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Abstract 

Income and wealth inequalities have been on the center of discussion for years and lately 

have been pushing the political agenda due to an evidently wide gap between the rich and 

the poor. These inequalities have been proved to diminish social and economic cohesion 

while precluding economic growth. This thesis work presents a different framework to study 

the impact of economic policy upon income economic inequalities. Here, a multi-agent model 

was built to generate new insights about how economic inequalities emerge in a modern 

society and to study the impact of the welfare redistribution policy among the household 

population. 

In this work, the AMoSI model was created to serve as a platform for economic policy study. 

The model consists of two primary sectors: households and consumer goods firms. The 

government is also present to conduct and apply a welfare redistribution policy under 

assessment. Three main taxes are introduced: the VAT (on purchasing activities) and both 

income and profit taxes. On the other hand, three main benefits are included: the minimum 

benefit, the unemployment benefit and the earned tax credit. 

The AMoSI model concluded that distributing the three benefits at the same time, while also 

emphasizing on increasing the income tax relative to the other taxes generates better results 

in both aggregate consumption and equality levels within the economy. The AMoSI model 

also generates new insights on how inequalities emerge in the economy with a clear 

correlation between economic equality and both employment and consumption. 

 

Keywords: Agent-based Simulations, ACE models, Computational Economics, Economic 

Policy, Income and Wealth Inequalities. 
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Resumo 

As desigualdades de rendimentos e riqueza têm estado, durante anos, no centro das 

atenções e insurgido recentemente na agenda política devido à crescente distância entre 

ricos e pobres. Tais desigualdades têm consequências como o declínio da coesão social e 

económica enquanto que, ao mesmo tempo, impedem o crescimento das economias. A 

presente tese de mestrado apresenta uma diferente estrutura que visa estudar o impacto de 

politicas económicas que combatem estas desigualdades. Aqui, um modelo multi-agente foi 

construído de modo a gerar novos conhecimentos sobre como as desigualdades económicas 

emergem numa sociedade moderna e que permita avaliar o impacto de politicas de 

redistribuição de riqueza pela população. 

Neste trabalho, o modelo AMoSI foi criado de modo a servir de plataforma base para estudos 

de políticas económicas. O modelo consiste em dois principais sectores económicos: famílias 

e empresas de bens de consumo. O governo é responsável por executar a redistribuição 

definida. Nesta política coexistem três principais impostos: o IVA, o IRS e o IRC; enquanto 

que estes fundos são distribuídos sob três formas: rendimentos mínimos, subsídios de 

desemprego e imposto negativo. 

O modelo AMoSI conclui que a redistribuir os três benefícios ao mesmo tempo, enquanto se 

impõe níveis de IRS superiores relativamente aos outros dois impostos, gera melhores 

resultados tanto ao nível do consumo agregado como nos índices de igualdade. O model 

AMoSI também permite gerar novos conhecimentos sobre a emergência das desigualdades 

na economia, e conclui uma correlação clara entre igualdade económica com níveis de 

emprego e consumo agregado. 

 

Palavras-chave: Desigualdades Económicas, Economia Computacional, Modelos ACE, 

Políticas Económicas, Simulações por Agentes. 
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Chapter 1. Introduction 

 

1.1. Motivation 
 

Growing global inequalities is one of the main challenges of our time and it needs to be fixed. 

The increasing disparities among and between populations have contributed with a wide 

range of adverse outcomes and pushing its constituents apart. Inequalities are present in 

many layers of society and vary from class or ethnical discrimination to economic disparities. 

Economic inequalities have reached unprecedented levels, which have raised great concerns 

regarding their impact and consequences. In fact, this theme has raised different viewpoints 

across the political spectrum on how the economy should be functioning but only one 

common ground: income and wealth inequalities are increasing and diminish the possibilities 

of a healthy economy. Controlling the levels of economic disparities within a society can in 

fact promote sustainable growth endeavors as well as mitigate the risks of further social 

instability. 

This is the main theme of the thesis work. Understanding the dynamics behind how 

inequalities emerge in is a key factor to build a fairer modern society. The government 

branches can have a direct impact on the existing economic inequalities and set in motion 

policies to adequately tackle them and promote economic prosperity. Analyzing the outcomes 

of such policies if the unifying theme of this thesis in order to raise new insights on both 

proper methodologies of analysis and inequality dynamics. 

 

Economies are complex adaptive systems. Complex because its constituents are all different 

from each other and adaptive because they take actions in order to change the status quo or 

react to certain circumstances. In fact, the outcome of all the interactions among economic 

entities on the bottom emerges to the top and draws the overall performance of the economy. 

Therefore, through the many interactions of economic agents with simple decision sets, 

complex systems are generated as possible representatives of modern economies. 

Mainstream frameworks of economic research such as DSGE models have taken a top-down 

approach to study economic behavior and analyze the effects of policy orientations. The latter 

have proven inadequate to cope with the recent turmoil in economic phenomena (Fagiolo, 

2012). The agent-based theory provides a fresh and updated framework of analysis that 

minimizes the adversities from the previous methodologies for economic research. The ACE 

(Agent-based Computational Economics) is the application of agent-based theory towards the 

study of economics. ACE models are provided with specific inputs from behavioral economics 

in order to create an artificial society of heterogeneous agents with households, firms, banks, 

markets or governmental branches that interact among each other on a bottom level and their 

emerge of economic activity consequences in the macroeconomic outlook of the society. 
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Therefore the models are striped form exogenous impositions and function with complete 

autonomy in creating their own results. 

 

1.2. Objectives 
The main goal of the present thesis is to help find new answers on how to build a modern fair 

society with special focus on economic inequalities. This purpose is achieved by combining 

the already established insights on income and wealth inequalities with a representative ACE 

platform that simulates different policies to be studied. The first objective is to get an 

understanding on how economic disparities arise in a society, their causes of existence and 

consequent effects. These insights will provide the policy orientations that will constitute the 

scope of economic policy to be analyzed. Then, based on the state of the art of previously 

selected works in the field of ACE, a baseline model is created and properly validated in order 

to serve as the base platform for the subsequent policy analysis. Later on, additions are 

included in the baseline model in order for this to comply with the proper policy analysis 

conducted. The model and its capabilities will be the primary contribute from work. Summing 

up, the objective of the present thesis is to build an ACE model that generates new insights 

on which policies can have a positive impact on diminishing income and wealth inequalities, 

maximize the population’s welfare and at the same time promote economic prosperity. 
 

This work is only possible with a synergy between the author and Diogo Manuel Leal da 

Costa, a student currently attending the Masters in Information Systems and Computer 

Engineering at Instituto Superior Técnico. Diogo is responsible with the computational part of 

the thesis, by programming in Java the ACE model created and running the simulations in the 

Repast platform (Kravari et al. 2015). Diogo is also in charge of conducting a comprehensive 

study on which platforms suit these multi-agent simulations the best. In the following figure, 

the shared objectives and responsibilities of this project are illustrated. 

 

Figure 1. Objectives. 



	 3	

 

This document contains five subsequent chapters: 

Chapter 2. conducts a thorough review on the issue of economic inequalities. A global 

perspective on the emergence of these disparities, its causes, consequences and policy 

orientations is presented. The specific policies to be studied are to be found in this chapter. 

Chapter 3. related to the state of the art of ACE, where specific works relevant to the thesis’ 

theme are closely studied in order to provide a clear theoretical base to the step ahead. 

Chapter 4. presents the baseline model with regard for the work conducted in the previous 

chapter. The baseline model is explained in careful detail. An analysis on its results is 

exposed and validated. Furthermore, a sensitivity analysis is also conducted in order to 

generate more insight regarding the underlying dynamics of the baseline model. 

Chapter 5. presents the AMoSI model, which regards the additional features in need of 

implementation in order to comply with the policy orientations chosen in Chapter 2. Then all 

the various results are evaluated and conclusions are drawn respecting the anti-inequality 

policies as well as the model’s dynamics. 

Finally, Chapter 6. complements and provides a summary on the work conducted, while also 

reflecting on possible future improvements to be done. 
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Chapter 2. Overview on economic inequalities 

 

The present chapter aims at providing an overview on economic inequalities. The first 

subsection resumes the main metrics behind quantitative inequality assessment in order to 

help the reader understanding the principal measurements utilized in the next subsections 

and chapters. Section 2.2., 2.3. and 2.4 present an overview on global economic inequalities, 

their causes and possible policy directions. The causes of inequality help the author 

assessing the scope of the model to be constructed, with choosing the most important 

features to include and undertake. The policy directions provide the final main focus of the 

thesis work and regard which policies to analyse later in the ACE model. These two latter 

sections are complementary because the model must comply with both of these as an 

adequate platform to run the policy simulations. Finally, in subsection 2.5., the Portuguese 

state of affairs of economic inequality is the main focus in order to later converge the model 

structure to the Portuguese reality, to the best of its extent. 

 

2.1. Metrics for inequality assessment 
 

The next paragraphs are reserved to present the principal metrics and indicators behind 

inequality assessment. There are five main axioms that stand as the foundation for a proper 

indicator of inequality measurements1. The Pigou-Dalton Transfer Principle (Dalton 1920; 

Pigou, 1912) states that whenever a monetary transfer from a richer individual to a poorer 

one occurs then it should be registered as an decrease in inequality, while the opposite as a 

increase (Atkinson, 1970; Cowell, 1985; Sen, 1973). The Income Scale Independence stands 

to the fact that inequality indicators must be independent regarding their scale, which means, 

for example, that if incomes in a certain sample all double their value then the registered 

inherent inequality shouldn’t change ( I y = I(αy) ) 2  (Cowell, 1999). The Principle of 

Population (Dalton 1920) assures that whenever two identical populations merge (identical in 

income distributions among its constituents), its overall inequality stays the same. The axiom 

of Anonymity states that inequality is independent from any personal feature of an individual 

only taking its income in mind (Litchfield, 1999). Finally the axiom of Decomposability 

advocate that the overall inequality must be consistent with the intra subgroups inequality, 

which means that whenever a sample within a population changes their income distribution 

(for example top 10% of income earners) then the overall inequality must change along with 

it. 

																																																								
1 See Cowel (1995) for the axiom approach and an extensive tool set of 12 potential measures of inequalities and 
entropy. 
2 In the present subchapter, 𝐼 stands for the inequality indicator, 𝑦 for the list of incomes from a certain population 
under study and 𝑛 the number of individuals within a population. 
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The only measure that holds all of the above mentioned axioms is integrated in the category 

of Generalized Entropy (GE). The most widely used inequality measures are GE indicators, 

the Atkinson class and the Gini coefficient. 

Generalized Entropy (GE): The values of GE measures rage from zero to infinity, with zero 

representing complete equality (no income disparity). The parameter 𝛼 represents the weight 

given to the distances between incomes, indicating how sensitive the researcher would like to 

be towards the inherent inequality. Typically 𝛼 ranges from 0,1 and 2, with values closer to 0 

providing highly sensitive responses to the lower tail of distribution and values closer to 2 

focusing on the upper tail instead3. If no preference is required then 𝛼 equals to 1 applies 

equal weights to all distances between incomes. In the following formulas 𝑦! respects to the 

income of household 𝑖 in a population with 𝑛 constituents and 𝜉  the average population’s 

income. 

𝐺𝐸 𝛼 =
1

𝛼! − 𝛼
1
𝑛

𝑦!
𝜉

!!

!!!

− 1  

(1) 

𝜉 =
1
𝑛

𝑦!

!

!!!

 

 
The Atkinson class: This metric ranges from 0 to 1, where zero stands for complete equality 

and vice-versa (Atkinson, 1970). The parameter 𝜀  (0 < 𝜀 < ∞ ) stands for the inequality 

aversion, analogous to the GE’s  𝛼. When 𝛼 takes values lower than 1, both formulas are 

equivalent (Cowell, 1995). 

𝐴 𝜀 = 1 −
1
𝑛

𝑦!
𝜉

!!!!

!!!

!
!!!

 (2) 

 

The Gini coefficient: The Gini coefficient is the most widely used metric in inequality studies 

even though it is not able to respect the last axiom of Decomposability when subgroups of 

income overlap. The Gini coefficient varies from 0 to 1, where 1 represents one individual 

holding the total income (complete inequality) and 0 means that every member earns the 

same (Gini, 1912). 

𝐺𝑖𝑛𝑖 =
1

2 ∙ 𝑛! ∙ 𝜉
𝑦! − 𝑦!

!

!!!

!

!!!

 (3) 

 

The Mean Log Deviation (MLD): The mean log deviation is also used in econometrics and 

statistics to study quantitative inequalities. Its values range from 0 and the higher the mean 

log deviation the higher the inequality present. Formula (4) represents its mathematical 

representation: 

 

																																																								
3 The upper and lower tail refers to the Pareto distribution and its graphic form (similar to the one in Figure 8). 
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𝑀𝐿𝐷 =
1
𝑛

𝑙𝑛
𝜉
𝑦!

!

!!!

 (4) 

These four metrics are the main metrics used to measure, understand and compare different 

inequality scenarios. In the present thesis work, the Gini coefficient will be the primary 

indicator of how unequal a population of households is within the model to be developed. The 

fact that the Decomposability is not respected, it is not of major concern due to the fact that 

the scope of this work will point to the overall inequality of societies rather than any individual 

layer of income level. 
	

2.2. Global overview on economic inequalities 
 

Widening economic inequalities are the defining challenge of our time. Low economic growth 

and poor economic performance in both in the EU and worldwide have increased concerns 

about wage disparity, income inequality and social exclusion (Brandolini et al. 2010). In fact, 

there are two main types of inequalities: inequality of output and inequality of opportunity. The 

first regards the economic and financial state of individuals including wage, income and 

wealth inequality. The latter relates to social influencers that can be a cause of inequality 

such as gender, birthplace or ethnicity. These two types are in some cases closely related 

and should be jointly addressed when so (Rawls, 1971). In the present thesis both inequality 

of output and opportunity are taken under consideration, aiming to study how income and 

wealth disparities4 along with educational opportunities can drive economic performance and 

steer the welfare of individuals within a society. It is a consensual idea that this issue is 

indeed a major challenge and needs to be addressed (PRC, 2014). 

It is a fact that leaves no doubt. Income and wealth inequality have grown for the past 40 

years and at a fast pace (Piketty et al. 2003; Atkinson et al. 2011). Despite some important 

exceptions to this rule, advanced economies have increased their income inequality while 

EMDC (Emergent Markets and Developed Countries) economies have picked up on 

decreasing their income disparities. 

                     
Figure 2. Net income inequality variance from 1980 to 2012 (Ostry et al. 2014) 

																																																								
4 In this thesis work income is the sum of the wages plus social contributions and tax transfers; market income refers 
to the income before taxes while net income is the post taxes disposable income for households. Tax transfers are, 
for example, unemployment benefits, family benefits or sick pay. 
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Figure 2 shows how income inequality has changed throughout the world in the period 

between 1990 and 2012. It is clear that most of the EU and advanced economies have 

increased this factor while EMDC economies the opposite has happened.  

Advanced economies have seen top income earners taking a larger share of the total income 

generated by the economy (Piketty et al. 2003). In fact, the top 10% of income earners get 9 

times more when compared to the bottom 10% (OECD, 2014). In contrast, a significant 

growth in the middle class for EMDC economies along with redistribution efforts pushed down 

income inequality (Lakner et al. 2013; Tsounta et al. 2014). Exceptions to this rule occurred in 

countries such has China or Russia, where the top income earners had an important impact 

on income inequality increases, setting a break on their own endeavours to diminish them 

(Alvaredo et al. 2013). 

Although the changes in income inequality have been higher in advanced economies, these 

still remain significantly more equal when compared to most EMDC economies. 

 
Figure 3. Income Gini coefficient across OECD countries (OECD, 2014) 

Understanding income inequalities does not lead to one single answer because different 
countries can show structural differences among each other that leave little room for 
comparison5. Within the EU, for example, Germany shows large and sustained increases of 
inequality while France’s income distribution narrows. Switzerland and some Nordic countries’ 
narrow income dispersion (especially at the top) along with high employment rates drive down 
inequality. In other countries such as Belgium, Estonia, Finland or Slovenia, low employment 
rates are positively correlated with inequalities in labour earnings. The UK, Ireland and the 
Netherlands are characterized with a high share of part-time workers that drive labour 
earnings inequalities as well (EU, 2015). Therefore, every solution found must be country-
specific, targeting the crucial factors driving up inequality in the respective situation. 

The great recession of 2008 increased economic inequalities across the globe and was one 

of the causes for a poor economic recovery (Piketty, 2013). OECD (2014) marks the post 

2008 wage cut and fiscal consolidation as the highest ever especially at the lowest income 

																																																								
5 See Hoeller et al. (2012) for clustered segmentation according to inequality patterns across European nations. 
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earners, naturally contributing to an increase in income dispersion. Rajan (2010) even argues 

that economic inequalities intensified leverage and financial cycles, which ultimately lead to 

the crisis. 

Either economic prosperity or crisis seem to increase income inequalities by having top 

income earners accumulating a bigger peace of the pie when the economy grows and loosing 

relatively less in times of crisis when compared with to low income earners. This phenomenon 

is depicted in the following figure, where a steeper growing curve for the top 10% results in 

prosperity times and lower negative slope after the 2008 crisis, when compared to the lower 

income earners. 

 

               

Figure 4. Income historical evolution from 1985 until recent years (OECD, 2015) 

Labour productivity growth outpaces wage increases in most advanced economies because 

higher compensations are attributed to top positions within firms’ hierarchies, and which 

consequences in higher income inequality among households. 

 
      Figure 5. Real average wage and productivity in a few selected economies (Ostry et al. 2014) 
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This fact, along with special concerns with the bottom income earners only, puts additional 

pressure on middle income earners, which poses as a major cause for a shrinking middle 

class across many European and OECD countries (IMF, 2015). Policy over the lower income 

layers must be pushed forward but the middle class cannot the undermined because these 

might be the most important ones driving up equality in the future (Autor et al. 2007; Goos et 

al. 2009). 

 

The top 1% of income earners has 10% of the total income in the US (Alvaredo et al. 2013) 

and half of their income is non-labour income, while the non-labour income is about 30% for 

the top 10%. These layers of the income scale are closer to accumulate some of their 

earnings as well as financial and property dividends, generating more income and wealth. 

