible to choose the degree of realism in a
model; this generates the ability to investigate which mechanisms are responsible for a phenomenon, their interplay and the conditions under which one
prevails over the others: it is then easier to discern causality from spurious
correlations.
Another advantage is the interdisciplinarity: the ABM approach is useful, since it also allows to combine elements of game theory, complex systems,
emergency, computational sociology, multi-agent systems, evolutionary programming, Monte Carlo Methods and many other tools; but farther, it is
possible to consider others informations: when considering a society, it is
fundamental to take in account the social dynamics, the individual psychology, as well as the behavioral studies in implementing through interactions
among agents the processes of decision-making. This leads to another advantage of using ABMs, that is, the extreme interdisciplinarity of this approach;
as an example, see Cincotti et al. (2012).
Disadvantages: Some weaknesses of the method, however, can be considered and discussed. At rst, the model can hardly be completely understood
without studying the program used to run the simulation; moreover, the
code could contain bugs, and the results could be accepted even if generated from mere code errors (in this case, a solution could be to use agents
created expressly to report anomalies, or in cases of primary importance, to
write the same code using more than one programming language); a simple
comparative example: if an accounting procedure produces strange results,
the user searches for an error, if a simulation program produces anomalous
results, the user may have discovered an interesting nding, risking to accept
them as good results even if they are not.
Further, some diculties can arise in exploring the entire set of hypotheses, mainly due to the inclusion of the behavioral rules for the agents within
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To stem those weaknesses as much as possible, a proto-

col called Swarm has been introduced in the mid-1990s, a sort of library
of functions from which to build agent-based computer models, born with
the purpose of creating a lingua franca for ABMs development. Its modern
relative is SLAPP (Swarm-Like Agent Protocol in Python), the corresponding protocol for Python programs. For further deepening, see Minar et al.
(1996), Isaac (2008) and Boero et al. (2015).
To conclude, I report these words, extracted by a paper of Axtell and
Epstein (1999), which have had a fundamental importance in the growth
and diusion of ABMs in the 1990s, to give an example of the crucial role of
heterogeneity, interdisciplinarity and bounded rationality:

Experimental economics and psychology have now produced strong
empirical support for the view that framing eects, as well as contextual and other psychological factors put a large gap between
homo economicus and homo sapiens [...]. Individual rationality
is bounded. The question we pose here is: Does that matter? How
does it matter?
To answer these questions, we have developed a model in which
imitation in social networks can ultimately yield high aggregate
levels of optimal behavior despite extremely low levels of individual rationality.[...] Perhaps the main issue then is not how much
rationality there is (at the micro level), but how little is enough to
generate macro-level patterns in which most agents are behaving
as if  they were rational, and how various social networks aect
the dynamics of such patterns.

3.1.2

Emergences in ABMs

From these words, another fundamental concept arises: agent-based models
are, in fact, a kind of microscale model that simulate the simultaneous operations and interactions of multiple agents in an attempt to re-create and
predict the appearance of complex phenomena, in a bottom-up process, in
the sense that the aggregate behavior of the social system is the result of
interaction and reasoning on the level of individuals.
This feature, that here appears clearly, is the one of the emergence : meso
and macro level phenomena arise from the micro level interactions of agents,
that is, from the local interactions of the agents (see Epstein, 2006b, p.146),
producing emergent patterns and structures.
A brief sample denition of emergence goes as follows: a structure or
entity can have multiple levels of explanation. For example, the movements
of a crowd can be explained as if the crowd was a single entity. That same
movement can be explained as the accumulation of individuals movements.
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Figure 3.1: Dunes and water crystals: dierent examples of emergence in
nature

If a structure can be explained more succinctly and equally accurately at a
higher level, then it is emergent. Emergences take place in several dierent
elds: in economies and societies, as an example, with cities, trade patterns,
information networks, and cultural norms, just to name a few; in animal
behaviors (like swarms, or anthills), in nature (the formation of complex
symmetrical and fractal patterns by snowakes, the patterns in sand dunes
created by wind), and many others sectors.

Emergent behaviors can oc-

cur because of intricate causal relations across dierent scales and feedback,
known as interconnectivity. The emergent property itself may be either very
predictable or unpredictable and unprecedented, and represent a new level of
the system's evolution. The complex behavior or properties are not a property of any single such entity, nor can they easily be predicted or deduced
from behavior in the lower-level entities, and might in fact be irreducible to
such behavior.
One reason why emergent behavior is hard to predict is that the number of interactions between components of a system increases exponentially
with the number of components, thus potentially allowing for many new and
subtle types of behavior to emerge.
On the other hand, merely having a large number of interactions is not
enough by itself to guarantee emergent behavior; many of the interactions
may be negligible or irrelevant, or may cancel each other out. In some cases,
a large number of interactions can in fact work against the emergence of
interesting behavior, by creating a lot of noise to drown out any emerging
signal. Thus it is important how these connections are organized.
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Emergence is often a product of particular patterns of interaction. Negative feedback introduces constraints that serve to x structures or behaviors.
In contrast, positive feedback promotes change, allowing local variations to
grow into global patterns. Another way in which interactions lead to emergent properties is dual-phase evolution. This occurs where interactions are
applied intermittently, leading to two phases: one in which patterns form or
grow, the other in which they are rened or removed.
Emergence is an extremely important element in ABMs, for the intrinsic
structure of this approach; moreover, it is also a central element of a complex
system. It is then time now to deepen this concept, inspecting its meaning
and what are its main characteristics.

3.1.3

Two's company, three is complexity

Take a look in many dictionaries, and you will nd Complexity
dened along the lines of The behavior shown by a Complex System. Then look up Complex System, and you will probably see
A system whose behavior exhibits Complexity. So what's going
on? Well, unfortunately, Complexity is not easy to dene.
These words, extracted by Johnson (2009), give an idea of the complexity
of Complexity; even among scientists, there is no unique denition of its
meaning; the only consensus among researchers is that there is no agreement
about its specic denition.
However, existing examples, which are widely accepted as instances of
complex systems, can help us in dening what a complex system is.
At rst, we can immediately note the strict correlation existing between
the concept of emergence and Complexity; in fact, we can think to a complex
system as to a system featuring a large number of interacting components
whose aggregate activity is nonlinearnot derivable from the summations of
the activity of individual components, from which emerge new phenomena
and structures, and typically exhibiting hierarchical self-organization.
In the seminal paper More is dierent, Anderson et al. (1972) describes
complexity in this way:

(p.393) The reductionist hypothesis may still be a topic for controversy among philosophers, but among the great majority of active
scientists I think it is accepted without questions. [...] The main
fallacy in this kind of thinking is that the reductionist hypothesis
does not by any means imply a "constructionist" one: the ability
to reduce everything to simple fundamental laws does not imply
the ability to start from those laws and reconstruct the universe.
[...] The constructionist hypothesis breaks down when confronted
with the twin diculties of scale and complexity. The behavior of
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Figure 3.2: the emerging complexity in swarms

large and complex aggregates of elementary particles, it turns out,
is not to be understood in terms of a simple extrapolation of the
properties of a few particles. Instead, at each level of complexity
entirely new properties appear, and the understanding of the new
behaviors requires research which I think is as fundamental in its
nature as any other.
Quoting again Johnson (2009):,

Complexity can be summed up by the phrase "Two's company,
three is a crowd". In other words, Complexity Science can be seen
as the study of the phenomena which emerge from a collection of
interacting objectsand a crowd is a perfect example of such an
emergent phenomenon, since it is a phenomenon which emerges
from a collection of interacting people.
The big goal of Complexity Science is then to understand, predict and
control such emergent phenomenain particular, potentially catastrophic
crowd-like eects such as market crashes, trac jams, epidemics, illnesses
such as cancer, human conicts, and environmental change, trying to understand if they are predictable in any way or they just appear randomly
without warning.
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What is remarkable about such emergent phenomena, is that they can
arise in the absence of any central controller or coordinator: just think, as
an example, to a trac jam or to market crashes; this represents a universal feature of Complex Systems: emergent phenomena can arise, giving
a meaning to the mysterious invisible hand.

The collection of objects is

able to self-organize itself in such a way that the phenomenon appears all by
itselfas if by magic.
Then, even if a Complex System and Complexity are terms hard to be
dened, there are some elements that any Complex System should contain
in itself:

•

The system contains a collection of many interacting objects or agents ;

•

These objects' behavior is aected by memory or "feedback";

•

The objects can adapt their strategies according to their history;

•

the system is open and can be inuenced by its environment ;

•

it may evolve in a highly non-trivial and often complicated way, and

•

it exhibits emergent phenomena which are generally surprising, and
may be extreme.

•

The emergent phenomena typically arise in the absence of any sort of
"invisible hand" or central controller;

•

The system shows a complicated mix of ordered and disordered behavior.

Well, these features remember immediately something we already spoke
about. . . That is, Agent-based models.

3.2 ABMs, Complexity, Economics . . .
The Economy has historically been considered an extremely complicated
machinery, but it was believed that our misunderstanding of some economic
phenomena was substantially due to our ignorance in the matter and that,
in any case, the most suitable tool to study it was the theory of optimal
control (originally developed as a tool for controlling missiles' launch and
ballistics).

Researchers thought, therefore, that sooner or later, with the

full understanding of the underlying laws, a model explaining perfectly all
dynamics would have been reached.
Let us consider, for example, the planning of an airplane: it will foresee
the creation of a huge number of components; only a highly competent person
would be able to understand its details. The project could come to be even
composed of hundreds of thousands of pages. However, if we were interested
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in inspecting the detail of any component, we would be able to do so, having
indeed a project which to refer to: the diculty would lie in the degree of
complication of the realization of the work.
This is the crucial node of our discussion: it is now clear that the economy is radically dierent from a device, no matter how intricate it can be
conceived, as the nature of the diculties in understanding its dynamics
does not correspond to how complicated it is. This diculty lies elsewhere.
About this purpose, in Collected Writings of Keynes (1971) is contained
a very singular episode, quoted here as a brief but fascinating excursus, in
which J.M. Keynes narrates about a dialogue he had with Max Planck:

Professor Planck, of Berlin, the famous originator of the Quantum Theory, once remarked to me that in early life he had thought
of studying economics, but had found it too dicult! Professor
Planck could easily master the whole corpus of mathematical economics in a few days. He did not mean that! But the amalgam of
logic and intuition and the wide knowledge of facts, most of which
are not precise, which is required for economic interpretation in
its highest form is, quite truly, overwhelmingly dicult for those
whose gift mainly consists in the power to imagine and pursue
to their furthest points the implications and prior conditions of
comparatively simple facts which are known with a high degree of
precision.
An interpretation that has been given to overcome this incorrect vision
of economy, as a complicated machinery, is that the economy is made up of
people, businesses and governments, which interact with each other, trying
to anticipate the actions of others and their future moves: on this basis has
been developed, for example, the branch of research related to the "game
theory", interpreted as a strategic interaction of players aiming to achieve
positions of advantage over the other players.
Notice how the interaction at the microscopic level of the elements involved now plays a crucial role, and how this feature has been taken at the
center of the research: this new perspective implicitly suggests that to understand the macroscopic dynamics, it is crucial to investigate the microscopic
properties of our system.

Again, ABMs, with all the features presented

above, seem an appropriate tool to try to describe economy through complexity.
Quoting Page (2005),

The four primary features of agent based models: learning, networks, externalities, and heterogeneity have all been the focus of
growing interest within mainstream economics over the past two
decades.

None of these ideas were central to neoclassical eco-

nomics. Yet, now all are part of the mainstream.
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A lot of examples of economic elds which can be studied through complexity and ABMs are available: nancial and good markets, emergent behaviors from micro-level of social actors individuals or groups: householders, but also rms, governments, . . . , consumers and producers models,
industries studied as nodes of a network, manufacturing supply chains, and
many many others.
Above all, some recent works, based on the concept of Complexity and
on its foundations, have plenty of our attention, since they introduce this
new approach, applied to the economy, and bring in general innovative ideas
to elaborate to economic problems. We will take then in more detailed exam
two specic researches, particularly suitable to introduceand to supply
some theoretical basisto my work.

3.2.1

Eurace

Eurace is a particularly interesting work for our purposes, since it is an
agent-based macroeconomic model and simulator, under development since
2006, with the aim of designing and implementing a platform able to integrate dierent sectors and markets; in particular, three economic spheres
are considered: the real sphere (consumption goods, investment goods, and
labor markets), the nancial sphere (credit and nancial markets), and the
public sphere (Government and Central Bank), in a fully integrated approach which probably makes this project the most complete and developed
large-scale agent-based economic model. For these reasons, it can be considered as an arrival point and a model which to refer to when programming
through ABMs. Following an ABM approach, Eurace suggests an innovative
approach, and some interesting general features can be outlined:

closure

as already mentioned, Eurace is one of the very rare fully-specied

agent-based models of a complete economy.

Eurace is dynamically

complete, that is, it species all real and nancial stocks;

decision processes

It introduces the realistic assumptions that agents have

limited, not exhaustive information; similarly, their rationality and
computational capabilities are limited: for these reasons, the behavior
of the agents is strongly based on experimental evidence from the psychological literature on decision making; it also includes the possibility
that agents, through learning, alter their method of decision in case
of change in the economic environment (showing both adaptation and
learning abilities);

markets

The operating principle of the markets is empirically inspired by

real-world markets: the market for consumer goods is delocalized, there
is an interaction one-by-one between rms and consumers, and citizens spend their earnings on weekly basis; moreover, market proto-

3.2.

ABMS, COMPLEXITY, ECONOMICS . . .

25

cols capture important market frictions based on problems of research,
matching and expectation formation in turbulent environments that
are present in real world labor and goods markets;

balance sheets

use of a double-entry balance sheet, to keep a detailed ac-

count of assets and liabilities of each agent;

timing

time has a fundamental role. Some decisions have dierent timings,

in order to reect real time scales: some agents take decisions daily,
others monthly or quarterly; moreover, asynchronies are present: different agents have dierent activation days: that is, two agents which
operate on a monthly basis, can be activated in dierent days on the
month: agents then can not interact always with any other agent, since
dierent agents are active on dierent days;

large-scalability

Eurace has been projected so as to be able to vary sensi-

tively the agents number and to be scalable to a large number of agents:
in fact, one of its most important goals is to analyze how far qualitative properties of the phenomena arising in economies with interacting
heterogeneous agents change as the number of involved agents goes up;

FLAME

The Eurace model has been implemented in FLAME (Flexible

Large-scale Agent-based Modeling Environment). The FLAME framework is specically designed to provide a formal and very exible approach to agent-based modeling and enables the creation of agent-based
models that can be run on high-performance computers.
The interactive agents implemented in Eurace are very complex and follow several rules and algorithms which dene them with a high detail level,
making them very realistic; however, we will omit in this analysis the majority of algorithms, since they are too detailed for our purposes.

Here I

present a list of the Eurace agents and of their main features, graphically
represented in gure 3.3:

Firms and production
Two types of producers are considered in the Eurace model: capital goods
producers, which employ energy and raw materials to produce, and consumption goods producers, which use labor and capital goods to produce. The
rsts are very simple, they do not have inventories, nor nancing needs;
consumption producers, instead, employ a Cobb-Douglas function to produce, ask loans to the banking system to nance their production plans, pay
taxes, dividends, interests and loan repayments. Production, investment and
nancing decisions are taken, processed and completed by rms in their respective activation days, according to their own equity, their liquidity and
other variables. In g. 3.4 is shown a rm balance sheet. In detail, here are
reported the main decisional algorithms:
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Figure 3.3: A schematic representation of agents and markets included in
the Eurace model; arrows shows the possible interactions

I. Production and price decisions.
Each rm keeps a stock of its unsold production as inventories

If ; stan-

dard results from inventory theory suggest that the rm should choose
to produce its desired replenishment quantity

Q̃f,t

for period

τ , accord-

ing to the following rule:

Q̃f,t
where

(
0
=
Q̂f,t

If,t ≥ Q̂f,t ,
If,t < Q̂f,t ,

(3.1)

Q̂f,t is the optimal expected value of Q for the consecutive period.

Notice that, to avoid excessive variations in production, this value is
smoothed, since

Q cannot vary too much in brief periods of time; prices

are established with a standard rule, called break-even analysis, that
maximizes prots in function of dierent prices of goods;
II. Factors demand.
Firms establish their necessity of physical capital and labor, choosing
workers according to their skills, which are intrinsic individual features,
and specify the ability of workers in each considered eld; some skills
can improve in time through work. A Cobb-Douglas production function regulates then the eective production

Q.
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III. Loans.
Each rm has to pay an amount of cash outows

Pf,t ;

following the

pecking-order theory, to pay debts, each rm rstly will use the disposable liquidity

Lf,t ;

if

Lf,t < Pf,t ,

the rm will ask a loan to a bank.

However, agents have bounded informations, and rms will not interact
with every bank; moreover, each bank has the possibility to choose the
amount of money is willing to lend and the interest rate associated to.
Firm will choose the loan from the bank applying the lowest interest
rate.

Figure 3.4: An example of agent's balance sheet: here is reported a rm

Households and consumption. Households have multiple roles: they
are simultaneously workers, consumers and nancial market traders. They
pay taxes, they hold bonds and rms' equity shares; the theory of buerstock saving behavior models their decisions on saving and consumption,
that is, consumption is a function of their nancial wealth, of the mean of
their incomes of previous months and of a variable representing the target
wealth to income ratio.
Once his consumption propension is dened, each consumer decides randomly which goods to buy; each agent then spends his money, buying goods
from rms, following a probability distribution given by a logit model, which
is a standard approach.

The banking sector and the Central Bank
Banks have the assignment to channel funds received from deposits towards loans to rms; the loan is supplied according to the rm's default
probability: a bank can reject the loan if does not accept its risk-reward prole. Interest too depends on the risk-reward prole, but also on the interest
rate xed by the Central Bank. The model regulatory capital requirement is
inspired by Basel II accords and state that the capital ratio of banks, given
by the equity divided by the risk-weighted assets, has to be higher than
a given threshold, which represents the leverage level banks are allowed to
have.
The Central Bank, instead, provides a standing facility to provide liquidity in innite supply to commercial banks when they are in short supply
and sets the base interest rate.
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The Government
Finally, the Government is responsible of the scal and the welfare policy, collect taxes and delivers unemployment benets, households transfers
and the interest rates on the outstanding government debt, all payed on a
monthly basis.

3.2.2

The Atlas of economic complexity

Atlas is a work conceived by Hausmann and Hidalgo (2014) that aims at
linking the knowledge embodied in anything is produced and the concept of
Complexity, trying to explain the improvement of our social conditions as a
result of the immense growth of our collective knowledge, and of the ability
to handle, organize and recombine it, suggesting that Complexity lies in the
network of dierent bits of knowledge and instruments to link them: this is
clearly what makes this work so interesting and important as a theoretical
basis for a work trying to inspect Economics through the lens of Complexity.
This Atlas of Complexity, then, attempts to measure the amount of productive knowledge that each country holds: the most a country will be able
to produce knowledge in several elds and to organize it, the most its citizens
life conditions will improve.
Let us try to explain better this idea, using the own words of Hausmann
and Hidalgo:

One way of describing the economic world is to say that things
are made with machines, raw materials and labor. Another way
is to emphasize that products are made with knowledge.
sider toothpaste.

Is toothpaste just some paste in a tube?

Con[...]

The true value of a tube of toothpaste, is that it embeds knowledge about the chemicals that facilitate brushing, and that kill the
germs that cause bad breath, cavities and gum disease. [...] The
amount of knowledge embedded in a society, however, does not
depend mainly on how much knowledge each individual holds. It
depends, instead, on the diversity of knowledge across individuals
and on their ability to combine this knowledge, and make use of
it, through complex webs of interaction. [...] The problem is that
crucial parts of knowledge are tacit and therefore hard to embed
in people. Learning how to x dental problems, speak a foreign
language, or run a farm requires a costly and time-consuming effort.[...] Because it is hard to transfer, tacit knowledge is what
constrains the process of growth and development: ultimately, differences in prosperity are related to the amount of tacit knowledge
that societies hold.
These few lines clarify perfectly the concept of productive knowledge and
the importance of a well-organized society to express at best the embedded
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knowledge: in fact, most products require more knowledge than can be mastered by any individual. Hence, those products require that individuals with
dierent skills interact: people who own dierent capabilities, which need
to be joined to reach the complete production of an object, must be able
to interact and combine their knowledge to make products. If a ring of the
chain breaks, since it misses or because society does not own the means to
link the two parts, these products cannot be constructed in such society.
Economic complexity, therefore, is expressed in the composition of a country's productive output and reects the structures that emerge to hold and
combine knowledge.
A spontaneous question, at this point, is: how is it possible to measure
Economic Complexity? Two parameters in particular are taken in account
to evaluate it.

Figure 3.5: A map representing countries according to Economic Complexity
Index ECI

At rst, the ubiquity, namely the number of economies able to produce a
product. However, if only a few economies can produce something, the reason
can be both the complexity or the scarceness of natural resources necessary
to produce it.

A clarifying example is the comparison among petrol and

computers: few countries can export them, but for totally dierent reasons.
Therefore this tool, alone, is not sucient to inspect and dene the Complexity of an economy; we introduce then the concept of diversity, that is, the
variety of dierent products that an economy can produce; in general, if a
country can produce some ubiquitous goods, but shows diculty in produc-
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ing a diversied typology of products, then it is likely rarity explains the low
ubiquity. Diversity can, therefore, be used to correct the information carried
by ubiquity, and ubiquity can be used to correct the information carried by
diversity.
Mathematically, we can express it dening:

Diversity = kc,0 =

X

Mc,p

(3.2)

U biquity = kp,0 =

p
where

Mc,p

X

Mc,p ,

(3.3)

c

is a matrix with entries 1 if country c produces the product

p, 0 otherwise.
To generate a more accurate measure, we need to correct the information
that diversity and ubiquity carry by using each one to correct the other;
through a recursion, we obtain:

kc,N =

X
c

f 0k 0
M
c,c c ,N −2 ,

f 0 =
M
c,c

(3.4)

0

X Mc,p Mc0 ,p
p

kc,0 kp,0

(3.5)

for further explanations, see Hausmann and Hidalgo, p.24.
Eq. 3.4 is satised if

f 0,
M
c,c

kc,N −2 = kc,N .

This is the eigenvector of matrix

associated with the largest eigenvalue and is equal to a vector of ones,

so it is not informative.

~ ) associated with
Thus, we use the eigenvector(K

the second largest eigenvalue, which captures the largest amount of variance
in the system. We dene then the Economic Complexity Index (ECI) as:

ECI =

~ <K
~ >
K−
~
stdev(K)

(3.6)

Similarly, a Product Complexity Index (PCI) can be obtained:

P CI =
~ is
Q
f
forM

where
used

the Eigenvector of

~ <Q
~ >
Q−
,
~
stdev(Q)

f 0
M
p,p

(3.7)

(calculated with the same procedure

c,c0 ), associated with second largest eigenvalue.

Those two parameters inform respectively on the degree of complexity
of a country and of products. In g 3.5, it is shown a Map of the World,
colored according to ECI ranking.
These indexes seem to touch upon important and deep underlying features of an economy, since data show a strong correlation between GDP
per capita and Economic Complexity Index, as intuitively shown in g 3.6;

3.2.

ABMS, COMPLEXITY, ECONOMICS . . .

31

Figure 3.6: Relation between ECI and income per capita, after controlling
for each country's natural resource exports

another interesting information we can extract through the ECI is that countries with a tendency to grow faster than others tend to have an ECI greater
than what we could expect, given their level of income: it is estimated that
an increase of one standard deviation in Complexity is associated with a
subsequent acceleration of a country's long-term growth rate of 1.6 % per
year.

Figure 3.7: Contribution to the variance of economic growth from the ECI
and from the WGIs

In this sense, ECI can be considered as a driver to understand dierences among countries through their level of complexity; it can be compared
to othermore traditionalgrowth-rate indicators, such as the six Worldwide Governance Indicators (WGIs), that is, Voice and Accountability, Po-
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litical Stability and Lack of Violence, Government Eectiveness, Regulatory
Quality, Rule of Law, Control of Corruption: the results, depicted in g.
3.7, show how ECI is by far a signicantly more growth-relevant informative
instrument than the WGIs.

Figure 3.8: The product space

Finally, to complete the analysis on the complexity of a country's economy, Hidalgo and Hausmann proposed a solution of great aesthetically eect,
and also really interesting: they created a product space (see gure 3.8) containing all products invented and traded, where product compose a network
according to:

•

proximity : two products containing similar embedded knowledge tend
to be close together in the representation of the product space;

•

size : nodes have a size, proportional to international trade data about
the product they represent;

•

links : similar products, with high probability to be co-exported, are
linked together;

•

communities : communities represent a group of products extremely
similar among them, which represent then a dened sector of an economy (electronics, machinery, agriculture, textile, and so on);
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connectedness : a measure of how centrally located a community is in
the product space. The most a product is central, the highest its complexity index tends to be, since it requires a more diversied embedded knowledge. See in g. 3.8 the dierence, as an example, between
petroleum products and chemical ones.

It is fundamental to underline then how the ability of countries to diversify and to move into more complex products is crucially dependent on their
initial location in the product space.
We conclude reporting the example of some countries product spaces in
gures 3.9, 3.10, 3.11, 3.12:

Figure 3.9: Italy's product space
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Figure 3.10: Japan's product space

Figure 3.11: Mauritania's product space

Figure 3.12: Brazil's product space

Chapter 4
. . . And some elements of
traditional economy
To complete the introductive picture, the purpose of this chapter is to supply
a brief and synthetic explanation about some economic notions, useful to
understand the forthcoming chapters.

4.1 A brief history of Euro and Eurozone
The key to understanding why Europe had begun a pathso long and full
of issuestowards unication resides rstly in the history of the continent,
who lived the tragic events of World War II on its own skin more than
any other continent. For this reason the founding fathers of the European
project, mainly Alcide De Gasperi, Konrad Adenauer, Jean Monnet and
Robert Schumann, saw in this path an instrument to lead European countries
to cooperation and integration, as a warranty against the repeating of the
tragic events that hit so hard Europe.
This rst reason, at that moment so heart-felt, was however accompanied
by several economic motivations: the target was to make Europe stronger
than individual nations were in the world monetary system, as well as to
create a real European unied market and to avoid as much as possible the
volatility of exchange rates, which had caused so many problems to European
countries during the rsts years of XX Century.
The rst step towards the creation of the European Union has been the
Roma Treaty, in 1957, with which European Economic Community (EEC)
was instituted, composed by Belgium, Germany, France, Italy, Luxembourg
and Netherlands; after that, a series of intermediate steps occurred, the most
important of which have been the rsts enlargements in 1970s (depicted in
g.

4.1), the rst elections through universal surage in 1979 and above

all the Maastricht Treaty, which ocially instituted the birth of European
Union in 1993; later, entered into force the Treaty of Amsterdam in 1999 and
35
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Figure 4.1: The enlargement steps of EU

Lisbon Treaty in 2009, which modied EU statements, giving EU its actual
shape.

The Maastricht Treaty
Maastricht treaty has been a fundamental step for several reasons:

with

the target to create an Economic and Monetary Union (EMU), above all, it
envisaged the adoption of a single currency; four main reasons encouraged
this choice:

•

a single currency would have brought integration and cooperation among
countries;

•

to completely liberalize the capital ows in the Euro area;

•

to reach a higher degree of politic stability;

•

to create a system considering the needs of any country, more than
what happened in past;

Since a single currency removes the possibility to devalue, the treaty also
imposed to countries to converge to some macroeconomic conditions, with
the aim of avoiding too big divergences and disequilibria:
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I. the ination rate in the previous year could not be more than 1.5 percentage points higher than the average of the three best performing
(lowest ination) member states of the EU;
II. exchange rate should be stable for two consecutive years and each country should not have devalued its currency during the period;
III. the ratio of the annual government decit to GDP must not exceed 3%
at the end of the preceding scal year; public debt should not exceed
the 60% ratio to GDP, otherwise it must be approaching the reference
value at a satisfactory pace;
IV. long-term interest rates must not be more than 2 percentage points
higher than in the three lowest ination member states.

Figure 4.2: EU and Eurozone

Last but not least, with Maastricht Treaty the European Central Bank
(ECB) was instituted; with the 19 national banks of the euro area, it composes the Eurosystem, which conducts the monetary policy for the whole
Eurozone; with the 28 central banks of the EU, it constitutes the European
System of Central Banks (ESCB).
The primary objective of the European Central Bank, as stated in Article 2 of the Statute of the ECB, is to maintain price stability within the
Eurozone:

the target is a year-on-year increase in the Harmonised Index

of Consumer Prices (HICP) for the euro area of below 2%. Its basic tasks
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are to dene and implement the monetary policy for the Eurozone, to conduct foreign exchange operations, to take care of the foreign reserves of the
European System of Central Banks and operation of the nancial market
infrastructure. The ECB has, under Article 16 of its Statute, the exclusive
right to authorize the issuance of euro banknotes and to control the creation
of monetary basis.
With Maastricht Treaty the Europe has been shaped as we know it; as a
result of this long project, in 1st of January 2002, in the form of coins and
banknotes, in twelve countries the euro ocially came into circulation.

4.2 Europe: an optimum currency area?
While we can have few doubts about the pursuit of several political targets
through the introduction of a single currency, the pursuit of the economic
ones is less clear and it could become the real crossroads towards the prosecution direction of the European project; in fact, it is hard to dene whether
the Euro has implicated more advantages than disadvantages, and what will
be his weight on future developments; however, to understand this argument, it is fundamental to deepen the concept of Optimum Currency Area.
This theory has been introduced by Robert Mundell, Nobel prize for the
economics in 1999, and analyzes the costs and benets for dierent countries
which decide to adopt a single currency.
The main costs and benets are:

•

increase of the anti-inationists reputation for the countries belonging
to the union;

•

coordination of monetary policies (notice that in some cases, this could
become a cost)

•

increased role as a reserve currency, becoming a valid concurrent of the
dollar;

•

positive eects on commercial trades;

•

the absence of exchange rates implies intrinsically the removal of incertitude on changes variation and huge consequential simplications
(no expectations on exchange rates variations, as an example);

•

a reduction in product prices due to removal of conversion costs;

•

convergence of product prices of products having previously dierent
prices among dierent countries;

•

the mainheavycost is the sacrice of the exchange rate exibility;
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•

another cost is the renunciation to a national monetary policy (the
other side of the coin of the coordination of monetary policies);

At rst, to analyze whether an area is optimal or not, we have to evaluate
how each nation is economically integrated in it: even if it is not easy to
obtain a quantitative value about it, the higher is the integration degree
among a country and the area it is contained in, the most that country will
obtain benets through the unication. On the other hand, if countries show
marked economic and structural dierences, an economic shock could cause
signicantly dierent reactions in dierent countries.

In fact, if exchange

rates are xed, as in a single currency area, the stabilization is more dicult
to be reached:

if a shock hits a country but has no eects on the other

countries of the monetary union, there will be an asymmetry between the
single aected nation, which would require a monetary policy apt to contrast
the shock, and the rest of the area, where nothing happened. This is precisely
an asymmetric shock, and it is one of the most crucial issues for a monetary
union. Given the impossibility to resort to national monetary policies, the
equilibrium will be restored hardly and slowly.
As said, a high economic integration would reduce this cost; moreover,
another element must be considered.

In fact, a similar shock can be also

overcome if involved countries show a good integration of labor markets : a
way to restore equilibrium could be the workers mobility, which could lead
citizens to move from a region where the unemployment rate is higher to
others oering better employment conditions.
It follows that the most the countries are integrated among them, on
the goods but also on the labor market, the lowest is the cost consequent to
asymmetric shocks.
Others important elements to evaluate the goodness degree of a monetary
union are the similitude of the economic structure, the ability in transferring
resources from a region to another, to help, if needed, suering areas, or the
unication degree of banking policies.
A good question is to ask ourselves whether Europe represents or not an
optimum currency area: European countries are certainly becoming more
European in time and integration is growing; however, if compared to
United States nations, as an example, they result quite less integrated; but,
above all, Eurozone shows strong rigidities in labor market: the dierences
among language and culture discourage extra-national movements.