In fact, wealth inequality is drastically higher when compared to income inequality. Fuentes 

Nieva at al. (2014) show that half of world’s wealth is owned by the top 1% of the wealth 

scale. This means that about 110 trillion dollars are owned by only this layer, which is roughly 

65 times more than the bottom half of the wealth scale. Great wealth inequality consequences 

in lower investments on health, housing and education precluding households from saving on 

a long-term basis and undermining a country’s potential future (Perotti, 1996; Aghion et al. 

1999). 

 

The implications of economic inequalities are vast. From damaging trust and social cohesion, 

precluding economic growth, promoting macroeconomic instability, enhancing concrete 

political and decision making power in the hands of few, suboptimal use of human resources, 

raising risks of crisis, among many others6. In fact, there is a growing consensus that 

economic inequality leads to more fragile and less sustainable growth, while more equal 

economies sustain growth (Berg et al. 2011; Ostry et al. 2014).  

Economic inequalities affect growth by striping low-income families with the ability to stay 

healthy and accumulate physical and human capital (Galor et al. 2004), underinvestment in 

education affects future labour productivity (Stiglitz, 2012) and reduces levels of mobility 

(Corak, 2013). 

There are important arguments that nevertheless advocate in favour of some presence of 

inequality, as for example, Lazear et al. (1981) argue that inequalities provide incentives for 

innovation and entrepreneurship stating that complete equality is not also positive for an 

ecomony; Kaldor (1957) argues that increased savings and investment are injected if rich 

people have higher fraction of the income; and Clesseus et al. (2007) argues that some anti-

inequality policies can eventually harm growth. 

 
 
 
 
																																																								
6 See (Lichbach 1989; Alesina et al. 1996; Rodrik, 1999; Bardhan, 2005; Picketty, 2014; Saez et al. 2015; Kopczuk, 
2015) for a comprehensive discussion. 
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2.3. Causes of economic inequalities 

 

Kierzenkowski et al. (2012) indicate three main causes for economic inequalities: i) 

technology changes and crowding out of routinized work; 2) globalization, free trade and 

outsource and 3) diminishing labour market institutions and minimum wage. 

Technology changes refers to updating the status quo of the technology being deployed in 

the workplace, which demands for continuous workforce training in order for the company to 

remain competitive in their business environment. New technology vintages increase 

productivity and are a sign of evolution. These will increase demand for a properly skilled 

labour force, raising the gap to lower skilled labour while eliminating work places during the 

process due to automation. Therefore technology developments are aligned with an increase 

in economic inequality (Card et al. 2002; Acemoglu, 1998). 

Trade globalization has enhanced competitiveness and efficiency fuelled by free-trade 

agreements and open markets. The same globalization (along with financial flows between 

countries) has been an engine for economic inequalities as well. Offshoring manufacturing 

and the ability from firms to implement labour-saving techniques have driven unemployment 

upwards along with inequality in advanced economies (Feenstra et al. 1996). Munch at al. 

(2009) argue that the effect of lowering unskilled labour wages in advanced economies 

should be compensated by lower import prices due to cheaper offshore manufacturing. In 

another perspective, financial globalization introduces direct foreign investments typically in 

high technology sectors (high skilled labour demand grows), which can lead to the same 

results as in the past paragraph (Willem te Velde, 2003). 

Finally, the last key driver presented by Kierzenkowski et al. (2012) is the diminishing labour 

market institutions and minimum wage. Labour markets institutions define the framework 

conditions under which labour markets operate; these can include centralized unions, 

ministries or regulations. Higher labour market flexibility, present in more deregulated working 

environments, pushes incomes down because of reduced bargaining power due to the lack of 

unionized workers (Frederiksen et al. 2010). Alvaredo et al. (2013) mention that better human 

resource allocation for firms can pose a problem for low-skilled workers. Wage fluctuations 

are higher in more deregulated environments (Clar et al. 2007). Also reduced minimum wage 

relative to average wages increase inequality (Jaumotte et al. 2015), while social security 

contributions fuel equality (Calderon et al. 2009).  

Both technology changes and globalization are key drivers for inequality. Only there is little 

policy makers can do directly to diminish them, mainly because these are also crucial for 

growth and prosperity. Therefore other solutions must be found (Gabax et al. 2008). In the 

following subsection, some important policy directions will be taken into consideration, which 

will ultimately be the objects of analysis for the present work. 
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2.4. Policy directions against economic inequalities 

 

Before beginning, it is important to state some important findings regarding policy orientation 

to prevent economic inequalities. First of all, it is possible to be pro-equality and pro-growth at 

the same time; larger fiscal transfers might not necessarily be incompatible with growth but 

these can also not be the most effective; it is possible to be pro-labour and pro-business at 

the same time and policies supporting social inclusion is not a luxury only for rich countries 

(World Economic Forum, 2015). There is no internationally recognized policy framework to 

guide countries into a more equal society; in fact, all policy directions should be country-

specific since there is no solution that fits all at once. Empirical evidence can even sometimes 

be scarce and unreliable in this issue7.  

In order to undermine the impact of economic inequalities, primary preferences are given to 

three major policy vectors. These are: welfare policies through redistribution packages 

policies towards labour market flexibility restrictions and lastly policies to promote 
education amongst households. The first policy direction will limit the scope of the present 

thesis work but still a few references are provided in the next paragraphs towards the labour 

market and education structure analysis as it is of crucial importance in this issue. 

 

Labour Market Policy Directions 

The labour market is often the starting point of income and wealth inequalities, so a closer 

analysis must be conducted in this respect. The decline in unionizing employees decreases 

their bargaining position towards the respective employers; this fact can push down labour 

compensations (DiNardo et al. 1996). Unions can also have a positive effect on redistribution 

due to enhanced labour rights (Betcherman, 2012). The next figure presents how unions are 

present across different selected economies. 

 

Figure 6. Union Rate by country group in percentage (Ostry et al. 2014) 

																																																								
7 Solt (2009) presents important cross-country data on the issue of economic inequality. It is important to pay close 
attention when comparisons are being made due to the fact that every country may have their own specific 
characteristics. “What can we assess from looking at the forest and not the trees?” 
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From the Figure 6 it can be assessed that diminishing unions is a common trend worldwide in 

the past two decades. Still some conclusions can be made regarding the relationship 

between unions and equality. Strong labour market unions have the ability to drive equality 

(Sweden or Denmark) but at the same time it can be of danger to some economies (Portugal 

or Spain) where consequences of high structural unemployment and loss of competitiveness 

were registered (IMF, 2014). 

The minimum wage is also frequently an issue under scrutiny. Lee (1999), Teulings (2003) 

and Piketty et al. (2006) argue that decreasing the minimum wage is a cause for economic 

inequality growth. On the other hand specific discussions over how much the minimum wage 

should be is adequate because high unemployment rates amongst unskilled workers along 

with loss of competitiveness can be reached when the minimum wage is set too high (IMF, 

2014). 

In respect of labour market institutions, other policy analysis can be taken under 

consideration such as policies aimed to reduce labour market imperfections (asymmetric 

information for example) and institutional failures, policies to support job search, skill 

matching endeavours, reducing the gap between temporary and permanent workers or even 

increasing market flexibility to new heights. 

 

Education Policy Directions 

As mentioned above, technology changes and globalization (to a certain extent) are key 

drivers of inequality because these have the power to eliminate workplaces while increasing 

demand for high skilled workers. In order to respond to this trend, investing in higher 

education and training is a vital answer.  

Figure 7. Education Gini coefficient and education percentages in different economic settings (Ostry et al. 

2014) 

 

As Figure 7 shows, education disparities within EMDCs has fallen in the last 60 years, which 

is due to improvements in education levels fueled by governmental and households’ 
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investments (Castello-Climent et al. 2014). On the other hand, in advanced economies, the 

education Gini coefficient does not change as drastically. In fact, in some European countries 

tuition fees are fully subsidized by the state while in other like the US, university costs have 

increased at a higher pace compared to households’ incomes (Federal Reserve, 2014). The 

latter figure (bar graph on the right) also shows almost a direct linear correlation between 

education levels and economic performance. On the other hand, Crivellaro (2014) concludes 

that overeducation can have a negative effect on wage inequalities by allowing lower wage 

premium over higher skilled workers. Becker et al. (1996) respond in fact that increasing 

education levels can impact in positive or negative ways towards economic inequalities, 

stating that these will depend on the rates of return of education investments. Therefore, it is 

crucial to understand that again, policy responses must look at the country specific reality and 

outlook, targeting economic sectors in need of correction. 

 

 

Wealth Redistribution Policy Directions 

Meltzer et al. (1981) defend that economic inequalities pressure redistribution efforts. There 

are different choices to be made regarding where to invest upon the state budget. 

Governments might choose to invest (for example) on infrastructure, health, education, social 

transfers or public enterprises. These choices might dictate which kind of redistribution 

influences growth and what outcome to expect from them. In general, redistributing tax 

revenues is beneficial due to the fact that it increases low-earners opportunities paving their 

way to a better future. The opinions are also divided in this issue, while Benabon (2000, 

2002) and Bleaneyet al. (2001) say that public spending in infrastructure, health, education 

and social insurance provisions might be pro-growth, Okun (1975) argues that redistribution 

hurts growth due to lower labour and competition incentives. In fact, saying that greater 

equality favours economic growth does not necessarily mean that redistribution is good for 

growth as well. It is not only about how to redistribute but also how to tax households and 

firms. Progressive taxation, wealth and property taxes (accumulated on the rich), fighting tax 

evasion and avoidance, better targeting on social benefits are some measures that have 

been proven to lower economic inequalities while at the same time promoting growth (CBO, 

2011; IMF, 2015). As seen above, policies should target primarily the poorest layers of the 

income scale at the same time with the stagnant middle class to promote sustainable growth 

(well targeted policies).  

 

2.5. The case of Portugal 
 

The present subsection aims at briefly narrowing the scope of the economic inequality study 

to present some of the most important features in the case of Portugal. 
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Within the EU (27), Portugal is one of the most unequal countries regarding income inequality 

(Brandolini et al. 2010). In fact, according to the EURO-SILC 2011 (Statistics on Income and 

Living Conditions), Portugal ranks 25th in 27 places with an overall income inequality of 34.3 

(Gini), 11.4% above the European average of 30.7.  

 
Figure 8. Net Income distribution by income level (INE, ICOR 2010) 

 
Figure 9. Net income distribution per income share (INE, ICOR 2010) 

 

From Figure 8 it can be concluded that Portugal has an evidently asymmetric income 

distribution profile, with less than 10% of the population earning more than 19 thousand euros 

and less than 0.9% earning more than 40 thousand. Figure 9 depicts this same income 

distribution in a different perspective:  it shows the disparity between the bottom 5% of 

income earners getting only about 1.1% of the total income pie, while the top 5% absorb 

16.2%.  

The relative purchasing power from the Portuguese population is also among the lowest ones 

in Europe, ranking the 18th position (out of 27 EU countries) in 2009 (Farinha Rodrigues et al. 

2012). 

A significant part of this income inequality originates with a substantial wage inequality in the 

first place, with Portugal ranking the lowest with a wage inequality of 41.4 (Brandolini et al. 

2010). 

The main reasons behind such high levels of economic inequality are result of gender, age 

groups, professional qualifications, professions, firms’ size, economic sectors, 

antiquity among others. In light of Farinha Rodrigues et al. (2012) some of these factors’ 



	 15	

evolution will be summarized in the next paragraphs. The following figures picture inequality 

in yellow dotted line measured in the right hand axis and representing the mean logarithmic 

deviation (MLD), while the normalized average income (measured on the left hand axis) is 

relative to the average income of the whole population.  

 

 
Figure 10. Normalized average income according to Qualifications 

 
Figure 11. Employment structure according to Profession 

 
Figure 12. Normalized average income according to Education levels 

 
Figure 13. Normalized average income according to Firms’ sizes 

Source: MSSS/GEP (1994, 2004 and 2009) 

 

Brandolini et al. (2011) proved a narrower wage gap with women’s participation in active 

employment. Gender income inequality is present in the case of Portugal, where woman get 

paid about 21% less (in 2009) when compared to the respective average male worker, this 

number has decreased from 26% in 1994 and woman’s participation in the labour market has 

increased from 39% to 44%. The increase in retirement age aligned with a later entry of 

young workers in the labour market has shifted the age structure in the labour market, driving 

higher inequality with it. 

Low levels of professional qualifications are typically appointed as a main factor of wage 

inequality and loss of competitiveness in the Portuguese economy. In Figure 10 it can be 

observed a wage decrease for senior employees and higher inequality at the same time. The 

opposite happened for the lower branch. The levels of professional qualifications represent 

the highest factor driving Portuguese wage inequality in labour markets, with an increase from 

36% to 50% from 2004 to 2009 (Farinha Rodrigues et al. 2012). 

Right after professional qualifications comes the impact of professions held by the 

Portuguese labour force. More than half of workplaces are of administrative staff, operatives 

and service related workers, with the latter showing the highest increase amongst them. From 

1994 to 2009, there was a significant increase in scientific specialists with higher education 

degrees. From Figure 11 it is possible to notice a downwards trend in income amongst the 

profession groups, with an increase in wage inequality only in senior executive roles, which is 

a key possible influencer inequality at the top of the scale. 
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There was an evident improvement in education levels within the Portuguese active 

population from 1994 to 2009; only this increased educated labour supply didn’t keep the high 

paid salaries. In Figure 12 it is evident that a decrease in nominal wage payment for the 

higher education branch of the population is present, along with an increase in wage 

disparity. 

The firms’ sizes are the fourth major factor influencing wage inequality in the Portuguese 

labour market. The majority of the Portuguese economic tissue is composed by 

microenterprises8, bur large corporations take about 49% of the active population (in 2009). 

From Figure 13 it is possible to notice a clear positive correlation between wages and the 

firms’ sizes, by having large enterprises paying on average 35% more when compared to the 

total average salary. In the latter figure, a slight increase in wage disparity is also noticed 

when the firms’ sizes increases is observed. 

 

Portugal has been able to conciliate high relative levels of economic inequalities while at the 

same time maintaining and improving social welfare for its population. Even if there is still a 

long path ahead to build a more equal society, Portugal has incrementally improved economic 

inequalities converging towards the mean average of its European constituents. The slight 

decrease in economic inequalities from 1993 to 2008 has been registered due to higher 

resource availability for low income households, result of social welfare policies to combat 

poverty and low living conditions. 

 

2.6. Final Remarks 
The present chapter serves as a contextual overview on the state of affairs of income and 

wealth inequalities both in Portugal and worldwide. Economic inequalities are present and 

have consistently increased in advanced economies throughout the decades. These have 

proven to threaten social cohesion, preventing economic growth and promoting political 

instability.  

Assessing the main causes of these disparities is a tipping point towards framing the initial 

possible solutions for this issue. Special attention is paid to the role of diminishing labour 

market conditions, globalized trade and education inequalities. In order to combat these 

causes, focused policy directions must be introduced and their result analysed. Therefore, 

this chapter presents the first policy orientations that later will serve as an input for the policy 

analysis to undertake in the ACE model ahead. There is an imposition on understanding the 

impact of wealth redistribution policies upon both economic performance and inequalities. 

The latter policy orientation is the one targeted in the present thesis work. 

  

																																																								
8 Micro enterprises are composed of a labour force with less than 9 employees, while medium enterprises include 
from 10 to 49, medium enterprises with 50 to 249 and large enterprises from 250 onwards. 
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Chapter 3. State of the art of Agent-Based Computational Economics 

 

As mentioned before, ACE has been used to study various economic environments by 

constructing a relevant model in line with the requirements needed. It is still far from being a 

tool in the centre of modern economic policy analysis due to both a lack of empirical model 

validation and robustness checks but its importance has been increasing in the past decade 

(Dawid et al. 2008). A comprehensive study about the origin of ACE and its types of agents is 

conducted by Chen et al. (2012). 

 

Schelling (1978) hypothesised in his paper that the emergent macro behaviours can not be 

assessed as the summation of the individual parts. This study later influenced Miller (2004) 

on his paper about the “Standing Ovation Problem” where new insights and suggestions were 

made about modelling implementation in complex social dynamic systems. 

An extensive discussion on the relationship between structuring heterogeneous agents and 

their relation to the macroeconomic emergent patterns was assessed in Pyka and Fagiolo 

(2007), Axtell (2010) and Kirman (1997). 

ACE applications are spread along a wide range of fields and themes. Malerba et al. (2002) 

studied industrial policies and market designs with special regard for anti-trust, entry-support 

and public procurement policies and its consequences on the evolution of industry 

concentration and technology changes. Fagiolo (2004) and Tassier (2005) delivered new 

insights about the labour markets and its dynamics. Chen and Chie (2005) used an agent-

based model to capture the reason why taxa rates differ amongst countries with regard for 

social learning adaptive behaviour in the lottery markets. Micola et al. (2006) evaluated the 

value chain of the electricity market and the relation between the wholesale and retail market 

conditions. Happe at al. (2006) aimed at understanding the consequences of agriculture 

subsidies in order to provide potential orientation in policy design for the agriculture state of 

affairs within the EU. Offner (2008) constructed an ACE model to study the impact of 

monetary policy from a central bank on its economy. Economic and fiscal policy studies have 

been undertaken in the works from Dosi (2005) and Neugart (2008). Mannaro et al. (2008) 

created an agent-based model with the aim of reducing speculation in the financial markets 

by stabilizing foreign exchange and stock markets with Tobin-tax related policy designs. The 

financial markets have also been a focus in works from LeBaron (1998) and Kyrtsou (2008). 

Ciarli et al. (2008) aimed at studying the effects of changes in production and consumption 

patterns upon economic growth and income distribution. Dawid et al. (2013) created an ACE 

model to understand the effect of technology oriented cohesion policies upon economic 

inequalities. Riccetti et al (2013) explored the effects of government intervention in the 

macroeconomic dynamics through unemployment benefits. At last, Tesfatsion (2008) and 

Lengnick (2013) generated a baseline example of an agent-base economic model, which 

results and reflects a few key important behaviours from macroeconomic phenomenon. 
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The final objective of each study is essential to grasp the scope of the respective model; thus 

making the projects’ focus a crucial influencer of the designed model. In the present 

document, a comprehensive research of a few applications of ACE is made in order to have a 

baseline idea of how to conduct and build an ACE model aimed to study economic 

inequalities.  