More-

over, Eurozone shows lacks also in capability to transfer resources from richer
to poorer regions and it is structured so as to deliver to national governments
too many decisional powers, weakening the Eurosystem possibility to supervise European nancial markets: a European scal authority does not exist,
making this instrument useless in avoiding asymmetric shocks.
We can conclude that Europe, right now, does not represent an optimal
currency area and even if is showing improvements in this direction, they are
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weaker than what it was expected. Therefore, the challenge Europe is called
to face is rst to make strides towards a better integration, above all in the
labor market, and to correct some structural issues that aect its possibility
to move towards an optimal currency area.

4.3 A Fed model for Europe

Figure 4.3: A proposal for the European subdivision

One of the biggest problems aecting Eurozone and Euro is the intrinsic
limitation to monetary policy that a unique money imposes; in fact, devaluation is no longer possible, since rates of change do not exist anymore, as
well as the implementation of dierent interest rates, since they are handled
by the ECB. In a monetary union, especially if countries show dierences
among them, national interests can diverge in the time and consequently
require dierent monetary policies: disequilibriums, thus, should be avoided
as much as possible, as the experiences of peripherical European countries
teach.
The ECB represents a trans-national institution, with governmental duties, even if it does not represent any government in particular; even more,
because of the negative consequences of imbalances, ECB should not be inuenced by individual countries targets. However, individual countries own
a huge power on this institution: at rst, the growth in the time of Eurozone comported governance and policymaking issues; thus, any government
tends to impose to ECB its own necessities, and, in general, to inuence its
decisions to pursue national policies.
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As an example, countries constantly showed reluctance to impose "haircuts" on the value of collateral used by member country private banks for
funding their lending activities; monetary policy, then, risks to become politicized.
To overcome these issues, Burda (2013) suggests an alternative to the actual functioning of ECB, proposing to create several districts, each governed
by a regional central bank. The model to follow is the one of the American
Federal Reserve Bank: the subdivision in regions does not take in account
the national boundaries; at the opposite, it tends to create over-national
regions.
Issues related to the balance of payments and competitiveness misalignments still exist, but with the advantage of being unbound by national pressures and a state bailout is excluded a priori ; an intentional redrawing of
ECB in transnational regions would have the big advantage of avoiding national politicized pressures. Figure 4.3 shows a hypothetical "intuitive" European subdivision at NUTS2 level; Burda proposes that a similar division
could be based on population, or on GDPor, why not, on both? We will
discuss it in chapter 8.
Smaller countries would benet from such subdivision, that would limit
the natural hegemony of larger and economically stronger countries; moreover, each regional bank could pursue monetary policies, particularly appropriated for that region; imbalances could be handled with more suitable
instruments; last but not least, a transnational subdivision could contribute,
as already suggested, to re-establish neutrality to policies, defending them
by national interests and inuences.
In general, then, a creation of several areas governed by a regional central bank could cause several benets to Europe, and could become a necessary step towards integration and a positive prosecution in the single money
project.

4.4 NUTS classication for European regions
The Nomenclature of Territorial Units for Statistics (NUTS) is a criteria
introduced to provide a single uniform breakdown of territorial units for the
production of regional statistics for the European Union.
NUTS is a three-level hierarchical classication: as shown in g. 4.4, each
Member State is subdivided into a number of macro-regions corresponding
to NUTS 1 level; therefore, each NUTS 1 area is divided, to create the NUTS
2 level; nally, an additional partition creates the NUTS 3 subdivision, the
most detailed one.
If possible, NUTS Regulation follows already existent subdivisions (Länder and Kreise in Germany, régions and départements in France, comunidades autonomas and provincias in Spain, regioni and province in Italy,
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Figure 4.4: NUTS 1, 2 and 3 levels representation

Table 4.1: minimum and maximum population size thresholds
Level

Minimum

Maximum

NUTS 1

3 milions

7 milions

NUTS 2

800 000

3 milions

NUTS 3

150 000

800 000

4.5.
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and so on); moreover, a population-based criteria is used, as depicted in
table 4.1:

Figure 4.5: NUTS 1, 2 and 3 levels representation

Each region has a code, corresponding univocally to it, and following
the same scheme: as an example, Italy (NUTS 0) has the code IT; Northwest (NUTS 1) is dened by ITC; Piemonte (NUTS 2) has the code ITC1;
Provincia di Torino (NUTS3) is dened by ITC11.

Similar structures are

used for each nation.
The adopted subdivision refers to NUTS 2010, that is, the nomenclature
applicable from 1 January 2012 and which subdivides the economic territory
of the European Union into 97 regions at NUTS 1 level, 270 regions at NUTS
2 level and 1 294 regions at NUTS 3 level.
Figure 4.5 shows clearly this subdivision for EU regions.

4.5 National Accounts
Finally, we supply here some basics notions of national accounting, which
will result useful later.
At rst, let us consider the GDP, the main instrument to evaluate the

production (Y) of a nation: it can be dened as the sum of the value added in
the economy in a period of time, that is, the value of the production, less the
value of intermediate goods (those goods used to produce another good the

nal good). An important equivalence is valid: GDP can also be considered
as the sum of the earnings received by any component of the considered
economy. This results since, through huge simplications, any money spent
is part of a received income. For this reason, the sum of national income and
the sum of the national product can be considered equivalent.
A third way to consider the GDP is to evaluate it as the sum of expenditures, or purchases, by nal users. This is known as the expenditures
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approach and is used to identify the nal goods and services purchased by
persons, businesses, governments, and foreigners. This approach is the most
convenient for our purposes since it allows us to dissect the GDP and analyzing the voices it is composed by; the most common subdivision shares the
GDP in:

Consumption (C)

it represents the private purchases. It is normally the

biggest component;

Investments (I)

it can be interpreted as the quote of GDP addressed to

buy capital goods, that is, goods that rms use to produce their own
goods, as well as the purchase of habitations; notice that stocks are
considered as investments;

Public Spending (G)

goods and services purchased by the Government;

Import (IM) and Export (EX)

purchase of foreign goods and national

goods purchased by foreign consumers.

Y = C + I + G + EX − IM
Another important measure Gross value added (GVA), which is the measure of the value of goods and services produced in an area, industry or sector
of an economy. It is linked to Gross Domestic Product, as both are measures
of output. The relationship is dened as:
GVA + taxes on products - subsidies on products = GDP
GVA is introduced here because the output will be evaluated mainly
through GVA. However, GDP and GVA are very similar measurements, and
for our purposes they can be considered as equivalent.
Now we possess all the necessary tools to proceed to the discussion of the
model, presented in the next chapter.

Chapter 5
NetLogo and the model setup

A

ccording to the conclusions we arrived at, agent-based models are a useful instrument to analyze, through an innovative perspective, macroe-

conomic issues; therefore, the main purpose of the thesis is to study through
ABMs the Euro and the eects of its adoption on European economies,
mainly analyzing the existing economic disequilibriums and the consequent
internal tensions and divergences that aect European countries.
This analysis represents the real core of the work: the goal is to inspect
the problem creating a model that embeds these imbalances and shows them
graphically on a map depicting Europe and European countries, where agents
(representing real consumers, governments and Central Banks) symbolize
real elements and own real economic information, as the regional population, the regional GDP, the government spending, the consumption propension, the income distribution (generated using regional Gini indexes and the
Weibull distribution: see chapter 7), and so on.
A K-Means algorithm (explained in chapter 8) is nally used to group in
classes regions with a similar economic situation, with the intent to generate a
regional European subdivision, following the idea proposed by Burda (2013)
and explained in section 4.3, but based on a precise algorithm and not using
an intuitive approach; notice that dierent subdivisions can be created
using dierent economic variables and also mixing them.
This method can be applied also to agents, to create trans-national people classes, representing real categories of European citizens that could respond to similar economic policies in a dierent way, as an example showing
dierent responses in consumption propension following an economic shock
aecting the total (European) or partial (regional) production.

5.1 NetLogo
We use NetLogo to implement these features; it is an agent based-model programming language for simulating natural and social phenomena authored
45
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Figure 5.1: The NetLogo interface

by Uri Wilensky in 1999, is particularly well suited for modeling complex
systems developing over time and for analyzing emergent phenomena.

It

allows to generate agents and lets them interact in a graphic world, that is,
a two-dimensional space in which agents move. The world is represented in
the interface: as shown in g.

5.1, there are several commands (buttons,

sliders, switchers, . . . ) that the programmer can handle to order agents to
do the required operations he is interested in and a black screen where will
compare the NetLogo world.
There are three principal kinds of interacting elements: turtles and patches,
which are agents, and links. Each one of them can be created with characterizing features and variables.

•

turtles are moving agents, which can interact with any other agent
(links, patches, and turtles); they are called turtles since NetLogo was
inspired by Logo, his programming ancestor: Logo contained an agent
moving in an environment, following simple instructions, which was
called precisely turtle ; therefore, this name has been adopted also in
NetLogo.

Turtles can move and interact following the received in-

structions, they can also own user-dened properties and real data of
the real elements they are representing. Moreover, agents can belong
to dierent breeds, that is, agents can be subdivided in classes with
peculiar features;
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patches are the pixels of a grid composing the world, that is, space
where turtles act in; they are static agents, but as turtles they can own
information and interact with other agents;

•

links are elements that connect turtles, allowing to analyze the system
as a network;

Another fundamental feature of Netlogo is the possibility to interact with
the model through the interface: in fact, it gives the possibility to an external

observer, which runs the code, of interacting with it, changing the value of
some parameters in a range, switching on/o given variables, activating or
deactivating some procedures, asking to the interface to report the value of
variables of agents we are interested in, and so on; g 5.1 represents the
interface of the model with all the variable parameters.

5.2 NetLogo extensions: GIS
One of the most interesting peculiarities of Netlogo is the possibility of adding
extensions, which allow to integrate its features and to do more complex
operations; since one of the main goals is to show European disequilibriums,
the rst idea has been to try to improve the graphic interface of Netlogo,
associating a map of the Europe to the patches.
In particular, one of these extensions ts perfectly our aims: it is the GIS
extension. In fact, the acronym GIS means Geographic Information System,
and in the computer language it species a system designed to capture, store,
manipulate, analyze, manage and present all types of spatial or geographical data. A GIS software allows to combine geographical maps, to execute
statistical analysis on data and manage them through a database.

In our

simulation, then, Netlogo has been used as an agent-based model, but with
the important properties of a GIS software: the GIS extension, in fact, gives
us the possibility to associate a map of Europe to the patches composing the
Netlogo graphic interface.
At rst, an European map has been implemented loading a dataset containing information on the elevation of European soil and associating these
data to each patch, in order to divide the land over (gray color) and under
(blue color) the sea level; then we used other datasets containing national
administrative boundaries and for each country we painted the intersection
between its dataset and the elevation map with a dierent color. Another
important step has been the addition of a system of geographical coordinates, loaded through a projection le, which made possible to intersect correctly the used datasets: the system adopted here was the WGS-84 (World
Geodetic System 1984).

With this procedure we obtained a map (see g.

5.2) showing six countries, considered the most signicant ones for the actual economicaland politicalEuropean situation: Italy, France, Spain,
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Greece, United Kingdom.

Figure 5.2: The rst graphic representation of European countries

However, even if geographic informations were associated to patches as

own features and not simply drawn, this approach presented several limitations: not all the countries were represented, administrative boundaries
were national and no further subdivision was possible; above all, datasets
contained geographic information on altitude, to divide emerged and submerged territories, but did not contain economic information.
The choice to proceed in this way was dictated primarily by the type
of data found.

In retrospect, it is likely that the research was inuenced

by the idea that it was fundamental to use an ESRI ASCII le containing
geographic elevation data.
Let us clarify this concept.

As said, NetLogo GIS extension provides

the ability to upload geographical data; it is possible to use mainly two
approaches:

•

les containing data grids: in this case, the formatless common
is of type ESRI Grid ASCII le (whose extension is .asc); the le is
composed of a few initial lines in which are specied essential data, such
as the size of the cells composing the grid, the number of columns, and
the number of rows; thus, it reports the information data, consisting
in a list of numeric values corresponding to a grid. The rst attempt
we discussed above used this approach;
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les containing vector data (points, lines, polygons); they are mainly in
ESRI shapele format. This term refers to a le .shp, in which each
geographic element is represented precisely by points (e.g. cities), lines
(e.g. rivers), or polygons (e.g. lakes, boundaries of states, and so on):
thus it contains all the geometrical information; several attributes, that
is, properties and data, can then be associated to each element: it is
possible through the creation of a .dbf  le, namely a sort of database
from which geometrical elements can extract data associated to them;
it can contain economic information. Finally, generally is present also
a le with the extension .shx, containing the index geometry.

Having established that an ESRI ASCII le was not tted for our purposes, the dataset research moved towards an ESRI shapele; the target
was to nd a le where elements of the geographic data were European
regions, but above all such that it already contained socio-economic information through a .dbf le. In particular, we looked for a NUTS 2 division,
since NUTS 3 was too detailed and could cause issues in the graphic representation, while NUTS 1 was too approximated.
Since no dataset containing both geographical and economic information
was disposable, the decision has been to use a shapele and to create from
scratch an attributes dataset to associate to through a .dbf le.

Figure 5.3: A representation of the shapele, composed by regional boundaries at NUTS 2 level

Two shapeles have been examined in greater detail: one provided by
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Weastows, namely an Interreg IVB North West Europe (NWE) project
funded by the European Regional Development Fund (ERDF) that aims to
encourage a shift towards greener freight transport in the NWE region, and
another provided by Eurostat, the ocial European database containing detailed statistics on the EU and candidate countries. The second has however
been rejected since it contained, as geographic elements, all the NUTS subdivisions, creating confusion in the .dbf le association. Fig. 5.3 shows the
selected shapele, where each region is depicted through a polygon : it is composed by Eurozone countries (Austria, Belgium, Cyprus, Estonia, Finland,
France, Germany, Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Portugal, Slovakia, Slovenia, Spain) and EU countries
(Bulgaria, Croatia, Czech Republic, Denmark, Hungary, Poland, Romania,
Sweden, United Kingdom), but it contains also some potential EU-Eurozone
members, that is, Turkey, Norway, Switzerland, Macedonia.
A nal clarication concerns the NetLogo world: the shapele contains
also Liechtenstein and Iceland. The rst is not represented in patches since
it is too little to be depicted (for the same reason, also the region of Bruxelles was not depicted, but it had been added manually since its presence
was fundamental to construct correctly the model); instead, I have decided
to not depict Iceland for graphic reasons:

adding Iceland would compro-

mise a clear representation of the other countries, since it would force to
use a dierent geographic scale.

For the same reason, some regions have

not been represented: FR91, FR92, FR93, FR94 (colonial French regions),
PT20, PT30 (Portuguese islands in Atlantic Ocean), ES63, ES64 (very small
Spanish cities situated in Morocco), ES70 (Canarian islands). These are all
regions far from the central body of Europe; they are all small regions, so
their weight can be considered irrelevant to the purpose of the work, and
they can be not represented.
For the socio-economic dataset, we created a .dbf le; as explained in
appendix A, the source of these data is mainly Eurostat database. Moreover,
the chosen shapele shows the great advantage to be easilly connectable to
these Eurostat data, making this step easier to be implemented. However,
some small adjustment has been necessary (see appendix A).
The result is that each region can extract from the .dbf le a huge amount
of information; in particular, its NUTS code, region name, country, EU/nonEU country, Euro/non-Euro country, regional area, population, GDP per
capita, GVA per sector (agriculture, industry, services, transports), productivity per sector, employed and unemployed (divided per age range: 15-24
and 25-64), employed per sector (agriculture, industry, services, public administration, transports), active population, consumption propension, consumption per sector, government spending, investments, public debt, ination rate, Gini index.
We have obtained the nal dataset, composed by geographical information provided by the Weastows shapele, shown in g. 5.3, and economic

5.2.