From the vast selection of works under the ACE domain, six were primarily selected and 

carefully reviewed. These papers were chosen because of their close links to the theme 

behind this thesis work, they successfully defined some of the most important agents and 

interactions behind an ACE economy and together provide a relevant picture on how a model 

should be put forward. These are: 

 

• Agent-based Computational Economics: A Constructive Approach to Economic 

Theory, Leigh Tesfatsion (2005) 

• An Evolutionary Model Embedded in an Agent-based Computer Simulation, Marc 

Oeffner (2008) 

• Structural Change of Production and Consumption: A Micro to Macro Approach to 

Economic Growth and Income Distribution, Tommaso Ciarli, André Lorentz, Maria 

Savona and Marco Valente (2008) 

• Unemployment Benefits and Financial Factors in an Agent-based Macroeconomic 

Model, Luca Riccetti, Alberto Russo and Mauro Gallegati (2013) 

• Cohesion Policy and Inequality Dynamics: Insights from Heterogeneous Agents 

Macroeconomic Model, H. Dawid, P. Harting and M. Neugart (2013) 

• Agent-based macroeconomics: A baseline model, Matthias Lengnick (2013) 

 

Each of these models has particular interest for our study and can provide beneficial insights 

and ideas that will steer our model in the adequate direction.  

Through the following subsections each of the above mentioned works will be described in 

detail. It is important to understand the reason behind the authors’ particular choices and its 

relation to the main focus of their study. The objectives of each project will be examined, what 

types of agents there are in each model (along with their behaviours), and how the 

relationships among them is established.  

Every formula presented forward will have the same notation in order to standardize the 

reading and its understanding. The indexes k, f b and T stand for household, firm, bank and 

period respectively. A complete list of the notation can be found in Appendix A.1. 

  



	 19	

3.1. Agent-based Computational Economics: A Constructive Approach to Economic 

Theory, Leigh Tesfatsion (2005) 

 

Leigh Tesfatsion outlines the baseline framework for ACE models called the ACE Trading 

World. The ACE Trading World is the output of an acknowledgement of the lack of economic 

behaviour from agents due to the existence of the Walrasion auctioneer in traditional 

economic models. The Walrasian auctioneer is a mechanism of price determination that 

ensures perfect competition market clearings amongst consumers and firms. This method 

strips the agents from strategic behaviour as agents’ interactions are centralized and face-to-

face interactions aren’t permitted (Moffatt, 2015).  

In this paper, Tesfatsion removes the Walrasian mechanism from its model and faces the 

importance of having a valid and realistic procurement process between the constituents as a 

substitution. This effort will face firms with insolvency risks and households can face death if 

unable to meet their most basic needs. 

The ACE Trading world is a bi-product economy constituted of two main sectors: households 

and consumer goods firms. This economy produces hash and beans as substitute products, 

which are at the households’ disposal each round after production. Each simulation round 

counts as one year. 

The capital sector, typically used to expand and improve consumer goods firms capital 

requirements and technology deployed for production, is replaced by a market price for 

capacity units. The labour market is not mentioned in the paper, as it is not clear that 

households are mobilized for production processes at the firms.  

It is clear that the purpose of this model is to create a suitable procurement process 

(consumer goods market) bridging households and firms, therefore leaving the capital firms, 

the financial system and the government out the its scope. The following paragraphs specify 

the agents’ behaviours and their connections: 

 

3.1.1. Households 

In Tesfatsion’s model, Households have three main sources of income: savings from previous 

periods, an exogenous money endowment and dividends distributed by firms at the end of 

each period: 

 

Inc! 𝑇 = Sav! 𝑇 − 1 + Endow! 𝑇 +
Div!(𝑇)

! ! !!(!)
!!!

K(𝑇)
 . (5) 

 

As it becomes clear in the previous equation, dividends (Div!(𝑇)) are distributed evenly from 

both types of firms among all households and paid at the beginning of each period since this 

source of income is at the households’ disposable on the same period for consumption 

purposes. The number of hash and beans firms at period T is depicted as H(T) and B(T) 
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respectively. Inc!(𝑡) stands for the k-household’s income of period T, Sav!(𝑇 − 1) for savings 

from the previous period and Endow!(𝑇) for its exogenous money endowment. 

Savings at the end of each period is the total income of that period accounted with the 

household’s expenditure on hash and beans products, Exp!(𝑇), from the same period: 

 

Sav! 𝑇 = Inc! 𝑇 − Exp! 𝑇     . (6) 

 

 

Regarding households’ decision to consume, these agents feature an essential primacy of 

survival, which means that above all their main primary focus is to meet their most basic 

needs – subsistence needs. After coping with this requirement, households try to maximize 

their utility by consuming the remaining available hash and beans products on the market, 

always constrained by their budget (remaining Inc!(𝑡) ). Each household have its own 

preference between hash and beans products, which will provides heterogeneities among 

household consumer patterns. This process will be taken into more detail in a few 

paragraphs. 

 

3.1.2. Consumer Goods Firms 
Hash and beans firms are responsible for producing and pricing their products. Firms only 

deploy capital into production and their cost structure incorporates both variable and fixed 

costs9: 

 

TCosts! 𝑇 = S! ∙ 𝑦!! 𝑇 ! + R! ∙ y!! 𝑇 + 𝑓!Cap! 𝑇 + F! , (7) 

 

where 𝑦!! 𝑇  is the number of products supplied (produced) by firm f; Cap! 𝑇  is the capital 

required to produce 𝑦!! 𝑇  and is charged at 𝑓!. Furthermore, S!, R!, 𝑓! and F! are all given 

constants. After the procurement process takes place, the firm sells 𝑦! 𝑇  from 𝑦!! 𝑇  and the 

final profits from period T can finally be calculated (if priced at 𝑝! 𝑇 ): 

 

Profit! 𝑇 = 𝑝! 𝑇 ∙ 𝑦! 𝑇 − TCosts!(𝑇) . (8) 

 

At the end of each period, every firm calculates their Net Worth, which will determine whether 

the company is able to progress to the next period or if it leaves the economy facing 

insolvency. Also at the end of each period, firms allocate their generated profits depending on 

the current state of affairs of their economic outlook, resulting in three possible states: i) 

capacity investment state, ii) precautionary savings state and iii) contractionary state. 

																																																								
9 The following equations are expressed towards both hash and beans firms using the letter y. Since all equations for 
both types of firms are the same, it wasn’t necessary to differentiate between hash and bens products. 
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If profits are nonnegative and current sales are at maximum capacity, firms allocate some 

their profits (1 −𝑚!) to capital investments, another portion to pay dividends (𝑑!) and the 

remaining (1 − 𝑑!) is saved. This will represent the capacity investment sate (i): 

 

Sav! 𝑇 + 1 = (1 − 𝑑!) ∙ Sav! 𝑇 +𝑚!

∙ Profit!(𝑇)  

(9) Cap!(𝑇 + 1) = Cap!(𝑇) +
1 −𝑚! ∙ Profit!(𝑇)

𝜌!
 

Sav! 𝑇 + 1 = (1 − 𝑑!) ∙ Sav! 𝑇 +𝑚! ∙

Profit!(𝑇)  . 

 

If profits are nonnegative and current sales aren’t at maximum capacity, the firm is in its state 

of precautionary savings. During this state 𝑚!  is equal to 1, which means there is no 

capacity investment and the firm saves a fair share of its profits while also paying dividends to 

households. 

Finally the contractionary state is when the firm’s profits are negative, thus making the firm 

use its resources (savings) to cover for its losses. The firm can also sell its capacity at capital 

goods market price ρ! with infinite demand  

 

Firms enter the consumer goods market with a supply offer (𝑦!!, 𝑝!) of a number of products 

𝑦!! at its unitary price 𝑝!. Pricing the marketed products follows a mark-up decision based on 

the products’ marginal costs as represented in the following formula, where 𝜂!  is a 

behavioural parameter from each firm and 𝑀𝐶! is the marginal cost from the respective firm: 

 

𝑝!(𝑇) = 𝑝!(𝑇 − 1) ∙ 1 + 𝜂! ∙
𝑝! 𝑇 − 1 −𝑀𝐶!(𝑇)

𝑀𝐶!(𝑇)
 (10) 

 

The supply offer decisions taken by firms can improve over time by using reinforcement 

learning algorithms (RL), which will adapt firms’ behaviours in accordance with the current 

economic environment. This method aims at repeating the actions that were positive for the 

firm’s performance and weaken those that produce unfavourable results. This algorithm 

generates heterogeneities for firms since each of them will take its own path and own 

decisions. 

 

3.1.3. Consumer Goods Market (Price Discovery Process) 
As stated above, the objective of the presented paper by Tesfatsion was to pluck out the 

Walrasian auctioneer by replacing it with a procurement process that bridges households and 

firms. This market allocation process is then essential for this specific model and was later 

used in many research papers on this field. The next paragraphs grasp this process. 
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The procurement process starts when all firms have their supply offers ready and ends if all 

households’ unspent income is zero or all firms stock out their products. The process consists 

of a sequence of rounds with fixed offer price, from the cheapest at the beginning to the most 

expensive products at the last round. The process moves forward (to the next round) when 

the cheapest hash or beans firms stocks out their available products and the next cheapest 

firm offer faces the residual demand.  Households are selected randomly to take part in the 

procurement process and firms are displayed in order according to their price. Lets take the 

example of a random round. To this purpose it was used the notation h and b to mention hash 

and beans’ respectively, a notation which won’t be used forward in this document after this 

sub-section: 

A household k still has an unspent income of Inc!∗  and has already bought from previous 

rounds making its net subsistence needs ℎ!∗  and 𝑏!∗10. These needs are the household’s 

primary objective to satisfy because of their primacy to survive, as stated above. 

If there is only one bean firm that hasn’t stocked out and ℎ!∗ > 0 or 𝑝! ∙ 𝑏!∗ > Inc!∗  then the 

household leaves the economy because it cannot meet its needs. If not, 

 

ℎ!! = 0 ; 𝑏!∗ > Inc!∗/𝑝! (11) 

 

and vice-versa if the stock out is at the beans firms. 

If there are no stock outs from firms, the following equation must stand in order for the 

household not to leave the economy: 

 

𝑝! ∙ 𝑏!∗  + 𝑝! ∙ 𝑏!∗ ≤ Inc!∗  . (12) 

 

If all subsistence needs are met, the household consumption pattern tries to maximize its 

utility (taking in mind each household preferences - 𝛼!) and given its budget constrains: 

 

𝑈!∗(ℎ!! , 𝑏!!) = ℎ!! − ℎ!∗
!! ∙ 𝑏!! − 𝑏!∗

!!!!  , (13) 

𝑝!! ∙ ℎ!! + 𝑝!! ∙ 𝑏!! ≤ Inc!∗  , (14) 
ℎ!! ≥ ℎ!∗   ;   𝑏!! ≥ 𝑏!∗  , 

 

where 𝑝!! is the current cheapest hash product in the market, thus facing first demand. Finally 

ℎ!! and 𝑏!! are the demanded quantities of hash and beans form consumer k respectively. 

 

As explained, each round consists of the best offer form the supply by both hash and beans 

firms (cheapest offer) and households are supplied randomly.  

																																																								
10 Given that every household must address its subsistence needs in order to keep living, ℎ!∗  and 𝑏!∗  represent the 
remaining subsistence requirements that household k must consume. These will be less the original subsistence 
needs because our hypothesis states that the household has already consumed form rounds prior to the present one. 
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Different forms of rationing methods are carried out whenever households aren’t able to 

satisfy their demands leaving the procurement process with ℎ!! ≤ ℎ!! ≤ ℎ!∗  and 𝑏!! ≤ 𝑏!! ≤ 𝑏!∗ . 

 

3.1.4. Labour Market 
Little is referenced about the labour market in this paper. There is no mention about how the 

interactions between consumer goods firms and households takes place but from the outline 

of the model, it is safe to say that households are passive in the labour market because they 

do not hold any responsibility about their respective workplace. 

3.1.5. Capital Goods Firms and Market 
There is no capital sector or capital market in this model but there are capital goods. An 

unlimited amount of capital goods can be provided to consumer goods firms at a single price. 

The whole capital sector and market is therefore replaced with a single price of capital, which 

will provide consumer goods firms the opportunity to grow their tangible assets deployed for 

production processes.  

3.1.6. Financial System, Government and Welfare 
In the ACE Trading World designed by Tesfatsion there is no presence of a financial system 

or Government. Firms are responsible for financing all production endeavours by their own 

means without any credit resources or issuing debt. There are no taxes or benefits paid from 

any governmental institution as well as any economic policies pushed. 

 

3.1.7. Final Analysis 
This paper reviews some important assumptions carried out by traditional economic models 

and removes the market clearing mechanism from the consumption goods market, replacing 

it with a price discovery process. It uses a simple model but with important features such as 

the presence of heterogeneities among all agents, learning behaviour and a decentralized 

market economy with monopolistic competition. 

There are some limitations in the model as well, like the lack of a labour market connecting 

employing households in firms, the absence of financial and capital markets, there is no 

government interfering (consumer goods market is not regulated), the price discovery process 

is static, it is a closed economy among others. Regardless of its limitations, this model serves 

as a stable and strong baseline for a decentralized market economy. 

 

 

3.2 An Evolutionary Model Embedded in an Agent-based Computer Simulation, Marc 

Oeffner (2008) 

Marc Oeffner’s project can be inserted in the branch of monetary macroeconomics. It aims to 

deliver a normative understanding on how the interest rate policy from the central bank 



	 24	

tackles both economic outcome and performance. Oeffner has developed a bi-product 

decentralized market economy with perishable goods and four main sectors: households, 

consumer goods firms, capital goods firms and a financial system. It has a closed monetary 

circuit and the economic policy is exercised through interest rates from the central bank. 

Products supplied by consumer goods firms are similar to the ones at Tesfatsion’s model 

(hash and beans), but the markets’ characteristics differ substantially. There are three main 

interactions among agents: a consumer goods market, a capital goods market and a financial 

market. 

  

3.2.1. Households 
Households appear across a considerable range of areas in this model: they buy 

consumption goods from firms, work in both capital and goods firms, collect dividends from 

the same companies and deposit their savings in the bank with a certain interest rate.  

These agents make two main decisions, which consist on whether they should spend or save 

their disposable income and which actual products to buy. Households must meet their 

subsistence needs but if they are not able to do so, then a loan can be provided from the 

bank to counterbalance. Dividends from hash and beans firms are paid evenly across every 

worker within the company; this means that households own all of consumer goods firms’ 

equity and might also be responsible to finance them when in danger of insolvency. 

Therefore, it becomes clear that households have several sources of income: wages from 

work (Inc!!(𝑇)), dividends from firms (Inc!!(𝑇)) and interests from banks (Inc!! (𝑇)): 

 

𝐼𝑛𝑐!(𝑇) = Inc!!(𝑇) + Inc!!(𝑇) + Inc!! (𝑇) . (15) 

 

Savings’ decision is of primary importance in this model because Oeffner tries to understand 

the relationship between interest and savings rates, including the very concept of opportunity 

cost for this decision. This is related to the fact that some of the subsistence needs can be 

financed through a loan at the bank.  

Every source of income will have its own savings rate because each carries a different 

propensity to be spent; therefore, the consumption decision is: 

 

𝐶! = 1 − 𝑠!! ∙ Inc!!(𝑇) + 1 − 𝑠!! ∙max 0, Inc!! 𝑇 + 1 − 𝑠!! ∙ Inc!! (𝑇) + 𝐸𝑥𝑝!(𝑇) , (16) 

 

where 𝐸𝑥𝑝!(𝑇) stands for non-consumption expenditures. The different savings rates vary 

over time depending on interest rates, expected inflation and growth rate of disposable 

income. 

After deciding on what portion of disposable income to spend, households calculate their 

demand on hash and beans products by maximizing their utility given their previously 

determined budget constraints, similar to Tesfatsion’s approach. 
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3.1.2. Consumer Goods Firms 
Consumer goods firms are responsible for hash and beans production, employing and paying 

dividends to households. They can also expand their capacity by acquiring new capital goods 

with different productivities. 

Firms decide on their production volumes, taking in mind that they must try to sell all of the 

produced good given the perishable nature of their products. The production decision is 

consistent with a mark-up proposition based on the unitary marginal cost of production (MC!): 

 

𝑦!!(𝑇) = 𝑦!!(𝑇 − 1) ∙ 1 + 𝜃!
𝑝!(𝑇 − 1) −MC!(𝑇 − 1)

MC!(𝑇 − 1)
 (17) 

 

where 𝜃!(0<𝜃!<1) can be translated as the output stickiness towards the mark-up changes.  

The marginal cost can be calculated after assessing the current production output. Capital 

(Cap!) and labour (L!) are both deployed in production, which is expressed by Cobb-Douglas 

production function (Hicks, 1996): 

 

   𝑦!!(𝑇) = A! ∙ 𝑓 L! , Cap! = A! ∙ L!
!! ∙ Cap!

(!!!!) (18) 

 

where 𝛽!  (0< 𝛽! <1) corresponds to the output elasticity towards labour changes. The 

parameter A! objectifies firm’s productivity, which relates to the technological status quo and 

also provides heterogeneities among firms. 

Post to determining firm’s output for the period and given the nominal wage of labour (𝑤𝑎𝑔𝑒!), 

Equation 18 can be rearranged in order to calculate both unitary marginal costs (Equation 19) 

and labour requirements (Equation 20): 

MC!(𝑇) =
𝑤𝑎𝑔𝑒!
𝛽!

1
A!

!
!! 1

Cap!(𝑇)

!!!!
!!

𝑦!!(𝑇)
!
!!
!!

 (19) 

𝐿!(𝑇) =
𝑦!!(𝑇)

A!(𝑇) ∙ Cap!(𝑇)
!!!!

!
!!