51

NETLOGO EXTENSIONS: GIS

Figure 5.4:

a representation of GIS potentialities:

population at regional

level, as a patch variable

data provided by the Eurostat database through a .dbf le (see g. 5.4).
Once the data are loaded, it is necessary to adapt them to NetLogo world.
If more than one dataset is used, it is essential to associate a projection le
(.prj extension): it is a le that gives the topology information with which
it intends to map the territory, in such a way that the various datasets are
represented in a uniform manner and using the same geographic projection.
The second step is to adjust the size of the dataset used to generate the
Netlogo world: this operation establishes what is the appropriate scale to
transform GIS data in the NetLogo world.
Notice that NetLogo not only allows to plot an image, but can also

transfer the information as a property of patches: any region is dened by
a polygon, with a list of attributes associated to; each polygon contains
some patches: NetLogo GIS extension has a function that, for any polygon,
transfers all attribute values to patches contained by that region as an own
parameter. If a patch intersects more than one region, the program is structured so as to compute the predominant one. If a patch is not contained by
any polygon, the variable will have value NaN (not a number).
This made possible to design countries using dierent colors whether
they belong or not to Eurozone; moreover, it allowed to associate to each
region a symbolic number, to create the European trans-national subdivision
proposed by Burda (see 4.3), and consequently recolor patches so as to return
a map, with the advantage that, being a patch property, it is computable and
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modiable using computational procedures (the result is shown in g. 5.5).

Figure 5.5: Burda's subdivision proposal as a patch variable and nal patches
setup

Fig.

5.5 shows also the nal result of the model spatial setup, where

patches corresponding to Eurozone countries are depicted using the white
color while for other countries is used the gray one; a representation of regional boundaries is added, to make more intuitive the subdivision.

This

has been done since the program will work creating agents only in those
countries selected using white color: the reason is that the work purpose is
to inspect mainly Eurozone countries; moreover, adding the others EU nations would imply the implementation of rates of change, the introduction
of new variables for foreign currencies, and so on (but it could become an
interesting further research based on this worksee 9). Furthermore, Eurostat supplies detailed information especially on Eurozone countries (even
if with some shortcomings); EU countries datasets, compared to Eurozone
ones, show bigger lacks.
A nal clarication must be done. As shown in g 5.1, the model presents
another interesting feature: a procedure allows the observer to modify the
spatial setup, oering the possibility to select a country and to include it
in the white colored patches, simulating the entry of new countries in the
Eurozone; equally, it is possible to remove a country.
Fig.

5.6 shows two dierent examples.

This procedure can be useful

to analyze, e.g., how other nations would react to a similar shock.

It can

lead also to comparisons among simulations with and without a country, to
analyze the eect of its entry or exit in the Eurozone for the same country.
However, this operation is not always feasible, since some countriesnonEU in particularown incomplete data: before to execute this operation it
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Figure 5.6: Grexit and  Brit-On, showed together, and an application
example other countries (here, Sweden)

is preferable to control the dataset (see appendix A).

5.3 The agent setup
Once the graphic setup has been completed, it is possible to create turtles.
This operation must be done after the spatial setup, since agents are generated by each patch, so as to contain the information associated to each
NUTS 2 region.
As already mentioned, turtles can own individual and peculiar properties;
in particular, NetLogo supplies the possibility to generate dierent classes
of turtlesin NetLogo called breeds : each breed represents then a particular
typology of moving agent, with peculiar features, that can variate compared
to others breeds for several properties, but also sharing each feature that is
expressed as a turtle variable. As an example, in a model two dierent breeds
can represent a class of predator animals and a class of preys but both is
animalssome common variable can be expressed as a turtle variable; they
could represent also citizens, policemen and thieves, expressed as dierent
breeds with dierent properties. Many other examples can be done.
In our model, three breeds are created: Governments, consumers and

Central Banks. Every class fullls peculiar assignments and tries to represent
in a realistic way real elements they symbolize in the model.
More in detail:
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Governments
Governments are static agents, representing the seat of government of each
region. The program is structured so as to have at least and no more than
one agent of this typology for each region; therefore, the number of governments equals to the number of regions and it is used as a check to assess the
correct running of the code. They act as collectors of regional data: each
government contains information about the regional number of citizens, the
regional GVA per each sector, as well as the regional consumption, the regional government spending and the regional investments, as well as data on
regional employment and unemployment; moreover, each government contains data about the incomes distribution of a country (through the Gini
index).
Among them, for each country, a Capital is created:

the government

agent situated in the NUTS region that in the reality contains the capital
is selected and its parameters (color and shape) are modied, so as to be
identied easily.

As for governments, the number of capitals must corre-

spond to the number of nations.

Capitals are not a real breed since they

are government agents, but because of the use of a dierent color and shape,
they can be regrouped and handled as a dierent breed, if needed, or as
a normal government, according to the dierent situations. In addition to
information that all governments contain, capitals also own national data,
as the population, the total national production (GVA), the total national
consumption, employment, and so on.

Figure 5.7: The governments and capitals setup
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Consumers
Consumers represent European citizens.

They are generated by patches,

so as to embed directly from them the required data; as an example, they
receive the nationality of the nation where they are born, as well as the
code of the region they belong to. All the inserted information respects the
real proportions: the code is structured so as to create a number of agents
in scale 1:

10000.

The real population of Eurozone is about 330 millions of

inhabitants, so the model will contain in mean

33000

consumers.

Consumers are heterogeneous: they are subdivided into classes with peculiarities and own features. At rst, our choice has been to use Eurostat
data on employment to divide the population into several sets and subsets:
consumers out of working age and potential workers agents; the second class
has been further divided in employed, unemployed and inactive labor force.
Employed have been again separated in young (age 15-24) and non-young
(more than 25 years old).

Finally, another distinction instrument is the

working sector: employed can be farmers, manufacturing workers, services
employed and transport workers.
Let us deepen this concept: Eurostat dataset does not provide directly
data subdivided into sectors we are interested in since they are supplied in
a more detailed form.

Eurostat uses a metadata server named RAMON,

that is, Reference And Management Of Nomenclatures, with the function
to explain the largest possible stock of past and present metadata in order
to help users in the analysis of statistical data.

Here Eurostat provides a

clear explanation of the used classication: it is the Statistical Classication of Economic Activities in the European Community, commonly referred
to as NACE (for the French term Nomenclature statistique des Activités
économiques dans la Communauté Européenne), that is, the industry standard classication system used in the European Union. The actual NACE
division used is the NACE Rev. 2, a revised classication, adopted at the
end of 2006.

It is composed by several levels, at each step more detailed;

we will use the rst one, which is the most simple, composed by 21 sections
identied by alphabetical letters A to U. Tab. 5.1 shows them.
Agriculture corresponds to the item marked by the A letter.

Industry

regroups elements from B to F; services are elements from G to U. Notice
that services contain transports (regrouped in Eurostat dataset in a single
class summing elements from G to I) and public administration (regrouped
in Eurostat dataset in a single class summing elements from O to Q).
Consumers cannot belong at the same time to two dierent classes: an
employed worker can not be unemployed, obviously, but the code is also
structured so as to avoid that an employed could be both working in dierent
sectors. To assess that the program works correctly, a procedure evaluates
the sum of agents as the sum of employed in dierent sectors and as the
sum of employed by age. Fig. 5.8 shows an example of these checks for a
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Table 5.1: NACE classication
Letter

Sector

A

Agriculture, Fishing, Forestry

B

Mining, Quarrying

C

Manufacturing

D

Electricity, Gad, Steam, Air Conditioning

E

Water Supply, Sewerage, Waste Management

F

Construction

G

Wholesale and Retail Trade, Vehicles Repair

H

Transportation and Storage

I
J
K
L
M

Accomodation and Food Service Activities
Information and Communication
Financial and Insurance Activities
Real Estate Activities
Professional, Scientic and Technical Activities

N

Administrative and Support Service Activities

O

Public Administration and Defence; Compulsory social security

P

Education

Q

Human Health and Social Work Activities

R

Arts, Entertainment and Recreation

S

Other Service Activities

T

Activities of Households for Own Use

U

Activities of Extraterritorial Organisations and Bodies

Figure 5.8: Agents check procedure
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simulation.
To give a graphic intuitive idea of the regional dierences in the value of
GVA we use dierent scaling colors. It is possible to choose three dierent
instruments to depict them: the mean regional value of GVA, the individual
mean value of GVA and the median value of GVA (that is, the value that
divides the population into two halves, having greater or smaller value of
median GVA value). Consumers with disposable income above the chosen
parameter are represented with green color; red is used for citizens above the
median.

Figure 5.9: Dierent ways to represent agents: median, individual mean,
regional mean GVA value

In each case, the most the consumers incomes are far from the mean
value, the most their color will be darkand vice-versa, it will be lighter
if approaching to mean value. To have a check, a function sets the agents
size up to 20 times the normal one and colors black agents with a negative
disposable income. If the program works well, it should never happen.
In the program, we implement also others assessment procedures, e.g. to
check the regional agents number, the national agents number, and so on.
The most important consumers features, however, are:

consumption propension:

each consumer has a consumption propension

value, that denes its propension whether to buy or not goods; it is
based on a regional consumption propension value, that is, a value on
the percentage of money spent and saved in mean by real consumers of
any region and in which sector (agriculture, industry, services). Each
agent then receives a value that varies following a gaussian distribution,
with mean the regional value of consumption propension and standard
deviation equal to 5: the consumption value is a number among 0 and
100 and expresses a percentage; thus, as expected by the

2σ

law, the

95% of consumers will obtain a consumption value included in the range

58

CHAPTER 5.

±10.

NETLOGO AND THE MODEL SETUP

This choice can be justied considering the homoscedasticity of

the set of data examined, that is, all random variables in the sequence
have the same nite variance. Appendix B contains important details
on this variable and on how it has been obtained as a regional data.

disposable income:

each consumer possesses an income, generated through

a Weibull distribution using as a mean value the mean GVA of the region he belongs to (this procedure is explained in more detail in chapter
7). Notice that we used the Gross Value Added to evaluate incomes:
this is possible since total incomes and total GVA are equivalent in national accounting. Moreover, the mean GVA used is the sum of three
components, that is, agriculture GVA, Industry GVA, services GVA;

productivity:

agents, if employed, work and produce; any consumer has

a productivity variable for each production sector, but it is set to 0.
Only workers have a productivity value greater than zero and only in
the sector they work in.

Productivity is equal for all the employed

of a region working in the same sector. It is used by governments to
aggregate data on production side;

investments:

the regional investment is divided per capita, so as to have

the data expressed as individual like it has been done for all the other
variables;

government consumption:

similarly to investments, also government con-

sumption is expressed as a per capita information.

The role of gov-

ernments, as said, is to recollect these data in regional and national
form.
Furthermore, turtles can move; since it is an important thematic in the
optimum currency area theory, the model considers also the possibility that
agents can migrate from a region to another; the underlying idea is that if
a consumer cannot nd a work in the region where he lives, he could try
to leave his region to nd a job elsewhere. In my work, unemployed agents
could move following a probability parameter; another variable is used to
decide the destination: with higher probability a region of the same country,
with smaller probability a foreign nation.

Parameters, however, here are

chosen arbitrarily; an interesting improvement would be to use real data, to
simulate with higher precisions these dynamics. Further, a neural network
could be implemented, to teach to agents where it is convenient to go (e.g.,
regions with higher GDP, lower unemployment rate, . . . ).

Central Banks
Central Banks have a similar function of governments:

in fact, they are

containers of data but, in this case, they own data obtained through an
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analysis of macroeconomic outcomes. The idea is that while governments
collect information from the citizens, the banks analyze them:

therefore,

they contain information on existing disequilibriums in each sector, as well
as national ination rate, public debt, imports, and exports.
On the second hand, once Burda division has been revisited and implemented, it is possible to create trans-national central banks, one for each
region, with similar features of national ones, but, precisely, containing information about the region they control; this will be deepened later, in chapter
8. In g. 5.10 is shown the complete agents' setup.

Figure 5.10: The agents nal setup
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Chapter 6
Firsts results: a comparison
with real data
The previous chapter explained the program we used to create the model and
its main properties; we discussed the model setup and how agents have been
generated, with which properties and for which purposes. In this chapter,
we will inspect how the model works and we will discuss the rsts results
through a comparison with real data.

6.1 Governments, Central Banks, and balances
Once the setup is concluded, NetLogo contains consumers, governments, and
national Central Banks; patches and consumers own all the data associated
through the .dbf le.
Notice that a rst result obtained is precisely the economic dataset, that
is, the .dbf le. In fact, one of the rst encountered problems was the lack
of datasets ready to use: most of the work, at rst, regarded precisely the
implementation of GIS and economically integrated datasets. However, to
create the economic dataset, in some cases we needed to infer somerational
and acceptableconjectures to deduce data, e.g. the regional productivity
per sector, the regional consumption propension and the regional government
spending. All these examplesand how they have been extractedare explained in appendix A and B.
This is a rst value added of the work since it supplies acceptable data
that are absent in the ocial statistics.
Once the setup is completed, the rst procedure we use is a function
that activates government agents: they start to inspect consumers and to
analyze the information, collecting data relating to agents belonging to the
same region.
The total regional production per each sector is evaluated summing the
workers individual productivity value and then it is proportioned on the real
61
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population data. In a similar way, we evaluate the total consumption per
each sector. The sum of each sector gives respectively the total regional production and the total regional consumption. This step requires necessarily
that each region contains at least one worker per sector: initially the model
was projected to contain in mean

10000

agents, but often regions had an

insucient number of workers (above all, this issue appeared in the agricultural sector); to overcome the problem, the number of agents has been raised
up so as to scale the reality 1 :

33000

10000,

thus containing approximately about

agents in mean. Moreover, a procedure checks that any region had at

least one worker per sector: if it is not present, a worker is picked and its
employment sector is changed, or a new one is created.
All the data are shown in an output monitor, which returns balances at
the regional and national level, as shown in gs. 6.1 and 6.3. Fig. 6.1 shows
regional balances:

three voices compose the production side (agriculture,

industry, services), three the consumption side; nally, we compute each
sector imbalance, as the dierence of production and consumption.

The

picture shows four regions representing dierent European situations:

Figure 6.1: Regional balances: Paris (FR), Andalucia (ES), Stuttgart (DE),
Limburg (BE)

•

Paris is an illustrative example of the big cities economies; in fact, it
shows a huge imbalance in the agricultural sector: the production is
very low, while the consumption is higher than the mean, because of
the high population density. Others cities show a similar behavior, even
if less pronounced than in Paris; Madrid, Berlin, and so on. Moreover,
it shows also another constant feature of the European economy: in
general, in the majority of the considered countries, capital regions are
generally those with the highest service goods production, compared to
other regions of the same country, and often show an imbalance above
the national mean;

•

Andalucia region shows the opposite behavior of Paris: the Spanish
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region has the highest European agriculture goods production and its
balance is strongly positive while industrial and services goods balances
are negative;

•

Stuttgart region is representative of the industrial core of the Europe,
mainly composed by North of Italy and the Central-Southern Germany.
It is the region with the highest production in industry;

•

Limburg is an unlucky region: all balance voices are negatives. Thus,
this region is strongly importing from other regions or countries.

Figure 6.2: Import-Export trade of Lazio region: Bank of Italy and model
comparison

To assess the validity of the results, we can make a comparison with some
real data:

as an example, in gure 6.2 we show the comparison between

import-export data supplied by Bank of Italy about the region of Lazio and
the results obtained through the model. As we can see, the import-export
trade is negative and equals 8.5 billions of Euro; in the model this value
can be calculated as the dierence between the industry production and the
industry consumption added to regional investments; for Lazio, the model
provides a negative balance of 21 billions of Euro.

We can make similar

comparisons with other regions; as an example, Sicily trade balance is a
negative 7.7 billion balance, while in our model the result is -13.5 billions
of Euros; data of Piemonte show a positive amount of 14 billions of Euros,
while the model result shows a trade balance close to zero, slightly negative;
for Lombardia, the model provides a trade balance value of 10 billions of Euros, while the Bank of Italy estimations supply a negative trade balance of 3
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billions of Euros. These data show how the trend is generally respected, but
with some imprecisions; it is due to the lack of data about consumption differences, of nature both regional and sectorial: in fact, the Eurostat dataset
supplies detailed information on the production side, while several shortcomings aect the consumption side. A considerable improvement would be to
look for more detailed data, to obtain a more precise overview of European
disequilibriums.