 (20) 

 

It is assumed that all households are evenly divided among the firms, which means man-hour 

capacity will be equal among all companies.  

 

3.1.3. Consumer Goods Market 
The consumption goods market from this model features conditions of perfect competition. 

Therefore, prices for consumptions products are the same among firms and every household 

is provided with the respected demanded quantities (Samuelson, 1981). The price conditions 
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are reached through a tâtonnement11 process bridging supply offers from firms and demands 

from households. It is now clear that featuring hash and beans products as perishable looses 

relevance, due the fact that all aggregate demand will be consumed under perfect 

competition conditions (Leijonhufvud, 2006). 

3.1.4. Labour Market and Wage Dynamics 

Households are passive in the labour market, which means they must work whenever their 

company wants to produce, always guaranteeing income from wages as long as the firm 

produces a volume bigger than zero. Agents do not have any responsibility on choosing 

which firm to work to as well. 

In this model every household gets the same wage due to the existence of active unions. 

Even though the labour market is not under the scope of this project, the wage dynamics are. 

Unions and firms set the nominal wage at the beginning of every period. This nominal wage is 

based on both the expected inflation rate (result of the monetary policy) - 𝐸𝑥𝑝𝑖(𝑇), and 

expected output gap 𝐸𝑥𝑝𝑌(𝑇), which forecasts how much the whole economy will grow. The 

prior is the only factor influenced by the unions: 

 

𝑤𝑎𝑔𝑒!(𝑇) = 𝑤𝑎𝑔𝑒!(𝑇 − 1) ∙ (1 + 𝐸𝑥𝑝𝑖(𝑇) + 𝜆 ∙ 𝐸𝑥𝑝𝑌(𝑇)) , (21) 
𝐸𝑥𝑝𝑖 𝑇 = 𝑖 𝑇 − 1      𝑎𝑛𝑑       𝐸𝑥𝑝𝑌 𝑇 = 𝑌(𝑇 − 1) , 

 

where 𝜆 relates to the power of the labour union in the negotiation process. 

 

Dividends are paid evenly to the firm’s workers based on economic profits and a pay-out-

factor. 

Capital depreciations are accounted in the model and firms have two types of capital 

investments: substitutions and expansions. Capital substitutions happen when the company’s 

tangible assets reach zero on the asset ledger; and capital expansions when firm’s return on 

assets is higher than the interest rates from the bank and production is at full capacity. 

 

3.2.5. Capital Goods Firms, Market and Investments 

Capital goods firms supply capital goods (machinery) to consumer goods firms, which will 

take part on their production activities. Capital firms do not require capital for their own 

production but instead employ households being the latter the capacity bottleneck. 

The capital goods market features monopolistic competition with make-to-order production 

schemes. This monopolistic competition is characterized by different pricing strategies by 

																																																								
11 The tâtonnement is an exogenous mechanism that ensures perfect competition conditions in the consumer goods 
market, converging the supply from firms with households’ demand. This process in closely related with the 
Walrasian auctioneer. 
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capital firms and differentiated products due to their different productivities. Capital goods 

firms assess their price offer based on its calculated market shadow value12. 

 

3.2.6. Financial System 
The financial system is constituted by one single bank called mono-bank. This mono-bank 

sets the interest rate at the beginning of all periods, collects interests on loans and pays 

interests on deposits from all agents. It is responsible for all monetary transactions, which 

occur instantaneously. This agent is essential for the model and crucial for its output since it 

is the one generating the monetary policy. 

 

3.2.7 Government and Welfare 

There is no present government in the model, unless we count on the one in charge of the 

interest rates policy from the central bank. Welfare is not reported in the paper. 

 

3.2.8. Final Analysis 

In this bi-product economy, Offner uses some of the previously established concepts from 

Tesfatsion and others to build his new model. This model functions around the financial 

sector and its monetary policy by having the main agents’ actions to be its consequence. 

Firm’s and Households’ actions are carefully tailored while the labour market’s supply side is 

completely passive by being outside the scope of Offner’s work. There is an interesting 

introduction of labour’s unions on the bargaining position of Households on wage 

determination. 

A closed economy is designed with strong focus on the monetary policy implemented, which 

can sometimes contrast with the existing reality. A quick example supporting this argument 

can be the consumption decisions made by households, whose first goal is to benefit from the 

best opportunity cost (when deciding weather to save or to spend) as opposed to their basic 

needs of survival. 

Offner’s model provides a good understanding on how capital and labour can both be 

deployed for production and gives the first general idea on how a policy study takes place. 

 

3.3. Structural Change of Production and Consumption: A Micro to Macro Approach to 

Economic Growth and Income Distribution, Tommaso Ciarli, André Lorentz, Maria 
Savona and Marco Valente (2008) 

In this ACE model the authors look at the impact of structural changes in both production and 

consumption upon economic growth and income distribution. A detailed evolutionary model is 

built with special respect to the firm-level organizational structure and technology changes, 
																																																								
12 The shadow value permits the monetary valuations to non-marketed goods such as production costs and 
intangible assets. Shadow pricing is usually subject to various assumptions and is fairly subjective within certain 
guidelines (Bannock, 1984). 
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their respective impact on earnings and income structure and finally the consequent changes 

in consumption patterns. 

A three-sector economy model is presented with households, consumer goods firms and 

capital goods firms. The number of existing households on the economy adapt to the required 

demand from the labour market. 

Consumer goods firms produce goods with different quality levels for the same characteristic 

allowing products’ differentiation and a competitive consumer goods market. The mentioned 

characteristics satisfy their respective consumers’ needs. These firms will be structured in 

hierarchical tiers of workers and executives with a wage differential across each tier. Firms 

also make capital investments in new available technology vintages, which will alter their 

capital/labour ratio and affect the income distribution on the Household sector. 

Firms from the capital sector can freely borrow from the financial sector striping them from 

budget constraints. 

From this ACE model, it was possible to conclude that the products’ heterogeneities strongly 

drive the aggregate growth of an economy and inequality is less pronounced in a high growth 

economic scenario. Structural composition of the firms as well as their wage structure drives 

economic inequality and income disparity. 

 

3.3.1. Households 
Wages and dividends from firms are the two primary sources of income to Households. 

These are divided into different consumption classes depending on their economic and social 

status. Each of these classes is again divided into samples, which will carry similar 

consumption patterns and will also have the same needs to be provided for. Each class of 

consumers is defined with a tolerance level, which represents the elasticity of each class to 

purchase goods with lower inherent value on its characteristics. The consumption budget of 

Households will then be divided among the required needs (characteristics). 

 

3.3.2. Consumer Goods Firms 

Firms manufacture one type of good that satisfies specific needs from costumers, the product 

will score a certain value on each of these needs (characteristics). 

The production process is set upon the current expected sales, which is a convex 

combination between past expectations and previous sales, attached to an adaptation 

parameter 𝑎!: 

 

𝑅𝑒𝑣!
!"# 𝑇 = 𝑎! ∙ 𝑅𝑒𝑣!

!"# 𝑇 − 1 + 1 − 𝑎! ∙ 𝑅𝑒𝑣!(𝑇 − 1) (22) 

 

The expected revenue from sales (𝑅𝑒𝑣!
!"#) will then be compared to the firms’ resources 

(𝐴! ∙ 𝐿!! ,𝐵! ∙ 𝐶𝑎𝑝!!), unfulfilled demand (𝑦!! 𝑇 − 1 − 𝑦!(𝑇 − 1)), safety stock (𝑆𝑆!) and existing 

inventories (𝑆!) to assess the final production target: 
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𝑦!! 𝑇 = 𝑚𝑖𝑛 𝑚𝑎𝑥 𝑆𝑆! − 𝑆! 𝑇 + 𝑦!
!"# 𝑇 + (𝑦!! 𝑇 − 1 − 𝑦!(𝑇 − 1),0 ,𝐴! ∙ 𝐿!! ,𝐵! ∙ 𝐶𝑎𝑝!!  (23) 

 

Each technology vintage (𝑣) has its own capital intensity and labour productivity - 𝐵! and 𝐴!. 

Only workers from the first tier 𝐿!!  are counted for production purposes because these are the 

blue-collar workers that have a direct impact on the possible output supply from the firm. 

Accumulating capital is a prerequisite for production, constraining its output level, so 

whenever necessary new capital investments must take place to guarantee production. 

Investing in new vintages come with advantages inherent in its characteristics but require 

greater lead times when compared to ones being used at the time. This degree of investment 

lumpiness generates a trade-off between ordering from novel vintages and keeping the status 

quo as it is. Capital investments can be assured by the financial system. 

 

The firms price their products according to a mark-up margin (𝜇) upon production’s total cost, 

considered only the labour costs: 

 

𝑝! 𝑇 = (1 + 𝜇) ∙𝑊𝑎𝑔𝑒𝑠! . (24) 

 

In order to calculate the total labour costs, it is necessary to look at the company’s labour and 

wage structure. As mentioned above, workers are divided into tiers and each tier has their 

own respective salary. The first tier of workers represents the input labour deployed for 

production and is then updated according to the production taget by: 

 

𝐿! 𝑇 = 𝜀 ∙ 𝐿! 𝑇 − 1 + (1 − 𝜀) ∙ !
!!
𝑚𝑖𝑛 𝑦!! 𝑇 ,𝐵!! ∙ 𝐶𝑎𝑝!!  , (25) 

 

where 𝜀 represents the rigidities of the labour market to hire/fire and employee. 

After assessing the number of first tier workers required to produce the targeted supply, 

workers from the same tier are divided into groups of 𝜐 and given a manager represented by 

another worker from an upper tier. This structure perpetuates itself until the last tier of one 

executive 𝐿! as depicted in the following several equations: 

 

𝐿! 𝑇 =
𝐿!(𝑇)
𝜐

 

(26) 
𝐿! 𝑇 =

𝐿!(𝑇)
𝜐

=
𝐿!(𝑇)
𝜐!

 

….. 

𝐿! =
𝐿!

𝜐!!!
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3.3.3. Labour Market and Wage Dynamics 

The population living in the model adapts to the available working positions that firms require, 

stretching and shrinking accordingly. Therefore the number of unemployed households is a 

function of the employment figures and these households are entirely passive towards the 

labour market. 

First tier workers will earn a multiple (𝜛) of the minimum wage and the wage will increase by 

a fixed multiplier (𝜑) for upstream tiers: 

 

𝑤𝑎𝑔𝑒! 𝑇 = 𝜛 ∙ 𝑤𝑎𝑔𝑒!"! 

(27) 

𝑤𝑎𝑔𝑒! 𝑇 = 𝜑 ∙ 𝑤𝑎𝑔𝑒! 𝑇  

𝑤𝑎𝑔𝑒! 𝑇 = 𝜑 ∙ 𝑤𝑎𝑔𝑒! 𝑇 = 𝜑! ∙ 𝑤𝑎𝑔𝑒! 𝑇  

….. 

𝑤𝑎𝑔𝑒! 𝑇 = 𝜑! ∙ 𝑤𝑎𝑔𝑒! 𝑇 = 𝜛 ∙ 𝜑! ∙ 𝑤𝑎𝑔𝑒!"# 

 

The minimum wage is negotiated on the macroeconomic level with regard for productivity 

growth, consumer goods prices and unemployment figures. It is set at the beginning of each 

round and given the infinite labour supply, unemployment rates are calculated though 

beveridge curves as a function of the hiring positions (Petrongolo and Pissarides, 2001; 

Yashiv, 2007).   

 

3.3.4. Consumer Goods Market 
Choosing a product undergoes a multidimensional assessment of the characteristics that 

Households must be provided for. A sequential filter of options is presented to achieve the 

best market solution to the costumer’s specific needs. Minimal requirements must be attained 

with respect to the respective tolerance level. 

 

3.3.5. Capital Goods Firms and Market. 
These firms are responsible to produce machinery with different technology vintages but 

aren’t an input for production processes like in Oeffner’s work, capital goods accumulation is 

a prerequisite for firms to produce. Technology vintages are a result of R&D activities from 

engineers in order to improve the products characteristics and manufacturing features. The 

outcome of these R&D activities derives from a stochastic process depending on the level of 

financial resources allocated to them. Capital goods are produced in a just-in-time scheme 

and there is no stock of these goods available. 

Capital firms price their products the same way consumer goods firms do, with addition to the 

engineering wages from R&D. 
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Consumer goods firms place orders for capital investments and capital goods firms supply 

them in a first-in-first-out rule, thus making the first orders arriving the first to be delivered as 

well. 

 

3.3.6. Financial System 

Consumer goods firms have access to free credit for capital investments without any 

necessary profit constraints. Despite this feature, there is no complete financial system within 

the model. 

3.3.7. Government and Welfare 
There are no governmental entities represented in the model. 

 

3.3.8. Final Analysis 
The previous model introduces some important features in line with the scope of the present 

project’s work. Before, inequalities were only a consequence of the labour market interactions 

or merely skill-driven but in the presented model, Ciarli (2008) points at the relevance of 

corporate structures to study the inequality phenomena. Firm’s organizational structure of 

tiers of workers transforms the corporate environment into a more realistic sphere by allowing 

households to have different working placement within each firm. 

Labour market’s rigidities are also well represented in this model with Equation 25 by adding 

a parameter that facilitates the study of economic policies towards this market, which can be 

relevant for subsequent analysis. 

The model lacks in some important sectors such as having a strong financial front to cover for 

capital investments and to catapult the economy’s growth. Nevertheless it introduces 

important points to take in mind for this project work. 

 

 

3.4. Unemployment Benefits and Financial Factors in an Agent-Based Macroeconomic 
Model, Luca Riccetti, Alberto Russo and Mauro Gallegati (2013) 

This model builds upon the work of Riccetti et al. (2012) and aims at exploring the 

government intervention on macroeconomic dynamics through unemployment benefits. It is 

proven that paying unemployment benefits to households currently without an active job will 

stabilize the aggregate demand and slightly increase both inflation and debt to GDP ratio 

(undertaken by the financial system).  

High unemployment insurances from the government will provide an adverse effect on the 

incentive for households to actively search and find a new job opportunity, thus driving 

unemployment rates upwards. These benefits can also be seen as frictions to the labour 

market by enhancing households bargaining position towards firms and tends to increase 

wages as well. The “natural” rate of unemployment depends on the reservation wage of the 
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different households, which will indicate its respective bargaining position. Firm’s 

opportunities offering less than their reservation wage won’t be accepted. 

 

Four agent types incorporate the model: households, firms, banks and government (central 

bank). It also contains four different markets: labour, credit, consumer goods and deposits 

markets. Agents have bounded rationality with incomplete and asymmetric information. 

Households buy the cheapest good they can find in the market and accept jobs from the 

labour market based on their reservation salary at the time. Firms produce consumption 

goods; hire the cheapest households available in the market and finance their production 

through funds and debt based on a financial leverage target. Funds are deposited at Banks 

with the highest interest rates. The government (through the central bank) is in charge of 

paying unemployment benefits to households currently without a job. 

	
	

3.4.1. Households, Labour Market and Wage Dynamics 
Households are employed at private consumer goods firms in order to take part on their 

production processes, and public sector, thus making wages their primary source of income. 

Interest rates on deposits and dividends from firms are also other sources of disposable 

income. Wealth and income are subjected to different taxes. With it, households are able to 

invest on consumer goods that allow them to prosper and live a financially sustainable life. 

Every household will be entitled with a minimum required amount of consumer goods to 

survive (subsistence need), without it the agent dies and leaves the economy. 

Consumption patterns (𝑐!!) are equated as a combination of income and wealth expenditures 

(𝐼𝑛𝑐! and 𝑊𝑒𝑎𝑙𝑡ℎ! respectively), both with different propensities to be spent (𝑐! and 𝑐!): 

 

𝐶! 𝑇 = 𝑐! ∙ 𝐼𝑛𝑐! 𝑇 + 𝑐! ∙𝑊𝑒𝑎𝑙𝑡ℎ!(𝑇) . (28) 

 

The desired consumption is set to the average price of one good whenever the current 

consumption pattern does not allow the purchase of even one good from this market. 

 

The existing jobs are then divided amongst households. Firstly the government hires a 

fraction of the existing Households (public sector) and the residual portion will be available to 

work at firms. Firms’ demand of employees derives from their capacity and is constrained by 

their funds, net worth and credit conditions. Workers set their reservation wage based on 

employment status: 

 

𝑤𝑎𝑔𝑒!!"# T =
𝑤𝑎𝑔𝑒!!"# 𝑇 − 1 ∙ 1 + 𝛼 ∙ 𝑈 0,1 , if k is employees at T − 1 ,
𝑤𝑎𝑔𝑒!!"# 𝑇 − 1 ∙ 1 − 𝛼 ∙ 𝑈 0,1 ,   is k is unemployeed at T − 1 ,

 (29) 
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where 𝑤𝑎𝑔𝑒!!"# stands for the reservation wage of household k in the current period, 𝛼 is an 

heterogeneous parameter shaped to simulated wage stickiness towards change and 𝑈 0,1  is 

an uniform distribution between 0 and 1. 

This reservation wage depicts the opportunity cost from the household when changing its 

employment status by representing how much it would cost to either change from one job to 

another or from unemployed to employed. 

The minimum reservation wage asked by households to firms on the labour market is at least 

a wage (net of taxes) able to purchase one single good from the market (subsistence needs) 

equivalent to currently most expensive. The reservation wage also does not fall from the 

unemployment benefits paid, which means that households are paid at least the same as the 

unemployment benefits because otherwise they would prefer to stay unemployed. This factor 

carries a substantial impact on the economic performance and survival rate of households. 

 

3.4.2. Consumer Goods Firms and Market 
The production undertaken by the firms is a function of only one input – Labour. The output of 

each firm will then be a result form the number of employed workers and their productivity 

factor 𝜗: 

 

𝑦!! 𝑇 = 𝜗 ∙ L!(T) . (30) 

 

Firms price their products by comparing their existing inventories and production levels form 

the previous period:  

 

𝑝! T =
𝑝! 𝑇 − 1 ∙ 1 + 𝛾 ∙ 𝑈 0,1 , 𝑖𝑓 𝑆! 𝑇 − 1 = 0  𝑎𝑛𝑑  𝑦!!(𝑇 − 1) > 0
𝑝! 𝑇 − 1 ∙ 1 − 𝛾 ∙ 𝑈 0,1 , 𝑖𝑓 𝑆! 𝑇 − 1 > 0  𝑎𝑛𝑑 𝑦!! 𝑇 − 1 = 0 .

 (31) 

 

This means that the firm will inflate their price if it was able to sell all their goods produced in 

last period and deflates if it still holds inventory (𝑆! 𝑇 − 1 ). This price variance will result form 

a uniform statistical distribution attached with a resistance parameter of price stickiness (𝛾). 

The price of marketed goods cannot exceed their average production cost. The same formula 

is used to assess the paying dividends. 

Households represent the demand side for the consumer goods market by purchasing 

consumptions goods from firms (the supply side). After consumer market interactions, firms 

can either stock out their products or keep unsold inventories while households can either 

keep some residual cash or satisfy their desired consumption. 
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3.4.3. Capital Goods Firms, Market and Investment 

As mentioned above, labour is the only input in the undergoing production processes from 

consumer goods firms. Capital is not a requirement for any production activities in this model 

thus not existing in this economy. 

 

3.4.4. Financial System, Credit Market and Deposit Market 

Firms’ production is partially financed through debt in the credit market. The banks demand 

on credit will depend on firms’ net worth and leverage target (𝑙!): 

 

𝐶𝑟𝑒𝑑𝑖𝑡!! 𝑇 = 𝑁𝑒𝑡𝑊𝑜𝑟𝑡ℎ!(𝑇) ∙ 𝑙!(𝑇) . (32) 

 

The respective leverage target might vary with respect to the relationship between profit rates 

and interest rates as well as inventory levels. 

Banks supply credit with regard for  its own deposit volume, the firms’ net worth  and legal 

constraints. The interest rate from a bank (f) set to a firm (f) 𝑖!,! is a function of the nominal 

interest rate set by the central bank 𝑖!" , a bank specific component  𝑖!  (which varies 

according to unsold money supply from previous periods) and a firm specific component  𝑖! 

(risk premium): 

 

𝑖!,! 𝑇 = 𝑖!" 𝑇 + 𝑖! 𝑇 + 𝑖!(𝑇) . (33) 

 

The procurement process for credit occurs with a certain degree of asymmetric information, 

which prevents firms from having a complete insight on every offer in the market. Firms take 

on their most suitable offer from the ones available by choosing the cheapest credit in the 

market. 

 

On the deposit market, banks demand for households’ deposits (to later lend to private firms 

and public sector) and pay an interest rate in return. Banks’ interest rate is set upon their 

lending requirements. Interest rates on deposits are increased if they require more money 

supply (𝐶!!) to lately borrow to both private firms and to the public service sector until a 

maximum value given by the central bank, otherwise these will be: 

 

𝑖!
!"# T =

𝑖!
!"# 𝑇 − 1 ∙ 1 + 𝛼 ∙ 𝑈 0,1 ,   𝑖𝑓  𝐶!! 𝑇 −  𝑃𝑟𝑖𝑣𝐷𝑒𝑏𝑡! 𝑇 − 𝑃𝑢𝑏𝐷𝑒𝑏𝑡!"# 𝑇 > 0

𝑖!
!"# 𝑇 − 1 ∙ 1 − 𝛼 ∙ 𝑈 0,1 ,    𝑖𝑓  𝐶!! 𝑇 −  𝑃𝑟𝑖𝑣𝐷𝑒𝑏𝑡! 𝑇 − 𝑃𝑢𝑏𝐷𝑒𝑏𝑡!"# 𝑇 = 0 .

 
 (34) 

 

Banks purchase government bonds whenever their credit supply is not assured on the credit 

market. If the aggregate desired government securities aren’t bought from banks then the 

central bank steps in and secured the remaining. 
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3.4.5. Government and Welfare 

Government pays for the public sector work force as well as for the interests on sovereign 

bonds issued so far, while collecting taxes and receiving interest rates form the central bank. 

The unemployment benefits will then be part of its expenditures. 

Finally the central bank controls the monetary policy by managing the excess money supply 

though interest rate policies. 

 

3.4.6. Final Analysis 

The present model brings relevant features into action. First of all, the important concept of 

the reservation salary from households, which determines their opportunity cost to accept a 

job, thus making incentivising households to work a real economic constraint to the economy. 

Then, this is the first model that tailors an open economy with sovereign debt to pay for the 

economy’s deficit, which is the most realistic feature of the model and previously unseen. 

Having such a feature allows making other analysis about the size of the public sector and its 

consequence to the whole economic performance. 

Compared with the previous papers, this is the first one that builds a governmental branch 

responsible for paying unemployment benefits and for taxing other agents’ revenues and 

incomes. This is a major feature of the model because it is in line with the scope of the 

present project work. 

As a drawback, all the markets in this model appear to have been designed in the same 

fashion. An uncertain variable is attached to the behavioural parameter from the agent 

whenever it takes a certain decision (like the one presented in Equations 29 and 31). While 

having all existing markets tailored in the same way might simplify to a certain extent the 

model, it strips the same from rational behaviour whenever a new decision must be taken and 

undermines the articulation of the links between agents themselves. 

 

 

3.5. Cohesion Policy and Inequality Dynamics: Insights from Heterogeneous Agents 

Macroeconomic Model, H. Dawid, P. Harting and M. Neugart (2013) 

Dawid, Harting and Neugart aimed at understanding the relationship of different types of 

technology oriented cohesion policies with inter and intra region economic inequalities. 

Through an ACE model they concluded that government incentives to choose the right 

technology vintages and the degree of flexibility within the labour market were the key to 

reduce these inequalities. 

Their model consisted of a bi-region, single product decentralized market economy with up to 

five main agent types (consumer goods firms, households, capital goods firms, banks and 

government). Initially both regions start with different technology standards in order to 

simulate the present inequality between them. Then different levels of policy effectiveness in 

incentivizing firms to purchase capital goods are applied, and is assessed how the respective 
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policies contributed to the convergence of the technology status quo on both regions along 

with their income distribution. 

 

3.5.1. Households 
Households shape the demand side on the consumer goods market and work at consumer 

goods firms. Their skills will have an impact on the firms’ productivity, thus making these 

agents crucially important for both production output and scope of the paper. 

Once a week households spend their weekly budget on one consumption good at a regional 

platform called “mall”. They aim at maximizing their welfare by spending their entire available 

budget. Households’ consumption patterns are defined according to a logit-choice model 

based on empirical marketing literature. 

Each household is entitled to a general and a specific skill value. General skills, 𝑔𝑠𝑘!, are 

exogenously given and represent the agent’s formal education (𝑔𝑠𝑘! ∈ 1,2 ). Specific skills, 

𝑠𝑠𝑘!, increase endogenously and reflect the respective household’s work experience. The 

specific skill defines the household’s productivity working under a certain technology vintage. 

The learning process undertaken by an agent is translated by the equation below: 

 

𝑠𝑠𝑘! T = 𝑠𝑠𝑘! T − 1 + 𝑋 ∙ 𝑔𝑠𝑘!(T − 1) ∙𝑚𝑎𝑥 0,𝐴! T − 1 − 𝑠𝑠𝑘!(T − 1)  . (35) 

 

Where 𝑋 ∙ 𝑔𝑠𝑘!(T) ∈ 0,1 , which makes clear that the general skill measures the learning 

pace of the household in question. 𝐴! T  represents the average technology quality 

(productivity) of the firm currently employing the household, thus assuring that the latter can 

only improve by working at a firm where the technology level is higher than its specific skill 

set. 

 

3.5.2. Consumer Goods Firms and Market 

Consumer goods firms’ output is decided upon technology vintages and workforce. Since the 

marketed products are only differentiated by their price, technology vintages become crucial 

at boosting competitiveness into the firms because of their productivity features. 

These vintages are prioritized in order for the best ones to be used first. This decision will 

require an adequate workforce with a proper skill set. With this in mind an assessment on the 

effect of households’ skills on technology-oriented policies can be performed. Production is 

conducted monthly and both labour and capital markets can be accessed to employ extra 

quantities to meet the targeted production plan based on a Leontief type production function. 

Capital stock (𝐾!!) is also depreciated at a given rate (𝛿): 

 

𝐾!! T = 1 − 𝛿 𝐾!! T − 1 + 𝐼!!(T − 1) . (36) 
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Where 𝐼!! stands for the gross investment in capital goods with technology vintage 𝜐 at the 

previous period. 

The consumer goods provided by firms are sold in both regions while households can only 

purchase within their respective working area. There is asymmetric information on the malls 

because even though complete information on pricing is available, their respective quantities 

are unknown. Each mall is opened seven days a week, thus making time-to-market an 

important issue for both firms and households. Whenever the aggregate demand of a certain 

mall is higher than their available supply, the mall rations the quantities in order to provide 

each demanding household with a share of its stock. 

 

3.5.3. Labour Market and Wage Dynamics  

Whenever each firm does not have the required workforce to meet the targeted production 

plan, they post vacancies on the labour market in order to attract the currently available 

unemployed workers to meet this deficit.  

Both generic and specific skills from households drive wage payments but solely information 

on generic skills is available to firms at the labour market. The wage structure is composed of 

two main features. The first follows a market driven base wage set upon the current valuation 

of specific skills (w!!"#$) and the second is derived from the required specific skills to meet the 

present technology status quo of the company (w!!""#$, f). If companies fail to hire the wanted 

workers, then on the next round of the labour market allocation the base wage increases by a 

factor 𝜑 . If the household in question needs to move from its current region then its 

reservation wage also increases by a factor 𝛿  to simulate the switching costs from this 

change. Since the information about the household specific skills is not available for firms, the 

offer is based on the average specific skills across all its households form the within the same 

generic skills (g). All these factors influencing the labour market dynamics can be 

summarized into the following equations: 

 

wage!!"#$(T) = (1 + φ) ∙wage!!"#$(T − 1) , (37) 

wage!!""#$(T) = wage!!"#$(T) ∙min A! T , ssk!"#
!,! (T)  , (38) 

1 − δ ∙wage!!""#$(T) = wage!!"#(T) , (39) 

 

where ssk!"#
!,!  represents the average specific skills amongst all households employed at the 

firm. The firm uses this method due to the fact that information on the specific skill of 

households is not available in the labour market. 

 

3.5.4. Capital Goods Firms, Market and Investment 

The capital goods market bridges consumer goods firms with a single capital goods firm, thus 

making it a monopoly. The capital firm supplies capital goods with different vintages (𝜈) 
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carrying different respective productivities (𝐴! ). This supply is considered infinite, which 

means labour and capital are unnecessary inputs for their own production. Revenues from 

the capital sector are distributed as dividends to households. Stochastic processes govern 

the rise of new vintages available in the economy for goods firms. Capital goods are priced 

according to a value-based and cost-based combination based on labour costs. 

Capital investments take part when the current capital stock from a consumer goods 

company is not enough to meet the targeted production requirements. As stated above the 

specific skills from workers converge with the vintage productivity they are currently working 

on. Therefore the vintage choice of investment is based on a logit choice between a 

discounted sum of effective productivities (over a fixed time horizon) and the respective 

vintage price.  

 

3.5.5. Financial System 
Banks offer credit to the firms upon which these are able to finance their production schemes. 

This credit is a result of deposits made by households and then available to consumer goods 

firms. Interest rates are charged to credit owners according to their financial situation and 

loans are limited by banks’ liquidity and risk exposure. When firms aren’t able to meet their 

financial commitments face insolvency. 

An additional financial market is also incorporated in the model, where shares of firms can 

freely be traded among agents who hold them and dividends are paid at a certain point in 

time. 

 

3.5.6. Government and Welfare 

The government is responsible for collecting taxes and paying unemployment benefits to 

households. A joint fund between both regions of the economy is raised to finance the welfare 

policies with proportional contributes based on GDP figures, while the remaining part is 

financed by the government of the specific region under deficit. The public expenditures are 

financed by taxes collected by the government to households and firms (both having the 

same tax). The tax rates are adjusted in order to balance public expenditures and revenues 

on a long-term basis to avoid volatile tax rates. 

 

3.6.7. Final Analysis 
This model does not constraint itself to act in only one geographical region and its real aim is 

to articulate the links between technology-oriented cohesion policies and intra and inter 

regional economic inequalities. Therefore, the model properly tackles existing technology 

deficits present in the current economic environment with an already established gap 

between regions. 

Introducing skills-oriented wages provides the model with a relevant feature that shapes the 

labour market and incentivizes households to prosper and learn. Generic skills are 
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responsible for the learning velocity of households, which also stands as a more realistic view 

on this subject. Households are faced with a trade-off between staying under unemployment 

benefits and being ambitious to flourish professionally is an heterogeneity amongst 

households and remains an active discussion on the political agenda. 

Time-to-market is introduced in the consumer goods market where households might deal 

with stock outs if they fail to purchase the necessary products soon enough. 

The model is however a representation of a closed economy without government issuing 

sovereign debt to cover for deficit expenses, which still shapes the picture of today’s 

economic landscape. 

 

 

3.6. Agent-based Macroeconomics: A Baseline Model, Matthias Lengnick 
The present work by Lengnick provides an alternative method for economic research to the 

DSGE approach13. Lengnick constructs an ACE model that serves as a baseline tool for 

future models to be built.  Its main objective is to reproduce empirical economic phenomena 

present in modern economies and supported by theoretical background, without recurring to 

auctioneers or defined market rules. Microfoundations and inter-agent collisions are the only 

drive for economic performance. 

The model has only two types of agents: households and firms. Households buy goods from 

firms according to their particular consumption patterns and are employed at those same 

firms to work for wages. Firms on the other hand are responsible for producing and 

commercializing consumption goods while employing households. Both households and firms 

are bounded by two markets where they interfere: the labour market and the consumption 

goods market.  

One iteration in this model figures one day and a month consists of 21 days. Consumption 

from households is conducted daily, while production activities and labour management is set 

on a monthly basis. The simulation was initially run with 1000 households and 100 firms. In 

this model technology and productivity vintages are stagnant, striping the model from 

innovation and growth. 

 

3.6.1. Households 
At the beginning of each month every household, depending on its employment status, 

decides if it should continue working at the same firm or whether it should change jobs to a 

higher paid workplace. Each household is entitled with a reservation wage (𝑤𝑎𝑔𝑒!!"#) that 

translates how much they are willing to work for and their real wage (𝑤𝑎𝑔𝑒!) that pictures its 

current receiving income. Weighting these wages and also considering households’ 

																																																								
13 The DSGE (Dynamic Stochastic General Equilibrium) models are the main frameworks for economic policy 
analysis today that use representative agents and well defined market rules. This framework has been widely 
criticised for inadequacy and for lacking the ability to predict shocks. 
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employment conditions will dictate their approach to the labour market, explained in better 

detail in a section ahead. 

 

Also at the beginning of each month, every household decides how much to consume. This 

decision is set for the whole month even though actual consumption is conducted daily. After 

assessing how much to spend on consumption goods, this budget in divided equally among 

every day of the month to be spent. Consumptions expenditures increase in line with 

households’ incomes in absolute values but at relative decreasing rates. The consumption 

decision is set by the following equation: 

 

𝐶! =
𝑊𝑒𝑎𝑙𝑡ℎ!
𝑝!!"#$%&'

!

 (40) 

where 𝑝!!"#$%&' stands for the average price of a consumption good within the household’s 

network of consumer goods firms (explained in the consumer goods market section). 

Employment is the only source of income in this economy and 𝛼 represents a behavioural 

consumption parameter, which decreases with higher wages and is key for future wealth. 

 

2.6.2. Consumer Goods Firms 
Firms are the ones responsible to produce and price consumption goods to be sold at the 

market and bought by households. Both these decisions are taken at the beginning of each 

month along with labour requirements to meet production needs (wage dynamics are 

explained in the labour market section). Firms’ particular inventory policies manage both 

production and pricing decisions. Production targets dictate the necessary labour force to 

meet these demands; and since there are no individual productivity improvements, the 

relation between labour force and output is linear. A firm is only able to hire or dismiss one 

household each month due to employment security policies. Firms’ inventory policies are 

translated by the following formulas: 

 

𝑢𝑝_𝑆! = 𝑢𝑝_𝜙 ∙ 𝐷𝑒𝑚𝑎𝑛𝑑!(𝑇 − 1) 

(41) 𝑙𝑜𝑤_𝑆! = 𝑙𝑜𝑤_𝜙 ∙ 𝐷𝑒𝑚𝑎𝑛𝑑!(𝑇 − 1) 

0 < 𝑙𝑜𝑤_𝜙 < 𝑢𝑝_𝜙 

 

where 𝑢𝑝_𝑆!  and 𝑙𝑜𝑤_𝑆!  are the upper and lower bound for the inventory levels, directly 

correlated to their respective associated upper and lower bound parameters (𝑢𝑝_𝜙  and 

𝑙𝑜𝑤_𝜙). Whenever the firm, at the end of the month, has stocked more than its upper 

inventory level, it increases price with a price stickiness parameter 𝛾 (𝑝!(𝑇) = 𝑝!(𝑇 − 1) ∙ (1 +

𝛾)) and hire one household to grow production for the next month. The opposite takes place if 

the stock is below the lower inventory level. An extra constraint is set upon the pricing 

decision by imposing both an upper and lower bound according to the marginal cost of 
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production and a slack respective correlated parameter (𝑢𝑝_𝜎 and 𝑙𝑜𝑤_𝜎). 𝑀𝐶!(𝑇) stands for 

the marginal cost of production. 

  

𝑢𝑝_𝑝! 𝑇 = 𝑢𝑝_𝜎 ∙𝑀𝐶!(𝑇) 
(42) 

𝑙𝑜𝑤_𝑝! 𝑇 = 𝑙𝑜𝑤_𝜎 ∙𝑀𝐶!(𝑇) 

 

At the end of each month, firms pay wages and dividends are distributed. Dividends are paid 

proportionally to each household’s wealth. If firms register negative profits in a certain month, 

then they decide not to distribute dividends and only pay wages. Wages can be cut when the 

firms’ profits are at negative crucial levels and the firm is facing a clear competitive 

disadvantage. 