Figure 6.3: National balances: Germany, Greece, Italy, Ireland, Latvia, Portugal

Once agents representing governments have picked up regional data,
those who symbolize the national Central Banks collect data at national
level; as for the NUTS2 regions, the model is structured so as to provide information about disequilibriums in each sector: furthermore, for each nation
we specify the national production, the national consumption, and the trade
balance. Fig. 6.3 shows the results for some countries: Germany, Italy and
Ireland with a positive balance, Greece, Latvia and Portugal with negative
balance. Some dierences aect the dierent countries: as an example, industrial sector is strongly positive for Germany, contrary to the Italian one,
which is marked by Southern Italy negative trends; as a result, Italian trade
balance is positive but next to zero, while Germany is a country with a huge
amount of exportations (similarly, also Ireland is an exporter country); all
the countries tend, in general, to have negative unbalances in the agriculture
sector.
Some countries have instead a negative balance, that is, they consume
more than what they produce. Latvia, Portugal and Greece have a similar
behavior, since both are countries with issues in industrial sector; however,
while Portugal has similar unbalances in each sector, resulting an heavily
importer country, Latvia suers particularly in this sector; in fact, in others
sectors it results exporter, but disequilibriums in industry count for a bigger
order of magnitude, making Latvia an importer country.
It is possible to check the validity through a comparison with real data
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Figure 6.4: Atlas trends in import-export for Italy, Germany and Greece

also for these values; in this case, we used the Atlas of Economic Complexity
(introduced in chapter 3), which is an extremely reliable source about international trade data.

Fig.

6.4 shows three time series, from 2007 to 2013,

representing the variation of import and export ows for Italy, Germany
and Greece. As we can see, comparing our data and those of Atlas, we can
assume that the model approximates correctly these data: referring to the
year of 2012, we can see how each country respects the real trend; furthermore, the values are almost equivalent, excepted for Greece which is slightly
underestimated. We illustrated how the model analyzes the disequilibriums
among countries and regions, reaching a rst result: the model can be an
instrument to inspect these dierences and to compare them.

6.2 GIS extension: a graphic computable representation
Furthermore, the model provides also a powerful instrument, that is, the
GIS extension for NetLogo. This allows us to use the GIS features and to
integrate them with the results we arrived at, to obtain a graphic depiction of
disequilibriums: the peculiarity of this approach is that it gives an intuitive
vision of European imbalances; above all, these data are computable.
Let us deepen this concept through a comparison: every year Eurostat
publishes the Eurostat Regional Yearbook, which provides an overview of
ocial, regional statistics that are available within Europe.
It is a helpful tool to understand the existing regional diversities; it also
shows that considering national gures alone does not reveal the full picture
of what is happening in the European Union; indeed, it shows that there
are often signicant dierences between regions of the same country when
one looks at smaller geographical areas.

Regional statistics are based on

NUTS classication, thus according perfectly to our approach. The Regional
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Figure 6.5: Comparison between Regional Yearbook GDP and the model
GVA distribution

Figure 6.6: Comparison between Regional Yearbook and the model on the
share of agriculture as % of total value added
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Yearbook inspects several thematics, as population, health, education, labor
market, economy, and others; some of them can also be compared with the
results obtained through the model analyzed here, as shown in gs.

6.5

and 6.6. However, the Regional Yearbook does not provide statistics about
disequilibriums in production and consumption. Moreover, data are just a
graphic representation; the model we present here instead, being computable,
supplies the advantage that observer and agents can interact with the graphic
representations.
It is possible to show several dierent unbalances. Disequilibriums are
divided into four sections: agriculture, industry, services and total disequilibriums; each representation can be shown as an absolute value or as a
percentage of a total; the observer can also choose a threshold to scale colors: that is, zero or the medium disequilibrium. In total, it is possible to
depict 48 dierent representations of European balances.

I represent here

some of them in a comparative way, to analyze and show the main emerging
properties.
For the next images we will use the following structure.
If we are representing a disequilibrium, two colors are used: regions are
depicted red if their value is below a threshold, green if the value is above
it. The threshold can be the zero value or the mean value of the considered
disequilibrium; the most a country value is far from the mean value, the
most it will be depicted using a dark color.

In the following examples we

used always the zero value, to make more comprehensible the comparisons.
Some others gures represent instead values ranging from zero to a maximum value, e.g. the absolute value of production or consumption; in this
case we use a unique color, scaling from lighter to darker tonalities as the
variable value grows.

Total disequilibriums
At rst, let us start introducing g.

6.7, which shows the total European

positive and negative balances as a percentage of the total production, at
national and regional level.

It is evident that the rst depiction is poorer

and, above all, erases extremely important dierences; each nation shows
regional disparities that cannot be neglected.
As an example, almost all the French regions have negative imbalances,
excepted for the NUTS region containing Paris; another example, even more
enlightening, is the Italian one: at a national level, Italy is a country with
a trade balance approaching to zero, but analyzing deeply the data we observe that two dierent realities coexist, with a North and a South showing
economical structures extremely dierent.
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Figure 6.7: national and regional total imbalances in percentage

Figure 6.8: Agriculture imbalance in percentage (GVA)
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Agriculture
Fig. 6.8 depicts the agriculture balances in European regions expressed as
a dierence between production and consumption, and proportionated on
regional agriculture GVA.
A rst emerging data is that several spatially little regions have a deep
red color.

It means that they correspond to big cities, where population

density is high: as an example, the areas of Paris, Madrid, Wien, Berlin,
Luxembourg, and many others cities are clearly recognizable.
In contrast to those regions, it is possible to identify also those areas
where agriculture represent an important component, as South of Spain,
South of Italy, Greece and several French regions.

Figure 6.6 shows the

comparison between the representation of the balance in Eurostat Regional
Yearbook and in the model.

Figure 6.9: Agriculture production in absolute value and agriculture consumption in percentage

Figure 6.9 shows, on the left side, the agriculture production in absolute
value, where light colored regions have small production than darker ones.
It is evident that Andalucia region, in the South of Spain, has a production
higher than any other European NUTS region; also Sicilia and other Italian
regions produce a considerable amount of agricultural goods, as well as several French regions; on the right, we can see who benets of this production:
in brown color we represent the ratio of consumption of agriculture goods
and the regional population.

The highest values belong to richer regions

(compare this picture with g 6.5), as Paris or Lombardia, as well as the
whole Finland. Who produces these goods is not who consumes them.
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Figure 6.10: Comparison between industry balances, expressed in absolute
value and in percentage of GVA

Industry
Fig. 6.10 represents a comparison among Industry balances as an absolute
value and as a percentage. A rst information appears clearly: some regions,
namely Lombardia, Cataluña but above all Stuttgart, are the core of the
European industrial production.
Moreover, we can see that Paris is depicted with a dark red color; it
means that the disequilibrium is stronger than in other regions. However,
the reason is simple: Paris is the NUTS region with the highest population.
Thus, when we represent the balances as an absolute value, often the region
of Paris is over-scale, compared to other regions. As we can see in the right
side of the gure 6.10, when we express data as percentages we overcome
this issue. For this reason, in future we will prefer to use the representations
in percentage.
Fig.

6.11 depicts the industrial production, expressed as the ratio be-

tween gross value added in the sector and the regional population.

It is

possible to see how Germany, in particular, the Southern and Central regions, as well as Austria and North of Italy, represent the areas with the
highest values, in contrast with South of Italy, Greece, and Baltic Countries,
with the lowest values.
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Figure 6.11: Industry production expressed as a percentage on the industrial
GVA

Services
Fig.

6.12 shows the disequilibriums in the services sector, expressed as a

percentage; the most important property that we can deduce is that services production is generally higher in capital than in others regions of the
same nation: NUTS regions containing Madrid, Luxembourg, Paris, Rome,
but also Lisbon, Helsinki, Wien and others capitals tend to have a positive
imbalance in services sector. Similarly, in violet we represent the service production, depicted as the ratio between GVA in the services sector and the
regional population. Two main results appear: on the one hand, southern
and eastern European regions tend to have lower production, while capitals
(like the region of Dublin, Amsterdam, . . . ), have higher production per
capita levels.

Other disequilibrium sources
Finally, we show in g.

6.13 two complementary representations, giving

further information on European dierences among regions.
hand, g.

On the one

6.13 represents the regional investments as a proportion of the

total regional GVA; the resulting depiction is various: most of the regions
with the lowest values are situated in Greek territory, but also in the north
of Germany, while stronger investments occur in Estonia and in Alentejo, a
region of Portugal.
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Figure 6.12: Services balances and services production, both expressed as a
percentage

Figure 6.13: regional investments and government consumption, as a percentage of the GVA pro capite
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On the second hand, g.

6.13 depicts in magenta the dierences in

government spending as a percentage of the total regional GVA, revealing
how countries like France and Finland tend to have values above mean.
Instead, North of Italy, South of Germany, Baltic countries but also some
Greek regions have lower values than the rest of Europe.
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Chapter 7
Agents heterogeneity and the
Weibull distribution

O

ne of the most important features of an agent-based model,

as already

explained in chapter 3, is the intrinsic property of heterogeneity: in fact,

any agent can be created with personal properties, such as to diversify the
peculiar element he represents in the model from others agents; he can also
be distinguished through the implementation of dierent interaction rules
and behaviors.
In our model, since the consumers are in mean more than 30.000, this
is obviously unfeasible; however, it is possible to create some classes, each
with some peculiarities, to divide agents and make them heterogeneous: in
section 5.3, we introduced consumers and their rst general subdivision in
social classes; it is an important source of heterogeneity. However, we must
remember that agents pick their data from a dataset which is detailed up
to a regional level!

This is the most peculiar and fundamental source of

heterogeneity we introduced in the work; as a comparison example, let us
consider the Eurace model: it is a large-scale agent-based model and simulator representing a fully integrated macroeconomy, and probably by far
the largest and most complete developed in the world to date. Nevertheless,
even if the interactions among the agents and their degree of accuracy are
denitely more deepened than in this model, agents are created using data
at a national level.

This suggests that the regional representation can be

an interesting innovation and improvement, which could lead to unexpected
and new results.
We introduce a third extremely important source of heterogeneity through
the use of probability distributions for some variables: in this way, consumers
will obtain values variating around a mean, with the advantage of a more
realistic dierentiation of the population.
Firstly, consumption propension varies following a Gaussian distribution,
with mean the regional value, as explained in section 5.3; also the disposable
75
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income variable is generated through a distribution probability. In this case,
however, I used a dierent distribution; an example of a realistic income
distribution is shown in 7.1, which represents the Italian income distribution
in 2005; our goal, then, is to generate data with a similar distribution.

Figure 7.1: Incomes distribution in Italy, source Istat

Furthermore, another target is to use a distribution embodying the Pareto
principle, which states that, for many events, roughly 80% of the eects
comes from 20% of the causes. This rule is valid in several sectors - Pareto,
as an example, showed that approximately 80% of the land in Italy was
owned by 20% of the population, and developed the idea observing this ratio
in the peapods in his garden and the peas they were producing. In particular, for the incomes distribution, Pareto principle states that 80% of incomes
is controlled by 20% of the population.
Pareto principlewhich is strictly connected also with the Zipf 's Lawis
essentially an illustration of a "power law" relationship, namely a relationship between two quantities, where a relative change in one quantity results
in a proportional relative change in the other quantity, independent of the
initial size of those quantities: one quantity varies as a power of another.
The distributions of a wide variety of physical, biological, and man-made
phenomena approximately follow a power law over a wide range of magnitudes: these include the sizes of earthquakes, craters on the moon and of
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solar ares, the foraging pattern of various species,the sizes of activity patterns of neuronal populations, the frequencies of words in most languages,
the le size distribution of Internet trac, the timing of many human activities, ranging from communication to entertainment and work patterns, the
criminal charges per convict, and many other quantities, like the allocation of
wealth among individuals, which is the variable of interest for this workand
the reason of this brief excursus. A lot of really interesting literature exists

1

about this theme, and several studies have been published . The fact that
richness distribution, as well as several other variables of economic interest,
follows a power law rule is quite interesting: it could explain, as an example, the frequent breakdowns of several sophisticated nancial instruments,
which are modeled on the assumption that a Gaussian relationship is an
appropriate distribution generator instrument, and, in general, the presence
of incorrect approximations in several traditional macroeconomic analyses.
The Pareto Probability Density Function, as in Hardy (2010), is dened
as follows:

(
fX (x) =
where

xm

αxα
m
xα+1

0

is the minimum possible value of

and represents the scale parameter;
Two conditions hold:

0 < xm < ∞

α,

E(X) =
and the variance

minimum income

the tail index, is a shape parameter.

α > 0.
value E(X):

(
∞
αxm
α−1

α ≤ 1,
α > 1.

(7.2)

Var(X):

Var(X) =
α ≤ 1,

xthe

(7.1)

and

Let us now consider the expected

(If

x ≥ xm ,
x < xm ,

(
∞
xm
α−1

2

α
α−2

α ∈ (1, 2],
α > 2.

(7.3)

the variance does not exist).

α corresponding to the ratio 80/20
expected by the Pareto Distribution is α ≈ 1.161, but the variance associated
to α ∈ (1, 2] is equal to ∞.
A rst issue resides here: the value of

1

as an example, see Barabasi (2005):

dynamics

The origin of bursts and heavy tails in human
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Moreover, several empirical studies showed that Pareto distribution accurately modeled high levels of income, but did a poor job describing the
low end of the distribution: for these reasons, the Pareto Distribution has
been partially put aside.
According to further studies, we looked then for others distributions,
having an exponential behavior; in particular, the Weibull distribution has

2

then been taken in exam . To implement this function, we implemented a
NetLogo extension: since the Weibull distribution function does not exist
in NetLogo, we used an extensioncalled Rthat links NetLogo to R, a
powerful programming tool, useful to get complex statistical analyses; in
this way, NetLogo sends data to R that accomplishes the calculations and
returns the result into NetLogo.
Let us inspect then its Probability Density Function, which is dened as
(see Marshall and Olkin (2007)):

(
f (x; λ, k) =
With expected value

k
λ


x k−1 −(x/λ)k
e
λ

0

x ≥ 0,
x < 0.

E(X):



1
E(X) = λΓ 1 +
k
and variance

(7.5)

Var(X):

" 
  
2 #
2
1
Var(X) = λ2 Γ 1 +
− Γ 1+
.
k
k
Weibull distribution has two parameters:
and

λ > 0,

the scale parameter.

among several distributions: for
tion, for

κ=2

(7.4)

and

λ=

√

2σ

κ > 0,

(7.6)

the shape parameter,

It can be considered as an interpolation

κ=1

it is equal to an exponential distribu-

to a Rayleigh distribution and for

κ≥3

to a

Gaussian distribution.
This representation implies several advantages:

2
others possibilities have been taken in account, according to previous researches (Ammon, Gibrat, Salem and Mount, Bartels and Van Metel), like the exponential and the
Gamma distribution; however, as explained in Bandourian et al. (2002), some studies
comparing parametric models on income distribution across several countries and over
time support that the Weibull distribution is clearly the best two parametric distribution
to t income data.
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•

Variance is well dened for each value of

•

we can modify the shape parameter:

κ;

it is possible to try dierent

attempts letting vary its value, to nd the best distribution to t data;

•

it is possible to choose the parameters respecting the Pareto principle,
so as to have the 20% richest consumers owning the 80% of richness,
but also inspecting others proportions;

•

selecting

κ = 1,

•

we can choose

λ

the result is an exponential distribution
so as to obtain the desired mean (see Equation 7.5);

x ≥ 0,
x < xm ,

However, since Weibull distribution generates random numbers for
while the Pareto probability distribution function is equal to zero for

we took in account a last precaution: to overcome this dierence, I evaluated
the

xm

with the chosen

α

value (as an example, the one corresponding to

the 80/20 ratio) and using as

E(X) the mean value that the agents pick from

the dataset (see Equation 7.2); users can decide to activate or deactivate this
constant through a slider button in the NetLogo interface.