 

3.6.3. Consumption Goods Market 
Households can only purchase goods from 7 firms, which are randomly picked in the 

beginning of the simulation. This feature is not present to figure asymmetric information within 

this market but rather the concept of loyalty to firms in consumption patterns. These 

connections are depicted in the following figure as type A connections, and labour 

connections as type B connections. 

 

 
Figure 14. Type A and B connections (Lengnick, 2013) 

 

Type A and B connections can overlap, which means that households are allowed to 

purchase from their employer. If households’ monthly consumption requirements (Equation 

40) aren’t fully met during this period among their type A network, then one of these links is 

erased, in order to be substituted by another random connection form the rest of the existing 

firms. No constraints are set upon firms’ network of both connection types. 

As states in Equation 40, consumption is assessed monthly, and the consumption goods 

market takes place daily. Households divide their monthly needs by 21 to account for the 
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daily consumption budget and each day a random type A connection is selected to be 

approach in the market. If firms do not have enough supply to meet their demand for 

consumption goods, they ration equally among their customers. 

 

3.6.4. Labour Market and Wage Dynamics 
Firms change their wage offers in two ways. If firms were able to hire all their necessary 

labour requirements (calculated as a consequence of production target), then they decrease 

their wage offer, which applies for all the households working at the firm at this time. 

Therefore, households always get paid the same while working for the same firms. Wage 

offers increase if firms weren’t able to increase their workforce as required, in order to 

captivate workers to the firm. 

Households’ approach to the labour market is dictated by both their reservation wage and 

employment status. This approach defines how many job searches each household performs 

monthly. If a certain household is unemployed, then their reservation decreases each month 

by 10% and it visits a maximum amount (𝜚) of firms in its job search. If employed and its 

reservation wage equals its wage, it means the household is satisfied with its job status and 

therefore visits only one firm in look for a better paying job each month. In case the household 

is employed but its reservation wage is higher when compared to its current wage, the job 

search intensifies (to 𝜍 ), while never reaching the maximum as if it was unemployed 

(1 < 𝜍 < 𝜚 < 𝐹). 

 

 

𝑖𝑓 𝑘 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 → 𝑗𝑜𝑏_𝑠𝑒𝑎𝑟𝑐ℎ!(𝑇) = 𝜚 ∙ 𝐹 

(43) 𝑖𝑓 𝑘 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑤𝑎𝑔𝑒!!"# > 𝑤𝑎𝑔𝑒! → 𝑗𝑜𝑏_𝑠𝑒𝑎𝑟𝑐ℎ!(𝑇) = 𝜍 ∙ 𝐹 

𝑖𝑓 𝑘 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑤𝑎𝑔𝑒!!"# < 𝑤𝑎𝑔𝑒! → 𝑗𝑜𝑏_𝑠𝑒𝑎𝑟𝑐ℎ!(𝑇) = 1 

 

Firms are selected randomly according to the respective household’s job search and the 

match is concluded in the reservation wage form the individual is lower than the wage offer 

from the firm. At the end of the month, households and firms review their wage reservation 

and offer respectively. 

 

3.6.5. Final Analysis 
The present model introduces some key features that weren’t included in previous models. 

First of all, it integrates the concept of households’ loyalty towards firms without recurring or 

imposing any exogenous asymmetric information upon the consumption goods markets. Until 

now, market imperfections were simulated by an imposed parameter but the author made this 

a consequence of an empirical and realistic feature of common consumption patterns. 

Another main characteristic of this model is the timeline upon which decisions take place. By 

having monthly strategic decisions while still iterating daily results in a better adaptation of 

modern businesses. Also by having daily consumption activities alternating within the different 
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firms form the type A network, the model allows a smoothening of the monthly budget 

distribution, a phenomena that previously didn’t occur. 

Finally, the labour market features an active household sector with real incentives and trade-

offs regarding their employment status. The model allows households to choose between 

staying employed or unemployed, it allows greater incentives to find a better working position, 

allows quitting its current workplace for a better one and even to remain unemployed because 

of a higher reservation wage when compared to the market’s offer. All these modulate a 

reasonable labour market without imposing major exogenous constraints. 

As a drawback, this model does not include any of the complementary sectors that some of 

the previous models integrate such as a capital good sector or a financial system. This fact 

might strip the model from certain important key features of a complex economy converging 

into a more simplistic version. 
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3.7 Conclusions 

In the previous sections, a comprehensive description of relevant works from the field of 

agent-based computational economics was undertaken. All the models studied brought new 

and different insights about how to build an ACE model and how to conduct a proper analysis 

on economic policy. These works’ characteristics will be complemented and critically 

assessed to understand what indeed must be included in the model to be constructed and 

what to dismiss. In the following table a summary of the findings uncovered can be found to 

better consolidate all the insights. 
 

Table 1. Summary on the different works presented. 

 
Tesfatsion 

(2005) 
Oeffner 
(2008) 

Ciarli et al. 
(2008) 

Riccetti et 
al. (2013) 

Dawid et 
al. (2013) 

Lengnick 
(2013) 

Simulation Step 1 year 1 year 1 year 1 year 1 day 1 day 
Households Present. Present. Present. Present. Present. Present. 

· Consumption 
patterns 

Primary focus 
on survival 
and later 

utility 
maximization. 

Decision 
taken after 

savings rate 
and based on 

utility 
maximization. 

 

In line with the 
household’s 

representative 
social and 
economic 

class. 

Income and 
wealth have 

fixed 
propensities 
to be spent. 

Linear 
combination 
provides the 
consumption 

budget. 

Pricewise 
linear 

combination 
to assess 

consumption 
the budget. 
Logit-choice 

model to 
choose which 

products to 
purchase. 

Consumption 
formula with 

respect to the 
average price of 
the households’ 

network and 
savings rate. 

· Savings 
decision 

Consequence 
of 

consumption 
decisions and 

market 
allocation 

output. 

Opportunity 
costs related 
with interest 
rates form 

banks. 

Consequence 
of consumption 
decisions and 

market 
allocation 

output. 

Consequence 
of 

consumption 
decisions and 

market 
allocation 

output. 

Consequence 
of 

consumption 
decisions and 

market 
allocation 

output. 

Consequence of 
the residual 

funds from the 
monthly 

consumption 
decisions. 

· Income 
sources 

Exogenous 
money 

endowment 
and 

dividends. 
 

Wages, 
dividends and 
interest rates. 

Wages and 
dividends. 

Wages and 
interest rates. 

Wages, 
dividends and 
interest rates. 

Wages and 
dividends. 

· Financial 
means 

Prior savings 
and income. 

Income, 
wealth and 

debt. 

Prior savings 
and income. 

Income, 
wealth and 

debt. 

Income, 
wealth and 

debt. 

Income and 
wealth. 

· Reservation 
wage 

Not 
applicable. 

Not 
applicable. Not applicable. 

Dependant 
on the 

household’s 
employment 

situation. 

Dependant 
on the 

household’s 
regional 

switching 
situation. 

Dependant on 
the household’s 

employment 
situation 

Consumer Goods 
Firms Present Present Present Present Present Present. 

· Production 
inputs 

No direct 
inputs. 

Requirement
s: capital 

stock. 

Direct inputs: 
Labour and 

capital. 

No direct 
inputs. 

Requirements: 
capital stock 
and labour. 

Direct input: 
Labour. 

Direct inputs: 
Labour and 

capital. 

Direct inputs: 
Labour. 

· Production 
decisions 

Assessed as 
a percentage 
of the capital 

stock. 

Mark-up 
decision 
based on 
marginal 
costs and 

constrained 
by a Cobb-

Douglas 
production 
function. 

Based on 
expected sales, 

products 
current stocks, 

delayed 
deliveries and 

constraint 
bottlenecks. 

Based on 
labour and its 
productivity. 

Prioritized by 
technology 
vintage and 
subject to 
constraint 

bottlenecks. 

Based on 
inventory 

policies and 
labour market 

restrictions 
(employment 

protection 
policies). 

· Investment 
decisions 

Based on 
sales and 

Trade-off 
between 

When 
inventories of 

Based on 
labour 

Influenced by 
incentives to 

Based on 
inventory 
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production. interest rates 
and 

proportion of 
output sold.  

capital stock 
aren’t enough 

to ensure 
necessary 
production. 

requirements 
to fulfil the 

desired 
output. 

invest in new 
technology 
vintages by 

the 
government. 

policies and 
labour 

requirements. 

· Financial 
means 

Own funds. 
Own funds, 

dividends and 
debt. 

Own funds and 
debt. 

Own funds 
and debt. 

Own funds 
and debt. Own funds. 

· Pricing 
strategy 

Mark-up 
strategy 

based on 
marginal 

costs. 

Mark-up 
strategy 

based on 
marginal 

costs. 

Mark-up 
strategy based 
on labour costs. 

Based on the 
last period 
output and 

residual 
stock. 

Price, costs 
and sales 
trade-off. 

Profit 
maximization 

strategy. 

Based on 
inventory 

policies and 
marginal cost 

contraints. 

Capital Goods Firms Not present Present Present Not Present Present Not Present. 
· Production 

inputs - Labour. Labour. - No direct 
inputs. - 

· Production 
decisions 

- 
Make-to-

order 
schemes. 

First-in-first-out 
rule make-to-
order scheme. 

- 
Make-to-

order 
schemes. 

- 

· Financial 
means - 

Financing 
capital goods 
production is 
unconstraine

d. 

Financing 
capital goods 
production is 

unconstrained. 

- 

 
Financing 

capital goods 
production is 
unconstraine

d. 
 

- 

· Innovation 
frontier - 

No variable 
technological 

frontier 
present. 

Stochastic 
process 

determines 
success of 

R&D.  

- 

Stochastic 
process 

determines 
success of 

R&D. 

- 

· Pricing 
strategy 

- 
Market 

shadow value 
strategy. 

Mark-up 
strategy based 
on labour costs. 

- 

Value-based 
and cost-

based 
combination. 

- 

Banks Not present. Mono-bank. Present. Present. Present. Not Present. 
Central Bank Nor present. Mono-bank. Not present. Present. Not present. Not present. 

Government Not present. 

Executes 
monetary 
policies 

through the 
central bank. 

Not present. 

Employs 
workforce, 

collects taxes 
and interests. 
Responsible 

for paying 
unemployme
nt benefits.  

Collects taxes 
and pays 

unemployme
nt benefits. 

Manages joint 
fund and 
executes 

technology 
oriented 
policies. 

 

Not present. 

Consumer Goods 
Market Present. Present Present. Present. Present. Present. 

· Type of 
market 

Decentralized 
market with 
monopolistic 
competition 

and complete 
information. 

Decentralized 
market with 

perfect 
competition 

and complete 
information. 

Decentralized 
market with 
monopolistic 

competition and 
complete 

information. 

Decentralized 
market with 
monopolistic 
competition 

and 
asymmetric 
information. 

 
Bi-region 

decentralized 
market with 
monopolistic 
competition 

and 
asymmetric 
information. 

 

Decentralized 
market with 

brand loyalty 
features from 
households. 

· Allocation 
process 
 

 

Households 
are randomly 
selected and 

firms are 
displayed by 
price offers. 
Cheapest 

products are 
sold first. 

Households 
are randomly 
selected and 

firms are 
displayed by 
price offers. 
Cheapest 

products are 
sold first. 

Multidimension
al assessment 

on products 
characteristics 
and required 
needs from 
households. 

Households 
purchase the 

cheapest 
products at 

their disposal. 

Households 
purchase 
consumer 
goods at 

Malls and aim 
at spending 
their entire 

weekly 
budget. 

Cheapest 
products are 

sold first. 
 

Households 
purchase daily 
by allocating 

their budget to a 
random firm 
within their 

network. Firms 
ration demand if 

necessary. 

Labour Market Not present. Not present. Not present. Present. Present. Present 
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· Type of 
market 

- - - 

Decentralized 
market with 
asymmetric 
information. 

Decentralized 
market with 
asymmetric 
information 

on the 
specific skills 

of the 
households. 

Decentralized 
market with 
asymmetric 

information at 
both households 
and firms side. 

· Allocation 
process - 

Households 
are entirely 

passive to the 
process. 

Population 
adapts to the 

labour 
requirements of 

the economy 
with potential 
infinite supply. 

Consumer 
goods firms 
aim at hiring 
the cheapest 
unemployed 
household. 

Firms aim at 
hiring the 
cheapest 

unemployed 
household. 

Households 
search for jobs 
depending on 

their 
employment 

status and firms 
based on labour 
requirements. 

Wage Dynamics - 

Minimum 
wage is 

negotiated 
with unions 
with regard 

for the 
expected 

output gap 
and inflation. 
Each firm has 

a payroll, 
which is 
equally 
divided 

amongst the 
workforce. 

Salaries 
depend on the 

consumer 
goods firm 

wage structure 
and multiplier 
factor across 

them. Minimum 
wage is 

endogenously 
generated. 

Reservation 
wage from 
households 
based on 

employment 
status and 
minimum 

subsistence 
needs. 

2 parts 
salary: wage 

base is 
benchmarked 

across the 
economy and 

a skill-
oriented 
wage set 

upon general 
skills of 

workers and 
average 

specific skills 
of workforce. 

Regional 
switching 

costs account 
for the 

reservation 
wage. 

Reservation 
wage increased 
of a household 
gets a better 

paying job than 
it reservation 

wage. It 
decreased by 

10% each 
month if 

unemployed. 
Firms raise their 

wage if they 
couldn’t meet 
their labour 

demands and 
lower the wage 
in the opposite 

case. 

Capital Goods 
Market Not present. Present. Present. Not present. Present. Not Present. 

· Type of 
market - 

Decentralized 
market 

monopolistic 
competition 

and compete 
information. 

Decentralized 
market with 
monopolistic 

competition and 
asymmetric 
information. 

- 

Centralized 
monopoly 

with 
asymmetric 
information. 

- 

· Allocation 
process 

- 

Just-in-time 
make-to-

order 
schemes. 

First-in-first-out 
make-to-order 

schemes. 
- 

Make-to-
order 

schemes. 
- 

Financial System Not present. Present. Not resent. Present. Present. Not Present. 

· Type of 
market 

- 

Centralized 
monopoly by 
the central 

bank (mono-
bank). 

- 

Decentralized 
market with 
monopolistic 
competition 

and 
asymmetric 
information. 

Decentralized 
market with 
monopolistic 
competitions 
and complete 
information. 

- 

· Allocation 
process 

- 

Agents 
deposit funds 

and take 
credits. 

Credit is freely 
supplied to 
consumer 

goods firms to 
finance capital 
investments. 

Households 
deposit their 

funds in 
Banks with 

higher 
interest rates. 
Agents try to 
purchase the 

cheapest 
credit. 

Stock 
exchange is 

present in the 
model along 
with a credit 

market 
supplying 
financial 

leverage to 
consumer 

goods firms. 

- 
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Chapter 4. A Baseline Model for Economic Policy Analysis 

 

The main objective of the present thesis is to develop an ACE model able to study the effect 

of certain economic policies upon income and wealth inequality along with their consequent 

macroeconomic performance. In order to do so, firstly a base model was constructed and 

properly validated to serve as the foundation of the subsequent economic policy analysis. 

This chapter presents in detail this baseline model, built upon previously described works by 

Tesfatsion (2005), Oeffner (2008), Ciarli et al. (2008), Riccetti et al. (2013), Dawid et al. 

(2013) and Lengnick (2013). 

At first, the model will be explained in detail with the respective theoretical support form the 

above mentioned related works14 . The following section presents this baseline model’s 

results and respective validation while the last section from this chapter is reserved for the 

sensitivity analysis.  

 

4.1 The Baseline Model 
In this section, all the microfoundations of the existing agents in the model are explained at 

the intra-iteration level. This work will be conducted by type of agent separately in order to 

have a clear vision of how each individual makes decisions and how these will impact to the 

overall model. In the end of this subchapter a comprehensive timeline is drawn to illustrate 

the intra-iteration sequence of action from the agents involved. 

The model consists on a single-region, single-product decentralized market economy with two 

main co-existing sectors: households and consumer goods firms. Two fundamental markets 

bridge those sectors: the consumer goods market and the labour market. The consumer 

goods are non-perishable, which allows inventories to stock unsold products over time. On 

the baseline model there are no changes in individual productivities nor technology vintages. 

Each iteration of the simulation represents one month in the timeline of the simulation. 

 

4.1.1. Households 
Households are responsible to consume goods manufactured by firms and receive a monthly 

compensation for the work performed at firms. They have only two disposable income 

streams to consume, which are the wage payment from firms when employed and prior 

savings from previous iterations: 

 

𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑏𝑙𝑒_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 = 𝑤𝑎𝑔𝑒!,! 𝑇 + 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙_𝑓𝑢𝑛𝑑𝑠!(𝑇 − 1) (44) 

 

Consumption decisions from households are based on a utility based approach, where the 

marginal utility to consume an extra good is compared with the monetary utility in order to 

																																																								
14 The baseline model uses a complete new set of notations to describe the model’s parameters. These notations are 
different from the previous Chapter for an easier reading and comprehension. The complete list is also available in 
Appendix A.2. 
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assess whether to purchase or save the residual existing liquidity for the next iteration 

(Oeffner, 2008). The richer the household, the more it consumes (in absolute vales), thus 

making consumption utilities a function of the respective households’ relative disposable 

income (Ciarli et al.). One household is obliged to try to purchase at least one consumption 

good on each iteration, leaving subsequent consumption to its marginal utility profile and 

market conditions15. The previous statement is translated by the following equation: 

 

𝑢𝑡𝑖𝑙𝑖𝑡𝑦! 𝑗 = 𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑏𝑙𝑒_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 ∙ 𝑟!!!! (45) 

 

A few key features form the above equation must be comprehended. Firstly, 𝑗 stands for the 

𝑗!! good to be consumed from household ℎ, and 𝑟 is a heterogeneous reduction parameter. 

Therefore, when a household consumes an extra good then its utility decreases by a factor 𝑟, 

allowing decreasing marginal consumption utilities to dictate consumption patterns (complies 

with Engles’ law). Also from the equation it can be noticed that for the first good to be 

consumed (𝑗 = 1) its respective utility equals the household’s disposable income (or funds), 

which is in line with the condition that each household must try to purchase one good at least 

each iteration and to calibrate the perceived utility with the households’ income. 

When the consumption goods market closes, the household updates its liquidity by 

subtracting to its disposable income (pre-goods market) the different quantities and 

respective quantities purchased in the market. This task is performed automatically at the 

market whenever any transaction takes place and households are constrained to their own 

disposable income to consume (debt is not an option of financial support for consumption 

needs). Households’ funds at the end of each month can be pictured as the following: 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!(𝑇) = 𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑏𝑙𝑒_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 − 𝑝𝑟𝑖𝑐𝑒(𝑖)
!

!!!

 (46) 

 

Every household is entitled with a reservation wage, which consists on the minimum salary 

that each household is willing to work for (Riccetti et al. (2013), Dawid et al. (2013); Lengnick 

(2013)). The reservation wage changes upon the employment status and wage conditions at 

firms (Riccetti et al. (2013)). For every month a household is unemployed, its reservation 

wage decreases by a factor 𝜑! until it reaches the minimum wage, while if employed its 

reservation wage is boosted to the equivalent of its real salary. This phenomena is tailored by 

the following algorithm: 

 

𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑚𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 →  𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇) = 𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇 − 1) ∙ (1 − 𝜑!) 
(47) 

𝑖𝑓 ℎ 𝑖𝑠 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 →  𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇) = 𝑤𝑎𝑔𝑒!,! 𝑇  

 

																																																								
15 In this model, the money’s utility equals the monetary units for simplifying reasons. 
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Reducing the reservation wage during each month of unemployment will consequently 

increase the household’s chance of getting employed because it becomes more accessible 

for firms to hire, which will impact overall employment and output. If a household is 

unemployed, then it enters in the labour market actively searching for a job contract. 

 

4.1.2. Consumer Goods Firms 
Consumer goods firms are another key agent in this economy. They are responsible for both 

consumer goods production along with employing households in the manufacturing 

processes. 

At the beginning of each month, each firm faces the target production decisions, which 

outputs how many consumer goods they are in fact producing in the current month period. 

This decision drives, on the aggregate level, the overall output of the economy for the month 

ahead. Production decisions are based on inventory policies and volumes of sold goods in 

the previous month (Lengnick, 2013). Before the consumption goods market opens the firm’s 

inventory is as follows: 

 

𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇) = 𝐹𝑖𝑛𝑎𝑙_𝑠𝑡𝑜𝑐𝑘!(𝑇 − 1) + 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇) (48) 

 

which represents the final inventory (unsold inventory) from the previous month plus the 

current production levels. 

After the goods market closes, the inventory from firms is updated by eliminating the sold 

quantities purchased by households (𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇)): 

 

𝐹𝑖𝑛𝑎𝑙_𝑠𝑡𝑜𝑐𝑘!(𝑇) = 𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇) − 𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇) (49) 

 

The inventory policies define the minimum volume of inventory a firm must keep to meet the 

current state of demand. Therefore, it is necessary to compare the sold goods from last 

market round with the inventory before market opening in order to assess if it is required to 

increase/decrease production in the present month or if it stays the same and before. There is 

an upper and lower bound for inventory levels given by two different parameters (𝛾! and 𝛿!) 

and production variance is set upon one single parameter (𝛽 ). The prior statement is 

translated by the next algorithm: 

 

𝑖𝑓 𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇 − 1) ≥ 𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇 − 1) ∙ (1 − 𝛾!)
𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇) =  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇 − 1) ∙ (1 + 𝛽)

 
(50) 

𝑖𝑓 𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇 − 1) ≤ 𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇 − 1) ∙ 𝛿!
𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇) =  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇 − 1) ∙ (1 − 𝛽)
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In Equation 50, 𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!  was used instead of 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!  because this new 

desired production must comply with budget and workforce constraints, which means that 

firms must have enough liquidity to finance these new targets. In order to increase production, 

firms must hire in the labour market for the necessary labour supply to account for this 

increase. Therefore, the only way firms aren’t able to meet these targets are dependent on 

the budget constraints to meet households’ reservation wage demands. On the opposite side, 

if a firm wants to decrease production, it is due to the fact that sales aren’t at the required 

level, and firms might not even hold enough funds to finance this decreased volumes of 

consumption goods. In this case, firms dismiss workers one by one form the most expensive 

to the cheapest in the workforce until their liquidity is sufficient. It is important to mention that 

since households’ productivity is homogeneous in this model, this reduction is easily 

calculated. 

  

Pricing decisions are analogous to the production decisions, because they are based on 

inventory policy as well. The algorithm and dynamics are almost the same by only changing 

the variance parameters from Equation 50 to 𝜎, 𝜇, 𝜃! and 𝜔!16:  

 
𝑖𝑓 𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇 − 1) ≥ 𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇 − 1) ∙ (1 − 𝜎)

𝑝𝑟𝑖𝑐𝑒!(𝑇) =  𝑝𝑟𝑖𝑐𝑒!(𝑇 − 1) ∙ (1 + 𝜃!)
 

(51) 
𝑖𝑓 𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠!(𝑇 − 1) ≥ 𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡!(𝑇 − 1) ∙ 𝜇

𝑝𝑟𝑖𝑐𝑒!(𝑇) =  𝑝𝑟𝑖𝑐𝑒!(𝑇 − 1) ∙ (1 − 𝜔!)
 

 

Pricing a batch of production must comply with one simple restriction, which sates that the 

unitary costs of production must be lower than the decided price of the same batch. It is 

dangerous for the firm if the price is too close to the unitary costs because it might mean that 

only great volumes of sold goods generate positive profits: 

 

𝑝𝑟𝑖𝑐𝑒! 𝑇 ≥ 𝑢𝑛𝑖𝑡_𝑐𝑜𝑠𝑡𝑠!(𝑇)

𝑢𝑛𝑖𝑡_𝑐𝑜𝑠𝑡𝑠!(𝑇) =
1

𝑤𝑜𝑟𝑘𝑓𝑜𝑟𝑐𝑒!
𝑤𝑎𝑔𝑒!,!(𝑇)

!"#$%"#&'!

!!!

 (52) 

 

Every batch of production that is not sold in the respective month of manufacturing is stocked 

in the inventory and sold in the subsequent month at the same price. Once every year there is 

a month where the unsold goods are on sale, which means that prices decrease by a factor of 

𝜏 compared it their respective previous price. 

 

From the previous equations, it becomes clear the firms’ approach to the consumer goods 

market, where pricing and production decisions must be made to face this market. Regarding 
																																																								
16 Equations 50 and 51 some of the parameters were chosen to be heterogeneous among the agents. This choice 
was made after the sensitivity analysis and respected the less sensitive parameters. This was it is possible to build a 
heterogeneous society of agents. 
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the labour market, the dynamics are somehow different because firms are the demand side 

instead of the supply side like in the previous case. 

Firms attend the labour market, in search for a new set of workers to meet their production 

requirements for the month. Therefore, firms might enter the labour market because of one 

reason only: means to increase production (𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇) >  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇 − 1)). 

In the first case it is easy to assess how many job vacancies the firm will open because 

individual productivity is fixed (𝜆) and it is only matter of funds and market conditions to 

successfully hire at the respective month. The number of job vacancies is translated by: 

 

𝑗𝑜𝑏_𝑣𝑎𝑐𝑎𝑛𝑐𝑖𝑒𝑠!(𝑇) =
𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇) −  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛!(𝑇 − 1)

𝜆
 (53) 

 

From here firms aim at hiring the cheapest workers they can find respecting budget 

constraints. 

Finally, it is necessary to define how the wage dynamics work in order to attract the required 

workers for manufacturing purposes.  

Every firm is entitled with a wage offer, which is the salary that a certain firm is wiling to pay to 

the next incoming worker. Households within the same firm get paid differently, as their 

respective wages are a consequence of the labour market conditions at the time along with 

their respective reservation wages. The wage offer varies in two different forms: if a firm fails 

to hire all its labour needs, then the wage offer for the next month increases by a factor 𝜀!; 

while if a firm successfully meets their labour hiring objectives, then it lowers the wage offer 

for the next month. During the months when a firm does not enter the labour market, the 

wage offer stays fixed. These decisions are depicted in the following algorithm: 

 

𝑖𝑓 𝑎𝑙𝑙 𝑙𝑎𝑏𝑜𝑢𝑟 𝑛𝑒𝑒𝑑𝑠 𝑤𝑒𝑟𝑒 𝑚𝑒𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑙𝑎𝑏𝑜𝑢𝑟 𝑚𝑎𝑟𝑘𝑒𝑡 
→ 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!(𝑇) = 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!(𝑇 − 1) ∙ (1 − 𝜀!)

 
(54) 

𝑖𝑓 𝑎𝑙𝑙 𝑙𝑎𝑏𝑜𝑢𝑟 𝑛𝑒𝑒𝑑𝑠 𝑤𝑒𝑟𝑒 𝑛𝑜𝑡 𝑚𝑒𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑙𝑎𝑏𝑜𝑢𝑟 𝑚𝑎𝑟𝑘𝑒𝑡 
→ 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!(𝑇) = 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!(𝑇 − 1) ∙ (1 + 𝜀!)

 

 

These equations contribute to the supply and demand forces in the labour market. There is 

still one more characteristic that allows wage variance within a firm. If the employment rate is 

higher than a factor of 𝜋, firms increase wages in 1% as an incentive to keep households in 

the workforce, which can be read in the next equation:  

	
𝑖𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑟𝑎𝑡𝑒 ≥ 𝜋 → 𝑤𝑎𝑔𝑒!,! 𝑇 ∙ (1 + 0.01) (55) 

 

It is important to notice that Equation 55 applies to the entire workforce of firm 𝑓, while 

Equation 54 respects only to the newly incoming workers from the labour market. 
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4.1.3. Banks 
Banks have a minor influence in this economy. They are merely responsible to ensure all 

financial transactions among agents. Households and firms deposit funds in their bank 

accounts and whenever they need to purchase or pay wages, banks perform these 

transactions. 

 

4.1.4. Consumer Goods Market 
One of the main objectives of an ACE model is to provide agents with a complete set of 

decisions to make them fully independent. Therefore, markets are only a consequence of 

their profiles and interactions. In an ACE environment, markets are considered agents as well 

due to the fact that these have their own functions. The consumer goods market is the 

platform where households are able to purchase consumer goods and firms sell them at a 

certain price. In this current market, Tesfatsion (2005)’s price discovery process was used 

with an asymmetric parameter 𝜗 that excludes a certain percentage of firms from households’ 

visibility. Households are ordered randomly and purchase from their visible network of 

consumer goods firms from the cheapest to the most expensive and purchase according to 

their respecting utility. Households compare their consumption utility from buying the next 

product (marginal utility to consume) to its market price and decide whether to buy it or not: 

 

𝑖𝑓 𝑢𝑡𝑖𝑙𝑖𝑡𝑦! 𝑗 ≥ 𝑝𝑟𝑖𝑐𝑒! → ℎ 𝑏𝑢𝑦𝑠 𝑗!! 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 𝑔𝑜𝑜𝑑 
(56) 

𝑖𝑓 𝑢𝑡𝑖𝑙𝑖𝑡𝑦! 𝑗 < 𝑝𝑟𝑖𝑐𝑒! → ℎ 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑏𝑢𝑦 𝑗!! 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 𝑔𝑜𝑜𝑑 

 

Firms update their inventories in real time and transactions are ensured by banks as 

payments are also performed instantaneously. The market closes if households’ needs are 

fully met or if firms’ inventories are sold out. 

 

4.1.5. Labour Market 
The main algorithm behind job contracts that bridge firms and unemployed households 

consider reservation wages and wage offers (Riccetti et al. 2013). As mentioned before, 

consumer goods firms are the demand force on this market, thus randomly ordered on one 

side. On the other side, households are displayed according to their reservation wage 

because firms attempt to hire from the cheapest to the most expensive workers. The match is 

successfully conducted when firms offer to pay more than the households’ reservation wage, 

translated by the following algorithm: 

 

𝑖𝑓 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟! 𝑇 ≥ 𝑟𝑒𝑠_𝑤𝑎𝑔𝑒! 𝑇 → ℎ 𝑎𝑐𝑐𝑒𝑝𝑡𝑠 𝑗𝑜𝑏 𝑜𝑓𝑓𝑒𝑟 
(57) 

𝑖𝑓 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟! 𝑇 < 𝑟𝑒𝑠_𝑤𝑎𝑔𝑒! 𝑇 → ℎ 𝑟𝑒𝑗𝑒𝑐𝑡𝑠 𝑗𝑜𝑏 𝑜𝑓𝑓𝑒𝑟 
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The labour market opens when firms have assessed all their job vacancy openings and 

closes if there are no more possible matches. There is also an asymmetric parameter 

constraining firms’ visibility towards the unemployed households (𝜂). 

 

 

4.1.6. Timeline of the model (intra-iteration). 
 

1st. Consumer goods firms set their new wage offers according to the previous labour market 

outlook and unemployment rates (Equations 54 and 55). 

 

2nd. Consumer goods firms set their new target production batch according to the previous 

consumer goods market outlook (Equation 50). 

 

3rd. Depending on outcome of the 2nd stage, firms decide on their new required work force 

and decide whether to hire in the labour market or dismiss workers (Equation 53). 

 

4th. Labour market opens and firms hire households as labour inputs by the cheapest as their 

main decision criteria and constrained by a visibility parameter (𝜂 ). Matches between 

households and firms comply with reservation wage and wage offer. Labour market closes 

when all firms hired according to their possible budget and wage offers limitations (Equation 

47).  

 

5th. Final productions are updated according to the current market outputs and final costs are 

assessed (Equation 48). 

 

6th. Consumer goods firms pay their employees the respective established wage. Pricing 

decisions take place with respect to both the previous goods market’s outlook and final labour 

costs constrains. Once a year inventories are put on sale discounts by a factor 𝜏 (Equations 

51 and 52). 

 

7th. Consumer goods market opens bridging firms as the goods suppliers with households as 

the demand side. Heterogenic marginal utilities and budget constrains as well as the 

respective goods’ prices and visibility limitations set consumption patterns. The market closes 

when households have met their respective consumption needs, suppliers stock out their 

products or there is no more existing matches. Firms update their final inventory levels as 

consequence (Equations 44, 45, 46, 49 and 56). 

 

8th. Households update their reservation wage according to their respective labour market 

experience or employment conditions (Equation 47). 
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9th. Macroeconomic aggregate indexes are calculated: unemployment rates, inflation, 

average prices, final liquidities (wealth) from agents and aggregate stocks, consumption, 

wealth, unfilled job vacancies. 

 

10th. Economic inequalities are assessed: income, wealth, consumption and wage gini 

coefficients (Equation 3). 

 

 

 

 

4.2. Validation and Results  
 
This subsection is reserved to present the main results and findings from the baseline model 

previously designed. Any simulation based on a representative model must comply with the 

empirical economic rules in order to be properly validated to be worthy of analysis. Therefore, 

this section aims at providing both the results along with their necessary validation. In the 

following table is depicted the set of parameters used in the model and explained in the 

previous subsection, as well as their respective value upon which the simulation runs on. 

 

Notation Definition Value 
𝐻	 Number of Households. 500 
𝐹	 Number of Firms. 50 

𝑖𝑛𝑖𝑐𝑖𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!	 Initial households’ funds (at 𝑇 = 0). 0 
𝑖𝑛𝑖𝑐𝑖𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!	 Initial firms’ funds (at 𝑇 = 0). 250 

𝑟! Utility reduction factor by household ℎ. 𝑟𝑎𝑛𝑑𝑜𝑚(0,4; 0,6) 
𝑟𝑒𝑠_𝑤𝑎𝑔𝑒! Reservation wage of household ℎ. 3 

𝜑! Reservation wage reduction factor. 𝑟𝑎𝑛𝑑𝑜𝑚(0,05; 0,2) 
𝑖𝑛𝑡𝑖𝑎𝑙_𝑡𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛! Initial target production by firm 𝑓. 10 

𝛾! Stock lower limit for production increases. 𝑟𝑎𝑛𝑑𝑜𝑚(0,85; 0,95) 
𝛿! Stock upper limit for production decreases. 𝑟𝑎𝑛𝑑𝑜𝑚(0,45; 0,55) 
𝛽	 Production increase/decrease factor. 0,05 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙_𝑝𝑟𝑖𝑐𝑒!,! Price of the initial batch of goods by firm 𝑓. 3 
𝜎 Stock lower limit for price increases. 0,9 
𝜇 Stock upper limit for price decreases. 0,8 
𝜃! Price increase factor. 0,02 
𝜔!	 Price decrease factor. 0,1 
𝜏	 Sale price decreasing factor. 0,6 
𝜋	 Employment Rate for wage increases. 0,9 
𝜆 Households’ productivity. 2 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙_𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟! Initial proposed wage by firm 𝑓. 5 
𝜀! Wage offer increase/decrease factor. 𝑟𝑎𝑛𝑑𝑜𝑚(0,08; 0,15) 
𝜗	 Visibility constraint in the goods market. 0,7 
𝜂 Visibility constraint in the labour market. 1 

min _𝑤𝑎𝑔𝑒	 Minimum wage offer possible. 1 
Table 2. List of initial settings of the baseline model. 

 



	 55	

As explained above in chapter 2. the aim of an ACE model is to be able to reflect 

macroeconomic phenomenon by simply designing the microfoundations of its constituents. 

The economic performance of this tailored artificial society is a result of the emergence of 

these agent-to-agent interactions, without restricting the model by any major exogenous 

constraints. Therefore, the results must be presented on the aggregate cumulative form and 

validated as such. 

The simulation runs for a 100 year period (1200 iterations), which in itself raises questions 

and a few limitations such as the invariant state of households, firms, market conditions or 

regulatory frameworks. On the other hand, it allows the model to build on robust results that 

can be compared among simulations, which is the ultimate objective of this thesis work. Each 

run of the simulation is entitled with its own warm up time, which represents the amount of 

iterations that a simulation requires to reach a state of dynamic equilibrium, which was set to 

2000 iterations. This warm up time is then removed form the results and the 1200 iterations 

start counting from this period onwards. Also each simulation consists of running the same 

scenario (in this case the baseline scenario) 100 times in order to study the impact of the 

heterogeneous random parameters and to provide the most consistent data possible. The 

following figures in this section respect to the randomly chosen run number 52 as an 

illustrative representation of the baseline’s model dynamics. 
 