Figure 7.2: The Lorenz curve

Let us introduce another issue: Pareto distribution takes in account an
80/20 ratio.

However, nature is not anchored to this ratio, which is not

necessarily xed and may vary. The principle could be generalized as follows:
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•

There is some number
receive100(1

− p)%

necessarily integer)

0 ≤ p ≤ 1/2

such that

100p%

of all people

of all income, and similarly for every real (not

n > 0, 100pn %

of all people receive

100(1 − p)n

percentage of all income.
To understand how this ratio can vary, it is useful to introduce the Lorenz
Curve and the Gini coecient.
The Lorenz curve,

L(F ),

is a graphical representation of the cumulative

distribution function of the empirical probability distribution of wealth or
income used, and it shows, for the bottom u% of households, what percentage f% of the total income they have, as it is shown in gure 7.2. Fthe
cumulative portion of the populationis represented by the horizontal axis,
and Lthe cumulative portion of the total wealth or incomeis represented
by the vertical axis.
The most the Lorenz curve is convex, the biggest are the dierences in
income/wealth distribution.

Figure 7.3: The Gini coecient and the Lorenz curve

The Gini coecient, instead, is a measure of the deviation of the Lorenz
curve from the equidistribution line, that is, a straight line connecting
and

[1, 1].

[0, 0]

Using gure 7.3 as a support, the Gini coecient can thus be

thought of as the ratio of the area that lies between the line of equality and
the Lorenz curve (marked A in the diagram) over the total area under the

81

line of equality (marked A and B in the diagram). We report two extreme
cases: on the one hand, when Lorenz Curve corresponds to perfectly equal
distribution,

G = 0:

each person owns the same quantity of wealth; on the

second hand when the inequality is total

G = 1:

only one person possesses

all the richness.
Fig.

7.4, which shows the variation of Gini index for several countries

since World War II, has been inserted to give a general idea of dierences
among several world's areas and their variation in time.

Figure 7.4: Gini index variation in time

As in Marshall and Olkin (2007), we report here the Gini coecient for
the Pareto distribution for

α ≥ 1:

Z

1

Gini(α) = 1 − 2


L(F )dF

=

0

1
.
2α − 1

(7.7)

As an example, an 80/20 ratio corresponds to a Gini index of about 60%,
while a 70/30 ratio to a Gini index

≈

40%.

A similar relationship with the Gini coecient has been found also for
the Weibull distribution; it is possible to determine it as a function of

κ

parameter:

Gini(κ) = 1 −

1
21/κ

.

(7.8)
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The Gini coecient is a really important measure for wealth and incomes distribution: several organizations provide statistics about it (World
Bank, UN, OECD, CIA). This value gives multiple information on disparities among dierent social classes, and can be a useful tool to inspect the
relative poverty risk of a country, to compare the dierences of income distribution among dierent quintiles of a population or among the richest 10%
of a population and the poorest one, and so on.

Figure 7.5: Gini index for European countries

The rst direct consequence of this property is that we can use this tool
as an instrument to improve our distribution and to make it as realistic as
possible: the knowledge of the Gini coecient of a country, or of a region,
gives us the possibility to obtain, consequently, the corresponding values

α

for the Pareto distribution and

κ

for the Weibull distribution, using the

equations 7.7 and 7.8.
We report some data to give an approximative representation of the actual global distribution: the mean value of Gini coecient for OECD countries is 0.32 (see the OECD Database), which corresponds approximatively
to a 65/35 ratio. Let us make a comparison: it is interesting to consider as
an example that the Gini coecient of the entire world is 0.68, which cor-
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responds to a ratio higher than 80/20; this value has been evaluated to be
roughly 0.43 in the 1820s, 0.56 in the 1870s and 0.64 in the 1960s... Should
we ask ourselves if we are going towards the correct direction?

Figure 7.6: Graphic representation of Gini's index dierences

Europe, however, shows a less unequal distribution, with the highest Gini
index value of Portugal, that is 0.34 (2012 data), and the lowest, 0.25 (2012
data), of Slovenia.

Figs.

7.4 and 7.6 show a comparison among dierent

world countries, while g. 7.5 depicts a graph with the national disparities
of Europe.
To conclude, we explain how we implemented in the model the Weibull
distribution. At rst, we loaded a dataset containing information on the Gini
index at a regional level. Thus, using the equation 7.8 we extracted the

κ

parameter corresponding to each region, while through eq. 7.5 we obtained
the other parameter of the distribution, that is,

λ.

In fact, the mean value

is given: it is the regional value of Gross Value Added per capita, which
corresponds to the mean income per capita. In the model, the mean value
is a unitary number for each agent, later multiplied per its corresponding
regional GVA per capita.

In this way, each region generates its income

distribution, associating to consumers an amount of income obtained as a
quote of the total Gross value added of the region he belongs to, proportioned
on the Weibull distribution.
We nally show these resulting income distributions, at regional, national
and European degree:

once we have information at the regional level, it

is simple to aggregate data.

As we can see in g.

7.7, smaller regions,

having a small number of agents, show raw distributions, while bigger regions
have more dened shapes; at the national level the distribution assumes a
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Figure 7.7: The NetLogo regional income distribution of Rhones-Alpes (FR),
left, and Phojois-Suomi (FI), right

Figure 7.8: The NetLogo national income distribution of Italy and Netherlands
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well-dened shape, as shown in g. 7.8. Finally, g. 7.9 depicts the total
European income distribution.

Figure 7.9: The NetLogo European income distribution

In the model, sliders in the graphic interface allow the observer to choose
what regions and nations to represent: it is possible to select the desired
region using its NUTS Code, its name or an internal NetLogo code that
sorts in alphabetical order, using NUTS code to order them.

Similarly, a

slider allows to choose the nation to depict, sorted in alphabetical order. It
is interesting to compare these results with the real income distribution in
g. 7.1.
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Chapter 8
Clustering and k-means
algorithm

D

isequilibriums

among regions and heterogeneities among consumers

are the main results we reached in previous chapters.

We will now

see how we can use them to make a further step in the analysis of European
economy: as seen in section 4.3, Burda suggested an alternative to the actual
functioning of ECB, proposing to create several over-national districts, each
governed by a regional central Bank, following the approach of the Federal
Reserve Bank. We reconsider thus its proposal, trying to supply an analytical
tool to inspect dierences among regions and to divide Europe into areas,
similar among them. Thus, the goal is to create clusters of regions, to regroup
areas with comparable economic situationsand consequently needing the
same monetary policy, using the data on balances obtained in previous
analyses.
Furthermore, it is possible to use this tool also on consumers, mainly
based on relative and absolute dierences in income distribution, to inspect
the Europe as a unique country.
The main instrument used in this section is thus the cluster analysis.

8.1 Cluster analysis: K-means Algorithm
Cluster analysis is the task of grouping a set of objects in such a way that
objects in the same group, called cluster, are more similar to each other than
to those in other clusters. It is a general technique for statistical data analysis
which can be realized using various algorithms that may dier signicantly
in their notion of what constitutes a cluster and how to eciently nd them.
Among them, the most common cluster models include:

•

hierarchical clustering: a method which seeks to build a hierarchy of
clusters; that is, these algorithms do not provide a single partitioning
87
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of the data set, but instead provide an extensive hierarchy of clusters
that merge with each other at certain distances. Strategies for hierarchical clustering generally fall into two types: agglomerative, that is,
a bottom-up approach in which each observation starts in its own
cluster and pairs of clusters are merged as one moves up the hierarchy; and divisive, a top-down approach in which observations start
in one cluster and splits are performed recursively as one moves down
the hierarchy.

The result of hierarchical clustering is presented in a

dendrogram; observer must choose where to cut the tree, to obtain
clusters more or less detailed.

•

partitional clustering: this approach constructs various partitions and
then evaluates them; it is non-hierarchical, each instance is placed in
exactly one of K non-overlapping clusters and only one set of clusters
is output: thus the user normally has to input the desired number of
clusters K. The algorithm nally chooses the partition that minimizes
an error function;

•

we just cite other existing models:

distribution models, where clus-

ters are modeled using statistical distributions, such as multivariate
normal distributions (e.g., the Expectation-maximization algorithm);
Graph-based models, in which a subset of nodes in a graphsuch that
every two nodes in the subset are connected by an edge (cliques)can
be considered as a prototypical form of cluster; algorithms based on
Bayesian estimation or density-based, like the DBSCAN algorithm.
Among all these instruments, we decided to use one of the most common
methods for partitional clustering analysis, that is, the K-Means algorithm:
given a k number of clustersk initial nodesxed a priori, K-Means algorithm divides points into k groups such that the sum of squares from points
to the assigned cluster centers is minimized. The algorithm is really simple
and works as follows:
I. Chooses the number K of centroids a priori;
II. Selects K centroids: their starting position is random;
III. Assigns each data point to its closest centroid;
IV. Recalculates the centroids as the average of all data points in a cluster
(i.e., the centroids are p-length mean vectors, where p is the number of
variables);
V. Continues steps 3 and 4 until the observations are not reassigned or the
maximum number of iterations is reached. Fig. 8.1 shows these steps
graphically.

8.1.
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Figure 8.1: K-means steps

As we did for the Weibull distribution, we use the R extension to realize
the cluster analysis. K-Means is implemented through a function that uses
an ecient algorithm by Hartigan and Wong (1979), that partitions the
observations into k groups such that the sum of squares of the observations
to their assigned cluster centers is a minimum.
observations (x1 ,

x2 ,

...,

xn ),

Formally, given a set of

where each observation is a d-dimensional

real vector, K-Means clustering aims to partition the n observations into k
(≤

n)

sets S = {S1 , S2 , . . . , Sk } so as to minimize the within-cluster sum

of squares (sum of distance functions of each point in the cluster to the K
center). Its goal is to nd:

arg min
S
where

µi

k X
X

kx − µi k2

(8.1)

i=1 x∈Si

is the mean of points in

Si .

The algorithm of Hartigan and Wong (1979) is used by default; R allows
to use other algorithms, as those given by MacQueen (1967), Lloyd (1957)
and Forgy (1965), but the Hartigan and Wong algorithm generally does a
better job than either of those.
Let us see others important parameters of the function: at rst, the most
important variable is the number of centers. In fact, K-means clustering re-
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quires that the number of clusters to extract is specied in advance; notice
that this could potentially be a weakness of the method since generally nothing ensures a priori what is the correct number of clusters. For us, however,
it is instead an advantage, since we know how many clusters we want to have.
In fact, we followed the scheme of the model presented by Burda, which considers 5 classes; we used this data as a suggestion to decide what should be
the correct number of clusters. This led us to prefer the K-Means algorithm
to others: the alternative was to implement a hierarchical clustering, but it
would have led to the same issue, that is, where to cut the treehow many
clusters to create. Furthermore, the model lets the possibility to change the
k value to inspect, if necessary, solutions with a dierent number of clusters; thus, in NetLogo model this parameter is chosen through a slider that
determines the number of centroids, which can vary from 1 to 14.
K-means function contains also a parameter that allows to select the
number of multiple initial congurations of k centroids; thus, the algorithm
reports the best one.

In the procedure, the value 1 is used by default; in

our model, it is possible to generate up to 10 initial random congurations
(always through a slider in the NetLogo interface). This approach is often
recommended: in fact, one of the weaknesses of K-Means algorithm is that
it is not suitable for clusters with non-convex shapes since it often risks to
nish in a local optimum: thus, initialization is important. For this reason,
the default parameter should always be augmented.
Finally, another parameter can be modied through a slider: a function
variable allows to change the maximum number of iterations; by default it
is xed to 10. A slider allows to change it in a range varying among 5 and
50.

8.2 K-means and Europeans regions
Once these parameters are chosen, the algorithm elaborates the data: the
dataset used is composed by information extracted by the agents that model
governments; thus, for each agent, K-means analyzes a d-dimensional vector
and regroups them in clusters, minimizing as much as possible the withincluster sum of squares. We take in account 16 dierent regional variables for
each point:

•

spatial coordinateslatitude and longitude;

•

GVA pro capite;

•

unemployment rate;

•

Gini index on income distribution;

•

positive and negative balances per each sector (agriculture, industry,
services);
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ratio among each sector GVA and the total GVA (again, sectors are
agriculture, industry, services);

•

investments as percentage of total production;

•

government consumption as percentage of total production;

•

a parameter considering the Burda's division;

•

public debt (national variable);

•

ination (national variable).

Each parameter is scaled to a range from 0, corresponding to the lowest
value among all governments, to 1, the maximum one. The d-dimensional
vector containing regional data can be modied by the observer through the
interface:

in fact, the model is structured so as to give the observer the

possibility to choose what variables to take in account, through 16 on/o
buttons. Thus, K-Means represents a powerful tool to regroup Europeans
regions similar among them: it allows to cluster European areas with similar
economical structure, but above all it makes possible to analyze these dierences from several point of view, according to the parameters we are taking in
account. As an example, one might consider just one element of the vector,
to underline in particular one economic variable to focus on: e.g., to assess
the eect of policies aecting mainly industrial regions by regrouping them
in similar classes, or to inspect the dierences on mean disposable income,
and so on; it is possible to select a partial number of them, e.g. to assess
the combined eect of multiple variables, or the clustering dierences if one
element is subtracted. Above all, it is possible to evaluate all the variables
together, to inspect their combined eect, to analyze a scenario the most
complete as possible. We show some examples of K-Means clustering.

8.3 Clustering Europe
At rst, gure 8.2 shows how clustering procedure can vary when we modify
the number of centers.

In general, when pictures represent clusters based

on one variable only, colors are scaling: from darker green, used for regions
accomplishing better performances, to red, for regions showing the worst
performances.
Let us start from the rst picture: regions are divided into two classes,
corresponding to regions with higher (dark green) and lower (light green)
incomes; this subdivision is clearly too rough and smooths too many details.
Each image depicts the addition of a center: the detail level increases, as
well as the meaningfulness of the groupings. However, it is possible to note
that when we have six centers, a region (Luxembourg) is regrouped in an
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Figure 8.2: K-Means on income distribution using respectively 2, 3, 4, 5, 6,
14 centers

individual class!
among them.

We should avoid this: our goal is to nd regions similar

We are trying to create new Europeans areas that go be-

yond national boundariesand that we will call, from now on, new regional

aggregations. Thus, a too detailed subdivision is not suitable for our purposes. As an example, we show a subdivision with the maximum number of
clusters, that is, 14: K-Means tends to create often personalized clusters,
containing one or two regions; the result does not satisfy important requirements: it is extremely fragmented, not intuitive neither easy to understand
graphically. Moreover, it seems improbable in a pragmatic approach that a
similar subdivision could be taken in account and realized by policymakers.
For these reasons, the choice of using 5 centroids to generate clusters seems
appropriate.
Let us inspect others clustering examples using just one variable; g.
8.3 shows on the left side a map of unemployment; it is possible to see
how regions with better results are mainly in Germany and Austria while
the so-called PIGS countries (Portugal, Italy, Greece, Spain) are aected
by high unemployment. It is interesting to note that Italy shows clearly a
huge divergence among Northern and Southern regions; this trend will return
often in several k-means clusterings, underlying deep structural dierences.
A similar behavior aects also the Gini index, represented in the right side

8.3.
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Figure 8.3: Unemployment and Gini index dierences among new regional
aggregations

of g. 8.3, even if in general it is a more heterogeneous variable. Paris, e.g.,
shows a behavior certainly dierent if compared to others French regions: in
the capital, the Gini index is decisively higher than in other regions, a signal
of bigger disparities in incomes distribution; Baltic countries have the highest
disparities while Belgium, Austria and Slovenia show the best performances.
More interesting, however, is the representation of combined values; in
this case colors can not represent a scaling variable, they are simply a tool
to illustrate the new regional aggregations.
Fig.

8.4 depicts how varies the K-means clustering when we consider

latitude, longitude, industrial imbalances (left) and latitude, longitude, investments (right).

The eect of latitude and longitude is evident in both

cases, that show several similitudes:

the regional aggregation of Finland

and Baltic countries is equivalent; Ireland, Portugal and Spain are grouped
together in both cases, as well as South of Italy and Greece. Some dierences, however, exist: the left image divides France and Germany; in the
investments-based cluster, instead, they are contained in the same class and
a smaller regional aggregation joins dislocated regions of Austria, France,
Belgium, Netherlands, Germany and Italy.
These representations suggest that latitude and longitude might have an
important role in the creation of clusters regrouping spatially close regions;
however, this property is not strictly linked to latitude and longitude.
Fig. 8.5 depicts the combined eect of unemployment and incomes (left)
and how the clustering varies if we add data on percentage of service GVA on
total GVA (right); even if spatial coordinates are not present, it is possible
to observe that neighbor regions tend to have similar behaviors and prop-
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Figure 8.4: Spatial coordinates and other variables: industrial imbalances
and investments

Figure 8.5: Left: unemployment and incomes distribution.
ployment, incomes distribution and service GVA ratio

Right: unem-
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erties: as an example, the left picture illustrates some areas in Spain, Italy,
Germany, in which neighbor regions are grouped in the same class, even if
we do not consider spatial information.

Figure 8.6:

regional balances, Burda's division, investments, government

consumption and Gini index

The image on the right shows how the addition another variable (service GVA distribution) varies the cluster: a class merges South of Spain,
of Italy and almost the whole Greece; another one joins Baltic countries,
Portugal, North of Spain; the others new regional aggregations show little
changes compared to the left representation. The addition of new variables
seems thus strengthen the presence of well-dened regions, close among them
even if no spatial information is used. Figure 8.6, created using the regional
imbalances, the variable relating to the proposal of Burda, investments, government consumption and Gini index conrms this hypothesis. An embryo
of the nal representation begins to be visible.

The nal cluster.
Figure 8.7 shows the nal cluster, obtained without using spatial information.
The result is extremely interesting: the rst emerging feature is that one class
is composed exclusively by Greek regions. This given, considering the actual
economical and political European situation, is astonishing.

However, we

should not read this result as an indication/hint relating to the role of Greece
in Europe; rather, it underlines how, as a matter of fact, Greek economical
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Figure 8.7: The nal result of K-Means clustering

situation diers signicantly from others European regions and should need
apposite solutions and strategies.
It is important to underline, however, that this result is partially aected
by the presence of national data, that is, public debt and prices ination:
Greek data are signicantly dierent, compared to those of other European
regions; this could be a partial reason of this result.
The others classes are:

•

Finland, Estonia, Slovakia, Slovenia, eastern regions of Austria, Malta;

•

Iberian Peninsula (excepted Madrid region), South of Italy, Cyprus,
Latvia and Lithuania;

•

Central Italy, part of France, Madrid region, Ireland;

•

Germany, part of France, Belgium, Netherlands, Luxembourg, part of
Austria, North of Italy.

The result we obtained, that creates an apposite class for Greece, led us
naturally to take in exam the possibility to create new clusters, implementing
in the model a procedure that allows to add or remove countries, to analyze
the eects and the dierences with g. 8.7: what would happen if we remove
Greece, we add United Kingdom, or both together?
The program allows to add or remove also other countries; however, we
choose these two examples, considering them the most interesting ones.

8.3.
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Figure 8.8: Grexit and Brit-on

Fig.

8.8 shows on the left the Grexit, that is, a scenario in which

Greece is not anymore part of the Eurozone.

On the right side, we show

another possible what if situation, in which United Kingdom is considered
as an Eurozone memberscenario that we will call Brit-on.

In the rst

case, it is possible to recognize the general clustering scheme of g.

8.7:

the classes are almost equivalent. There is only one big dierence: in this
scenario emerges a new regional aggregation, that joins some small regions
containing big cities (the areas of Paris (FR), Hamburg, Berlin, Frankfurt
(DE), part of Netherlands and Luxembourg). It shows that the economies
of big cities tend to be structurally similar among them and that this trend
is reinforced when the dimension of a region containing it is spatially small.
In the picture on the right, showing the Brit-on scenario, we added a
centroid since United Kingdom is composed by 37 NUTS2 regions.

The

situation is more heterogeneous:

•

the Greek cluster contains also some Southern regions of Italy and of
Portugal;

•

the core of the cluster containing France and Ireland does not vary,
but now it comprehends a higher portion of Italian territory and also
Northern German regions;

•

Spain, South of Italy, Baltic countries are grouped together, with Slovakia previously absent;

•

Finland is now joined to Germany, Austria, part of Netherlands and
of Belgium;
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also in this scenario a class composed by cities emerges: a cluster is
composed by Paris (FR), Wien (AT), Berlin, Hamburg (DE), London,
Aberdeen, Buckinghamshire (UK), Luxembourg and part of Netherlands;

•

United Kingdom and Estonia.

Regardless of these particular spatial aggregations, which could vary according to the examined parameters, we obtained a fundamental result:

we created a tool to regroup Europeans regions structurally
similar among them,
allowing to create hypothetical sovra-national areas which can be managed
by a regional European Central Bank per each area, that might follow
monetary policies particularly tted for the European territory under its
own jurisdiction. This method can be thus a valid instrument to suggest an
European subdivision, following the Burda proposal, but using a quantitative
and analytical tool to create the new regional aggregations.

8.4 K-Means and consumers

Figure 8.9: Grexit and Brit-on

Finally, we introduce another way to implement the K-Means algorithm
in the model: agents can be considered, as well as regions, elements containing data comparable among them to make clusters.

In this way, it is

8.4.
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possible to create classes of consumers with similar features, to inspect, e.g.,
the eects of monetary policies aecting only a part of the European citizens.
This method is based on an income-based approach:

agents can be

grouped comparing their absolute perceived income or their relative income,
that is, the individual value extracted from the Weibull distribution, that
gives information on the relative richness of the agent compared to others of
the same region. This second approach has an important peculiarity which
makes it so interesting:

it treats the Europe as a unique entity, dividing the whole
European population into classes of similar consumers.
Furthermore, it is possible to create this statistic on the whole Europe,
considering together all the Europeans citizens, or using nested K-Means
algorithms:

we can use a rst K-Means on the NUTS2 areas, to create

the new regional aggregations; thus, using a second K-Means per each new
regional aggregation, it is possible to analyze the consumers classes per each
new regional aggregation individually.
As an example, as shown in g.8.9, this method allows to create 5 classes
of consumers, considering the whole Europe as a single entity and grouping
those with the most similar absolute income level.

The gure shows six

panels; the rst represents all the consumers together while the others show
agents in decreasing order of absolute income level.
One data emerges clearly: as it is visible in the second image, the richest
inhabitants live in a few number of regionsoften capitalsand are in a
large part condensed in regions of Central Europe, like Paris, North of Italy,
Germany, Luxembourg, Netherlands and Belgium. Furthermore, they represent a very little fraction of the total European citizens. The others images
show how classes containing poorer citizens tend to become more populated
(the reason is clear considering the shape of the Weibull distribution) and
that poorer individuals tend to live in perimetral European regions.
Fig. 8.10 shows instead the result of nested K-Means algorithms: in this
representation, each new regional aggregation contains 5 classes of agents,
grouped so as to minimize the within-cluster sum of squares, using an approach based on relative income distribution.
The main dierence of this method, compared to the rst one, is that
we have a more detailed representation: we have in total 25 clusters, 5 per
each regional aggregation.

Thus, this method allows, e.g., to inspect new

regional aggregations one by one, analyzing the internal classes; however,
it also makes possible to inspect, e.g., the 5 clusters containing the richest
agents of each regional aggregation, the poorest ones, and so on.
Thus, this method could be used to analyze the eect of several economical shocks on the European economy: as an example, to study how the
eect of dierent monetary policies could aect dierent consumers classes;
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Figure 8.10: nested K-Means using relative incomes distribution

or else, to implement dierent responses in consumption propension for each
class: richer consumers would probably not react to a bonus of 80 Euros
in salaries, unlike the poorest ones; more, it could be used to compare the
eects of various taxation strategies, to analyze which classes would hit and
in which proportion. Several others shocks could be implemented.

The importance of this second method consists in the possibility
to create clusters of agents with similar properties, analyzing the
Europe as a unique entity.

Chapter 9
Conclusions and further
researches
We expose in this chapter the main ndings we arrived at through this work.
A rst result we obtained is the creation of the economic dataset.

In

fact, one of the rst encountered problems was the lack of datasets ready to
use: most of the work regarded precisely its implementation. Furthermore,
to create the economic dataset, in some cases we needed to infer some
rational and acceptableconjectures to deduce data: thus, it is a double
value added of the work: on the one hand, we inferred acceptable data that
are absent in the ocial statistics; on the other hand, we created a dataset
that joins geographical and economical information, previously inexistent
and detailed up to the regional level.
The elaboration of these data allowed to create a detailed European map
of the positive and negative balances of the main economical sectors, in addition to complementary statistics, as the regional investments and the regional
governments consumption, for a total of 48 possible dierent graphics. Notice that Eurostat does not provide many of these graphical elaborations.
Moreover, chapter 6 shows how these results are generally in accord with
real data.
Another interesting result is that, using a Weibull distribution, it has
been possible to create a realistic European income distribution; this result
is extremely important: it allows to use the income distribution as a tool
to supply to agents various behaviors (e.g., dierent reactions to shocks),
basing these dierences precisely on the income inequalities.
The most important result, however, is the implementation of the KMeans algorithm.

At rst, K-Means made possible to create a European

subdivision in new regional aggregations, alternative to the intuitive one
proposed by Burda, supplying a quantitative tool and an analytical support
to decide how to create clusters; the fundamental emerging result from this
analysis is that K-Means is a valid instrument to regroup sovra-national ar101
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eas with a similar economic structure, suggesting the hypothesis of regional
European Central Banks that might pursue monetary policies particularly
tted for the European territory under their own jurisdiction. Furthermore,
the possibility to change the K-Means parameters allows to inspect the European economic structure from dierent points of view.
Furthermore, this method allows to treat the Europe in two ways: as
a unique country, analyzing all the Europeans citizens as components of
a unique entitythe Eurozone and dividing them into classes of similar
consumers, through an income-based approach; or nesting two K-Means algorithms and creating classes of similar consumers inside each new regional
aggregation.
In general, thus, K-Means algorithm oers an extremely powerful instrument to create classes of agents with similar economical structures and
since parameters taken in exam can be modied it also allows to study their
structure from dierent points of view.
To conclude, we report here some possible further improvements to the
model and suggestions for ulterior developments:

•

the economical dataset shows some shortcomings and some data are
expressed at a national level since not existing at the regional level.
Collecting better data, in particular on the consumption side, could be
an important improvement;

•

to complete the dataset looking for data on the non-Eurozone countries; it could permit to analyze in detail the eect of the entry in the
Eurozone of all the countries considered in the model;

•

to implement a neural network, as an example to study the labor market and to analyze dierences among random consumers movements
and those driven by a neural network, or to create intelligent Central
Banks;

•

to implement economical shocks in the model, and to use the K-Means
algorithm to create dierent classes of governmentsor consumers
responding in a dierent way to stimuli;

•

to implement others clustering methods, to compare K-Means results
and analyze dierences and similitudes, but above all to see if others
algorithms could give better results.

Appendix A
The Eurostat database
The target of this section is to supply a guide and some instruments to inspect
the NetLogo database, as well as to verify its consistency and coherence,
giving readers the possibility to have a comparison with the datasets it has
been extracted by. It can also be a useful tool in case an user would like to
update data: the links reported here can be used as paths to follow to reach
easily the Eurostat datasets, which are constantly adjourned with new data,
containing new and updated information readers are interested in.
We present here a list of the .dbf le attributes: almost each item contains
a reference to a le in .tsv format, namely Tab Separated Values. These are
the Eurostat datasets which have been used to extract data. They can be
easily downloaded through the Eurostat website:

http://ec.europa.eu/eurostat/data/database

Tsv le corresponds to the more notorious .csv le, with the dierence that
the separation instrument here is not the comma type, but the Tab one.
Here it is then a list of the attributes imported in NetLogo, the corresponding Eurostat les, the year which they refer to and a brief text to explain
the measure units legend used in Eurostat datasets: each data has a code,
corresponding to a geographical information (NUTS 2 regions) and to the
variable unit of measure.
The presence of a legend is necessary to understand which data have been
used since often Eurostat datasets contain the same value for each region,
expressed in dierent units of measure (for an example, in percentages and
in real values, in total or in dierent sectors, and so on).

Some notes are

added to explain further details on the construction of the Netlogo database.
A clarication is necessary: the shapele used corresponds to Eurostat data,
with some small dierences in the NUTS regional names that we report in
tab. A.1.
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Table A.1: Correspondences between the two les

•

Weastows

Eurostat

DE41 + DE42

DE40

FI13 + FI1A

FI1D

FI18

FI1B + FI1C

HR01 + HR02

HR04

Population
File: demo_r_pjangroup.tsv
Year: 2013
Legend: number of inhabitants per region, expressed in units.

•

Area
File: demo_r_d3area.tsv
Year: 2013

2

Legend: TOTAL = Total land area in Km ; in alternative, L008 =
Total land area, in which lakes are not considered in km

2 count. For

our purposes, the TOTAL measure is preferable.
Notes: NUTS2 DE41, DE42, FI13, FI18, FI1A, HR01, HR02 area is reconstructed through the NUTS3 subdivision, contained in this dataset.

•

Gdp
File: nama_10r_2gdp.tsv
Year: 2013, 2012
Legend: code EUR_HAB: Data in euro per inhabitant, it expresses
the Gross Domestic Product per inhabitant of each NUTS2 region.
Notes: For some NUTS2 regions of Germany and Norway, data refer
to the year 2012, since in somerarecases Eurostat reports values
only at NUTS1 level. Furthermore, some non-EU countries data are
missing; we use then other datasets, referring expressly to non-EU
countries, to ll empty spaces:
- File: nama_10_gdp.tsv
Year: 2013
Legend: code CP_MEUR: national aggregate GDP of Switzerland and
Iceland, expressed in current prices (in millions of euros); code B1GQ:
gross domestic product at market prices.
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Notes: this dataset contains data on Switzerland and Iceland GDP, at
national level.
- File: cpc_ecnagdp.tsv
Year: 2013
Legend: data, disposable only at the national level, expressed in millions of euros and relating to Turkey GDP; code 1402: data in euros
(not in Turkish lira)
Notes: as in CH and IS cases, it is an aggregate national variable, not
pro capite; then, another dataset is required:
- File: demo_pjan.tsv
Year: 2013
Legend: inhabitants of EU and neighboring countries; it is necessary
to divide national aggregate data and to obtain pro capite values for
CH, IS, TR.
- File: http://unstats.un.org/unsd/snaama/selbasicFast.asp
Year: 2013
Legend: Gdp pro capite.
Notes: Liechtenstein government doesn't like to spread its own data...
United Nations provide somelimitedinformation on this country:
this website link leads to a page where it is possible to download the
diused data. In the following attributes, for this reason, Liechtenstein
data will be never present.

•

GVA
File: nama_10r_3gva.tsv
Year: 2012
Legend: data in millions of euros; code A: agriculture; code B-E and F:
industry; code G-I: transports; code G-U: total services (see RAMON
nomenclature, explained in section 5.3).
Notes: the dataset does not contain UK values for transport; thus, we
calculated them subtracting other voices (agriculture, industry, nontransport services) from each UK total regional GVA.
Data are missing for Switzerland, Iceland, Liechtenstein, Turkey; being
non-EU countries, we have decided to ignore the problem (all the survey concerns only EU countries: we consider non-EU countries mainly
because the geographical dataset provided by Eurostat contains them
and it is not possible to modify it).
Furthermore, transport data are missing for Germany and Poland: for
these two countries, they correspond to the ratio between national
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services GVA and national transports GVA; we applied the obtained
value to each regional value of services GVA to extract the regional
transport GVA share. To do this operation, we used:
- File: nama_10_a10.tsv
Year: 2012
Legend: code CP_MEUR: data, in million of euros, are expressed in
current prices; code B1G: Gross Value Added.

•

Employment
File: lfst_r_lfe2emp.tsv
Year: 2013
Legend:

code THS: data in thousands of people; code T: data di-

vided into Males, Females, Total; code 15-24/25-64: to have a more
detailed representation of reality, workers are divided in two subcategories, namely young (15-24) and non-young (25-64) workers.

•

Employment sectors (agriculture, industry, services, transports)
File: nama_10r_3empers.tsv
Year: 2012, 2011
Legend: code THS: thousand employed per sector; code A = agriculture; codes B-E and F = industry; code G-I = transport.
Notes: this is the main dataset used, but some data are missing. As
an example, Portugal data are not updated to 2012: I decided then to
use the 2011 values. Where this operation has not been possible, the
following les helped to ll shortcomings. In detail:
-File: nama_r_e3em95r2.tsv
Year: 2011
Legend: code THS: thousand employed per sector.
Belgium agriculture values are clearly incorrect and incoherent with
other countries data, probably because they have been inserted with
an incorrect unit of measure. We used then another dataset to insert
them, namely nama_r_e3em95r2.tsv.
- File: tec00112.tsv
Year: 2012
Legend: code THS: thousand employed per sector.
Notes: used for Cyprus and Luxembourg. This table contains national
data; however, the NUTS2 division of CY and LU matches the NUTS0
division, since they are small countries (in chapter 4 we explain clearly
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the criteria of NUTS subdivision). So, it is coherent to use those data
for NUTS2 level.
- File: lfst_r_lfe2en2.tsv
Year: 2012
Notes:

Used for United Kingdom data, but also for Germany and

France employed in transports since these data were missing in the
main (nama_10r_3empers.tsv) le.
Legend: code Y_GE15: total employed in the considered sector, having age 15 or more.

This could lead to a little imprecision since in

other European countries we don't consider workers of age 65 or more.
A hint to improve this dataset in future could be to look for new data,
to avoid the errors correlated with the dierences in the ranges of age
considered for the employed.

•

Employment sectors (Public Administration)
File: lfst_r_lfe2en2.tsv
Year: 2012
Legend: code O-Q: Public Administration; code Y_GE15: total employed, having age 15 or more.

•

Employment rate
File: lfst_r_lfe2emprt.tsv
Year: 2013
Legend: percentage of total population in the considered age range;
code Y15-24/25-64: ranges of age.

•

Unemployment rate
File: lfst_r_lfu3rt.tsv
Year: 2013
Legend: data in percentages; code 15-24: young age range;
code Y_GE25: range for non-young workers. As explained before, using Y_GE25 is not the better choice, but range 25-64 was not present.
However, since it is a percentage and workers with more than 64 years
are very few, we can ignore this detail.
Notes:

somefewNUTS2 regions of Austria, Germany, Finland,

France, Italy and United Kingdom haven't data updated to 2013; in
these cases, shortcomings have been lled using data of previous years
or with NUTS1 values.

108

APPENDIX A.

•

THE EUROSTAT DATABASE

Productivity
File: nama_10r_3gva.tsv
Year: 2011
Legend: millions of euros; codes: A = agriculture; B-F = industry;
G-U = services; G-I = transports;
File: nama_r_e2em95hr2.tsv
Year: 2011
Legend: hours of work; codes: A = agriculture; B-F = industry; G-U
= services; G-I = transports;
Notes: We evaluated productivity as the GVA per employed per hour of
work. Firstly we calculated it as total, thus as productivity per sector.
However, several countries lack in nama_r_e2em95hr2.tsv; in fact,
Belgium, Switzerland, Denmark, France, Iceland, Italy, Liechtenstein,
Macedonia, Norway, Turkey and United Kingdom are missing. For this
reason, this information has not been used, even if we inserted it for
some countries: in the model, we calculate the agents productivity as
the total yearly production of a worker.

•

Consumption of goods
File: nama_10_fcs.tsv
Year: 2013
Legend: codes: durable goods (P311_S14), semi-durables (P312_S14),
non durables (P313_S14) and services goods (P314_S14). Data are
in millions of euros, expressing the national quantity of money spent
by consumers, by durability.

It is useful to distinguish services con-

sumption (services goods) by other types of consumption (industrial
and agricultural).
File: tsdpc520.tsv
Year: 2013
Legend: national data; we divided consumption into various sectors,
following the Classication of Individual COnsumption by Purpose
(COICOP) subdivision, that is, an international individual consumptions classication; for each item we expressed the consumption as a
percentage of the total; code CP01 (COICOP): this element contains
food and non-alcoholic beverages; we used it to get an estimation of the
agricultural consumption, considering as an acceptable approximation
that the half of this expenditure item is equivalent to the agricultural
consumption.

Finally, industry consumption is evaluated subtract-

ing from the total the quantity of services and agricultural consumed
goods.
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Notes: this is one of the most crucial - and weak - points of the work,
since nama_10_fcs.tsv gives national consumption propension, from
which it is possible to obtain the agents preferences in terms of consumption allocation; here resides the problem: we know how agents
prefer to spend their money, but only at a national level, ignoring all
the dierences among regions, which in some cases can be very important.
Furthermore, the use of percentages causes the presence of correlations
in the disequilibriums, imposing an unnatural bond: often, when a region has a marked disequilibrium in a sector (as an example, an advance
of balance), there will be automatically a tendency to have opposite
disequilibriums in the others sectors, since we use national percentages
of consumptions, equal for each region of the same country, and not real
values of consumption. This is due to the subdivision in percentages
applied here but also to the use of a consumption propension data at a
national level which, moreover, does not consider dierences in sectors
(see below for the explanation of the consumption propension).
The most important improvement for this work would probably be to
collect a better and more detailed dataset on consumption of goods at
a regional level and, possibly, distinguishing among dierent sectors.
Eurostat and others sources, however, do not provide it neither for
previous years, so it seems dicult to expect a future creation of this
kind of statistic.

•

Householders nal consumption
File: tec00009.tsv
Year: 2013
Legend: National data, expressed as a percentage of the national Gdp
(in this work, calculated using GVA instead of GDP; the dierence can
be ignored). We use it to get the individual consumption propension
as a percentage of personal incomes.
Notes: to have a more realistic estimation for the regional dierences in
consumption propension, we implemented a linear regression, correlating regional Gva and consumption propension. Further details about
this analysis are available in appendix B. Since we implemented the
regression using only Eurozone countries and United Kingdom data,
others EU countries contain regional data estimated on a regression
composed using others countries data.

•

Government nal consumption
File: tec00010.tsv
Year: 2013
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Legend: national data, percentage of GDP (as for householders nal
consumption, we calculated it with GVA instead of GDP, considering
them equivalents)
Notes:

as the householders consumption, this data is national.

To

overcome this issue and to get a more realistic regional value, inside
NetLogo we implemented a proportion, based on regional number of
employed in Public Administration: each region prorates the amount
of public spending on the percentage of employed in public administration, comparing it to the national percentage; as a result, regions with
higher value will consequently own a higher value of public spending;
vice-versa for regions with lower values.

•

Investment
File: nama_10r_2gfcf.tsv
Year: 2012, 2011
Legend: regional data, in millions of euros.
Notes: Some data are missing. We used data of previous year (2011) for
Portugal; for Germany, it has been necessary to use another dataset:
File: nama_r_e2gfcfr2.tsv
Year: 2011
Legend: regional data in millions of euros.
We obtained Cyprus, Iceland, Estonia, Spain data through national
values: for CY, IS, and EE, since NUTS2 subdivision corresponds to
NUTS0, there is no approximation, while for Spain it implied an unavoidable approximation; the dataset used is:
- File: tec00011.tsv
Year: 2012
Legend: national data, in millions of euros.

•

Public debt
File: gov_10dd_edpt1.tsv
Year: 2013
Legend: data as a percentage of GDP; code GD: public debt.
Notes: only EU countries data are present.

•

Ination
File: prc_hicp_aind.tsv
Year: 2013

111

Legend: data as percentage variation compared to the previous year;
code RCH_A_AVG: rate of change compared to the previous year;
code CP00: ination evaluated on all HICP items.

•

Gini index
File http://stats.oecd.org/index
Year: 2010
Legend: Gini index of regions; code Gini: Gini at disposable income,
after taxes and transfers, expressed as a number included among 0 and
1000 (to be reduced at a percentage value).
Notes:

data for several countries are at NUTS2 level, but often at

the NUTS1 level if NUTS2 is missing (OECD has a dierent dataset
structure, compared to Eurostat one). Estonia, Ireland, Iceland, Luxembourg, Portugal data are obtained by OECD dataset, at the national
level (see http://www.oecd.org). We lled others shortcoming data using:
- File: data.worldbank.org
Notes: we inserted Bulgaria (2011), Macedonia (2009), Romania (2009)
data at the national level, using this dataset.
File: https://www.cia.gov
Notes:

we inserted Cyprus (2012), Greece (2013), Croatia (2009),

Lithuania (2009), Lettonia (2010), Malta (2013) data, at the national
level, using this dataset.
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Appendix B
A linear regression to evaluate
householders consumption
propension
Eurostat database contains information on householders consumption propension, but only at a national level; furthermore, searches through other data
sources were unsuccessful.

Since the main goal in creating the dataset is

to obtain statistics at a regional level, we tried to use the national data to
extract the regional information we are interested in.
Data present a thinbut visiblecorrelation: the more a country produces a high level of GVA (or, similarly, of GDP), the most its inhabitants
are prone to save their earnings. We decided then to exploit this correlation,
using the GVA dierences among regions of the same country to obtain an
estimation of consumption propension at a regional level: we tted those
data using a linear regression.
At rst I have calculated GVA pro capite for the 19 countries of the
Eurozone and for United Kingdom, excluding the other EU countries. We
calculated GVA and national population, for each country, as a sum of regional data contained in the dataset. We included UK because one of the
program purposes is to evaluate the eects of a possible UK entry in Eurozone. Tab B.1 shows the data.

113

114APPENDIX B. A LINEAR REGRESSION TO EVALUATE HOUSEHOLDERS CONSUMPT

Table B.1: Data used for linear regression and results
Country

GVA pro capite

Consumption propension

tted data

Austria

33362.01

53.8

52.27

Belgium

31096.28

51.6

53.33

Cyprus

20525.52

68

58.30

Germany

30116.82

55.4

53.8

Estonia

11651.49

51.2

62,47

Greece

15577.23

71.2

60.63

Spain

20727.55

58.2

58.21

Finland

31625.18

54.9

53.09

France

28612.04

55.6

54.50

Ireland

34677.80

45

51.65

Italy

24483.78

60.8

56.44

Lithuania

10139.09

62.8

63.19

Luxembourg

73249.62

31.4

33.52

9565.54

61.9

63.45

Malta

14997.96

56.3

60.90

Netherlands

34163.98

44.9

51.89

Portugal

14152.47

65.6

61.30

Slovenia

15182.73

55

60.81

Slovakia

12214.53

56.7

62.20

United Kingdom

28025.76

64.9

54.78

Lettonia

A linear regression, thus, allows to t linearly GVA and consumption
propension, both at a national level, to evaluate analytically this correlation.
The result is, as expected, a negatively inclined straight line: countries
with higher GVA level tend to consume less and consequentially to save
more. Figure B.1 shows the regression.
Thus, we used the equation obtained to interpolate, for each NUTS 2
region, the value of consumption propension: knowing the total GVA produced by each region, it is possible to extract through the square line the
corresponding value of consumption propension, now dierent at a regional
level.
Finally, we considered a further correction. Since the correlation is good,
but not perfect, in some cases there is a considerable risk to introduce an
error, bigger than the correction we want to produce in the model. As an
example, we consider the Greek situation: simply extrapolating data from
the line would reduce the national consumption propension of 15% while our
highest regional correction is about 4.5% points. Therefore, we calculate the
ratio between the consumption propension resulting by the straight line at
the national greek GVA value and the real value. We multiply this value for
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Figure B.1: linear regression for consumption propension

each regional consumption propension; this allows us to have a more realistic
estimation.
In tab B.2 we show some interesting statistical results: the straight line
coecients, their standard errors, the value of the F-statistic, the degrees of
freedom and the covariance

R2 .

Table B.2: Statistical results
Variable

value

angular coecient m
standard error of m
covariance
F

R2

-0.00047

9.7 ·

e−5

0.57
23.71

variable

value

constant term b

67.95

standard error of b

2.76

standard error of y value

6.10

degrees of freedom
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Appendix C
Data extrapolation
One of the principal faced problems, especially during the rst phases of
the NetLogo dataset creation, was related to the big dimension of Eurostat
datasets: in fact, often NUTS2 data are mixed with those of NUTS1 and
NUTS3 level; furthermore, each dataset contains the same value, for each
region, expressed in several units of measuresas an example, in percentages
and in absolute values, in current prices or in values related to a previous
benchmark year (this is the main reason why it has been necessary to create
the appendix A).
At rst, this procedure implied a hard work, since I selected manually
the data interesting for our purposes.

After some unsuccessful attempt,

using simple programs like Excel or .csv le readers, I decided to use Python
to write a code, with the intent to automatize the extrapolation: Eurostat
les, which are in .tsv format, must be only transformed in a .csv le. This
operation is very simple and it is possible to do it, as an example, with an
OpenOce document reader, which can replace easily the tab separation
type with a comma type.
The result is a brief text code that opens the .csv le, which contains the
Eurostat dataset we are interested in, and analyzes each row, distinguishing
them according to the NUTS level; in this way, we can obtain a new dataset,
containing only the NUTS2 regional data. Here it is reported the code:

import
import

numpy

as

np

csv

data =[]

open ( "< i n s e r t

with

file

name >. c s v " ,

reader = csv . reader ( c s v f i l e ,

for
# the

row

in

dataset

' rb ' )

reader :

is

opened

and

can

riga =[]
117

as

d e l i m i t e r=

be

read

csvfile :
'\t ' )
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for

i

in

a=

DATA EXTRAPOLATION

row :

str ( i )

#p r i n t

a

l i s t a=

#p r i n t

list (a)
lista

n s t r i n g a = ""

for

j

in

if

lista :

j == " . " :

del

j

j = " ,"

if

j == " b " :

del

j

j= "

if

"

j == " u " :

del

j

j= "

if

"

j == " c " :

del

j

j= "

if

"

j == " : " :

del

j

j= " 0 "

if

j

!=

"

":

nstringa = nstringa + j

#p r o c e d u r e s

to

prepare

the

data

for

the

Netlogo

dataset

r i g a . append ( n s t r i n g a )

##r i g a . a p p e n d ( numero )
d a t a . append ( r i g a )

#p r i n t

print
d a t a s e t=

riga

data ;

open ( "< i n s e r t

intermediate

file

name >. c s v " ,

' wb ' )

119

#an

intermediate

file

is

wr=c s v . w r i t e r ( d a t a s e t ,

for

in

row

created

d i a l e c t= ' e x c e l ' )

data :

wr . w r i t e r o w ( row )

# In [

]:

import

csv

data1 =[]
riga =[]
with

open ( "< i n s e r t

intermediate

file

reader1 = csv . reader ( c s v f i l e 1 ,

for

row

in

#p r i n t

' rb ' )

as

csvfile1 :

' , ')

reader1 :

row

s t r i n g a=

#p r i n t

name >. c s v " ,

d e l i m i t e r=

str ( row [ 0 ] )

stringa

i f len ( s t r i n g a )
#o n l y NUTS2 r e g i o n s

are

== 4

:

kept

r i g a . append ( row )

print

riga ;

#p r i n t

nstringa

#p r i n t

len

( riga )

#d a t a 1 . a p p e n d ( r i g a )
i n t e r m D a t a s e t=

open ( "< i n s e r t

final

file

name >. c s v " ,

wr=c s v . w r i t e r ( i n t e r m D a t a s e t ,

d i a l e c t= ' e x c e l ' ,

#t h e

ready

for

file
row

in

contains

the

riga :

wr . w r i t e r o w ( row )

data ,

to

be

' wb ' )

d e l i m i t e r= ' , ' )

inserted

in

NetLogo
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