Endogenous business cycles 
Validating the baseline model is a crucial step to allow this system to generate congruent 

results paving the way for future analysis. The following four figures present the empirical 

economic evidences used to validate the baseline model. Fist of all, in Figure 15 it is 

presented the aggregate wealth of both households and firms as well as the economy’s GDP 

throughout the simulation. GDP is calculated as the overall sum of paid wages and consumer 

goods transactions within each iteration according to the following equation: 

 

𝐺𝐷𝑃 𝑇 = 𝑤𝑎𝑔𝑒! 𝑇
!"#$%&'( !"#$%!!"#$ (!)

!!!

      +  𝑝𝑟𝑖𝑐𝑒!""#(𝑇)
!"#$ !""#$ (!)

!""#!!

 (58) 

 

 
Figure 15. GDP and aggregate wealth from households and firms. 
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The first clear assessment able to be concluded from this graph is that the model is able to 

endogenously create its own business cycles resulting in loops of around 7 years each. This 

phenomenon allows the first validation premise due to the fact that it is a result of the 

functioning demand and supply laws within the model. The GDP fluctuates over periods of 

expansion and depression in line with households’ purchasing power at the moment, as more 

wealth in the household’s side results in a growing demand and therefore higher GDP. 

Decreasing marginal consumption utilities play it’s part on the decreasing consumption 

patterns from households, which shrinks the economy in its recession period after the peak of 

consumption. In this simple baseline model all the economy’s wealth is either on households’ 

or on firms’ side, so their sum must remain constant, which is depicted on the graph. It is also 

clear that GDP and firms’ wealth are negatively correlated because one’s peak is the other 

one’s trough.  

From Equation 57 it is clear that GDP is a function of four main variables: goods’ prices, 

aggregate consumption, wages and employment rates. Each of these variables has a 

different impact on the final GDP. The next two graphs attempt to deliver a few important 

insights on the influence of these variables in the GDP outlook and the generated business 

cycles. Each of the following figures presents a sample of the whole simulation run for 

illustrative purposes. 

 

 
Figure 16. GDP, Aggregate Consumption and Average Prices (x1000) 

 

 
Figure 17. GDP, Average Wages and Number of Households Employed 
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The prior graphs draw conclusions regarding the emergent business cycles generated by the 

model. When both employment (therefore production output) and consumption reach their 

peak, prices are still increasing because there is no constraint on pricing as opposed to the 

total number of households being dictating the maximum production output of the economy. 

Therefore, if consumption justifies inflation, as presented in Equation 51, prices increase. 

Wages also increase because of high employment rates as firms find it hard to get more 

households to work and raise their wage offers. These two phenomena reach their limit when 

prices are unsustainable and households do not have enough utility in purchasing at such 

high values (Equation 45), which consequences in the business cycle turning point. The 

opposite occurs in the negative sloped of the cycle. 

Figures 16 and 17 also present the dynamics behind the existing GDP in this baseline model. 

Firstly it becomes clear that the key parameters that in fact steer GDP are the values of 

wages being paid and the average prices of consumer goods. It is in a sense predictable that 

when prices and wages reach their maximum, GDP tends to peak as well and vice versa. On 

the other hand employment rates and aggregate consumption do not seam to be strictly in 

line with GDP. This fact can be due to lower variations in both of the latter variables when 

compared to their counterparts. For example in Figure 17, around year 72, employment starts 

to increase, which stabilises GDP while wages are still at a relatively low downward trend. 

Full employment is reached around year 74 by increasing 2 fold (from 250 to 500 households 

employed). On the other hand, wages increase 5 fold in their upwards trend from year 74 till 

77, which results in a much higher impact for GDP compared to the employment rate. This 

analysis is analogous for Figure 16. GDP is highly influenced by inflation and deflation, which 

is themselves are driven by consumption as presented in Equation 51. Therefore, even 

though real GDP is often the most used metric to compare different economies, it fails to 

measure the general welfare of the population when there is a rapid variation of prices and 

salaries. 

 

Phillips and Beveridge Curves 

To complete the validation process it must be assessed whether the model complies with 

both the Phillips and the Beveridge curves (Delli Gatti et al. (2008)). The Phillips curve is an 

empirical economic model that states an inverse correlation between unemployment rate and 

inflation, which means that an decrease in unemployment correlated with a increase in 

inflation. The Beveridge curve is the graphical representation of the relationship between the 

job vacancies left unfilled and unemployment rate. According to the prior model there is a 

downward slope to this relationship, which states a inverse relationship between 

unemployment and unfilled job vacancies. 

In Figures 18 and 19 is represented the graphical representation of these rules with their 

respective linear regression as an illustrative example of the correlation between both of the 

variable included. The linear regression is present only to illustrate the trend of plotted inputs 
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because these relationships are not meant to be strictly linear. It is possible to assess that the 

baseline model complies with both the Phillips and Beveridge curves. 

 

 
Figure 18. Phillips Curve. 

 
Figure 19. Beveridge Curve. 

 
Production, Consumption and Inventories 

Okun (1962) stated that there is a positive correlation between employment rates and 

aggregate production output within an economy. In an overly simplified version of an 

economy such as the one designed in this model it is hard to run away from this rule because 

labour is only possible input for production purposes. Regardless, it is important to present 

the relationship among production output, employment and the levels of inventories within the 

model. In the following two figures these are depicted for different periods of the simulation 

run. 

 
Figure 20. Employment, Aggregate consumption and production output. 
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Figure 21. Aggregate consumption and inventories. 

	
Economic inequalities 

Lastly it is of crucial importance to understand the dynamics behind the existing economic 

inequalities within the model. Income, wealth and consumption inequalities are closely 

illustrated in the following figures as well as their relationship to the aggregate levels of 

consumption. 

 
Figure 22. Income, Wealth and Consumption Inequality. 

 

 
Figure 23. Aggregate Consumption, Income and Wealth Inequalities. 

 

From Figure 22 it is possible to notice wealth inequality is consistently higher than income 

inequality. This is an expected result according to the previous research conducted in 
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Chapter 2 because richer households consume more but also save more when compared to 

the poorer ones, which increases the existing wealth disparities amongst the population. 

Income and consumption inequalities are almost identical because households’ purchasing 

power is closely related to their respective income. Also it is important to mention that, in this 

baseline model, wage and income inequality are equal because wages are the only source of 

income (this statement will not hold true in subsequent policy analysis). 

Economic inequalities are closely correlated with the levels of aggregate consumption as 

depicted in Figure 23. This inverse correlation between Gini coefficient and aggregate 

consumption is evident, which allows the conclusion that economic disparities also increase 

with unemployment and decreasing production outputs. In fact, this is clear in the following 

graph that plots the positive correlation between income inequality and unemployment rates 

and sets the concluding remarks for the inequality dynamics. 
 

 
Figure 24. Unemployment Rate and Income Inequality. 

 
 

4.3. Sensitivity Analysis 

 

Another key concept to assess the robustness of the designed model is through a 

comprehensive sensitivity analysis. This method consists on varying key parameters behind 

the model’s structure in order to understand their effect on the outcome and results of the 

model. The main focus of this sensitivity analysis is to focus on the validation references that 

support the understanding of having a well constructed system. In other words, if a certain 

parameter’s variance fails to validate the model’s results then it can be understood that the 

model is sensitive to this specific parameter. In these cases the respective illustrative results 

are presented as explained. 

The following table exposes the analysis performed. In the column on the left is specified the 

parameter under study and its base value is settled upon the prior initial settings reference 

from subsection 4.1. The third column consists of the deviation undertaken by the parameter 

and the last three refer to the validation processes under scrutiny. Appendix A.3. shows in 

better detail the graphs for the three last column of the following table. 
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Parameter Base-value Deviation (%) 
Endogenous 

business 
cycles 

Phillips 
Curve 

Beveridge 
Curve 

𝐻	 500 750 (+50%) √ √ √ 
𝐻	 500 250 (-50%) √ √ √ 
𝐹	 50 75 (+50%) √ √ √ 
𝐹	 50 25 (-50%) X X X 
𝑟!	 0,5 0,4 (-20%) √ √ √ 
𝑟!	 0,5 𝑟𝑎𝑛𝑑𝑜𝑚(0,1; 1) √ √ √ 
𝜑! 0,1 0,2 (+100%) √ √ √ 
𝛾! 0,9 0,7 (-22%) √ √ √ 
𝛿! 0,5 0,2 (-60%) √ √ √ 
𝛽 0,05 0,06 (+20%) √ √ √ 
𝛽	 0,05 0,07 (+40%) √ √ X 
𝛽	 0,05 0,08 (+60%) √ X X 
𝛽	 0,05 0,09 (+80%) X X X 
𝜎 0,9 0,95 (+5,5%) √ √ √ 
𝜇 0,8 0,5 (-44%) √ √ √ 
𝜃! 0,02 0,2 (+1000%) √ √ √ 
𝜀! 0,1 0,2 (+100%) √ √ √ 
𝜗 0,7 0,5 (-28,5%) √ √ √ 

Table 3. Sensitivity Analysis. 
 
 
From the table above it is possible to identify two key parameters where the model fails to 

meet the required validation procedures These are the number of existing firms and the 

production increase/decrease factor that dictate the percentage of production 

increases/decreases as a consequence of the previous month’s consumer goods market. The 

macroeconomic results from both scenarios are similar so the subsequent analysis is 

analogous among them. The next graphs present the macroeconomic outlook of the baseline 

model where the number of firms is reduced from the initial settings (50) to only 25 firms. 

 
 

 
Figure 25. GDP, households’ and firms’ wealth. 

 

 
Figure 26. Unemployment rate. 
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Figure 27. Aggregate production and consumption. 

 

 
Figure 28. Consumption, wealth and income 

inequality. 

 
Figure 29. Unfilled Job Vacancies. 

 
Figure 30. Average Prices. 

 
A few important microeconomic relationships drive these results. Firstly it possible to observe 

that the firms’ and households’ wealth remain relatively constant throughout the simulation 

while GDP also stagnates. Figures 26 and 29 paint the labour market outlook with constantly 

high degrees of unemployment associated with consistent no job vacancies left unfilled. A 

stagnant GDP is consequence of the unchangeable levels of production, sold goods and 

respective prices (Figures 25 and 27). Assertions of low GDP driven by high economic 

inequality levels can correlate to the previous subchapter analysis (Figure 28). 

The key differentiator from this scenario compared with “healthy” economies (successful on 

validation) is the labour market performance. In this example, unemployment never lowers 

30% and tends to increase towards half of the population. On the same hand the number of 

unfilled job vacancies is zero throughout the whole 100 years of simulation, which means that 

whenever firms wanted to hire an extra worker there was always one available (due to high 

unemployment). This latter combination of factors pushes wages towards the minimum wage 

because firms aren’t incentivized to increase payrolls. With consistently low wages and high 

unemployment as a constant landscape, consumption shrinks, and therefore production as 

well. Low stagnating prices and production consequences in evident poor economic 

performance. 

This sensitivity analysis was crucial in assessing two different conclusions. At first the model 

seams to be highly sensitive to the production increase/decrease factor as well as on the 

number of firms relative to the respective number of households. Then the role of the labour 

market is highlighted as a severe sensitive aspect of the model, which might bring certain 

limitations in the subsequent simulation runs. The labour market version of Lengnick (2013) 

was adopted in this model where firms only increase wages due to a shortage of labour 

supply from the previous period, allowing the laws of supply and demand to dictate the 

relationships between these agents (and well). On the other hand, wages only increase if the 
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employment cycles approach full employment and therefore leaving behind unfilled vacancies 

form firms willing to increase human resources to inflate production levels. This assumption 

seams perhaps too abrupt and limits the model to function only in compliance with this rule. 

This drawback can easily be fixed with firms proposing higher wage offers when employment 

reaches critical levels, smoothening this phenomenon. For this purpose, firms would have to 

study and know the macroeconomic performance of its surroundings, which this baseline 

model avoids the most. On the other hand, Oeffner (2004) recurs to macroeconomic 

performance indexes such as expected inflation and output growth to establish the base 

wage in bargaining negotiations between firms and unions (Equation 21). In fact firms in their 

real business environments use macroeconomic metrics extensively so there is no reason to 

leave them out of an ACE design. Nevertheless, this is a major conclusion regarding the 

model’s dynamics. 

 

4.4. Final Remarks 

This chapter presented the baseline model upon which the economic policies analysis, the 

main focus of the present work, are going to be implemented and studied. A bi-sector 

decentralized market economy is created minimizing the use of macroeconomic parameters 

was to define the agents’ set of actions. Therefore households’ and firms’ behaviours are a 

direct consequence of their experiences and interactions within the economy, which 

consequence in the emergent macroeconomic outlook of this artificial society. 

Households and firms are connected through both the labour and consumer goods markets. 

These markets also connect indirectly because the occurrences on one side influence the 

output on the other and vice-versa. This is notoriously demonstrated in the results and 

validation subsection where performance indexes from different markets are put together and 

correlations are drawn. The model is also consistent with empirical economic phenomenon 

registered in modern economies such as generating endogenous business cycles, the 

positive correlation between production output and employment rates, the inverse correlation 

between GDP and economic inequalities or the observed lapses between unemployment and 

GDP. Upon these outcomes it is possible to validate this baseline model as a good 

representation of a real (but rather simple) economic system. 

There are naturally many lacking components to this model like a consistent financial system, 

the existence of only one economic sector or the inexistence of economic growth due to no 

productivity or technological advances, all of which strip the model from a certain realism. 

These were not included because they were not the main focus or scope of this thesis and 

arguably unnecessary to study the impact of economic inequalities on the business cycle 

dynamics. 

Assessing the impact of economic inequalities are indeed the focus of this study but the 

model’s performance also provides important conclusions for its own understanding and 

possible future improvements. This exercise is of crucial importance because extensively 

understanding the model and its limitations sets important correlations to the results obtained 
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in the end. In the last sensitivity analysis subsection it is possible to conclude that the 

baseline model is highly sensitive towards how much production increases of decreases 

throughout the simulation as well as the ratio between the number of firms and households. 

Important remarks are also found on the key role of the labour market’s design and 

limitations, allowing full employment to become a major influencer on healthy business cycles 

and an unnecessary constraint on the model’s validation and accountability. 
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Chapter 5. The AMoSI Model and Policy Analysis 

 

This Chapter presents the culminating intersection between the economic inequality research 

conducted in Chapter 2 with both the state of the art and baseline model from Chapters 3 and 

4. Here, the final details will be introduced into the baseline model in order to comply with the 

necessary parameters required for the policy analysis. This exercise will generate our new 

model: the AMoSI model (Agent-based Model for Studying Inequalities). In the later sections 

of this Chapter, the policy analysis will be conducted and conclusions will be drawn regarding 

both the welfare redistribution policy and the model’s design. 

 

5.1. The AMoSI model 

5.1.1. Education tiers 
In the baseline model, individual productivity from households is set to a non-variant 

homogeneous parameter (𝜆). This fact striped the model form individual improvements by 

settling households as fixed units of labour. Introducing education tiers and work-based-skills 

into the model stands against this initial assumption and poses as a means for personal 

improvements, labour efficiency and a new concept of human resource optimization. From 

this point on there is a non-linear correlation between labour productivity and output. Dawid et 

al. (2013) provides one possible alternative to introduce this feature. In Equation 35 

(subsection 3.5.1.), Dawid et al. (2013) define work-based-skills as a function of education 

and work experience. Work-based-skills measure households’ labour productivity (𝜆!), which 

varies throughout the simulation and differs by technology vintages. Technology variance is 

not in the scope of the present model because it is not the primary focus of the study being 

conducted, therefore a few adjustments to Equation 35 must be undertaken to comply with 

the specifics of the baseline model. Just as in equation 35, education tiers (𝑒𝑑𝑢_𝑡𝑖𝑒𝑟! ) 

represent the level of formal education and influence households’ learning curve, which 

means that higher educated households improve their labour productivity faster. Three 

principal education levels are presented in the AMoSI model: i) basic education, ii) 

technical education and iii) higher education, which result in different having their 

respective associated productivities. The increment of labour improvement is updated 

monthly and it decreases if the household is unemployed. The productivity algorithm takes 

the following form: 

 

𝑖𝑓 ℎ 𝑖𝑠 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 → 𝜆! 𝑇 = 𝜆!(𝑇 − 1) +
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟!
𝜆!(𝑇 − 1)

 
(59) 

𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 → 𝜆! 𝑇 = 𝜆!(𝑇 − 1) ∙ (1 − 𝑝𝑟𝑜𝑑_𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒) 
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From the previous equation it becomes clear how the education levels influence the final 

household’s productivity, as they are an input for this calculation. The parameter 

𝑝𝑟𝑜𝑑_𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 is homogenous among all households regardless of their education level. 

The introduction of the variable labour productivities due to education levels alters the 

perspective on which firms approach households in the labour market. Before, firms hired 

households merely based on their reservation wage because every household manufactured 

the same. With heterogeneous individual productivities, firms hire with respect to productivity 

standards, reservation wage and budget restrictions.  

The model is calibrated in order to prevent big discrepancies among households’ productivity 

so that the firing procedures do not affect output with disproportionate consequences. The 

possible output from a firm will be assessed by the sum of the individual productivities from its 

workforce (after the labour market closes): 

 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛! 𝑇 = 𝜆!

!"#$%"#&'

!!!

 (60) 

 

As in Dawid et al. (2013), education levels were exogenously imposed in the model, because 

the opposite would mean that a full set of decisions must have been introduced in the 

households’ decision set in order for them to pick which investment on education to 

undertake. These decisions are not under the scope of the present thesis work. In fact, the 

introduction of these work-based-skills and education tiers allow the analysis on how to most 

adequately structure the education levels within an economy, and provide another 

perspective on economic inequalities and output. In fact, this is the approach taken in 

subsequent chapters, where the percentages of households in different education tiers vary 

and its outcome is assessed. 

 

5.1.2. Welfare Redistribution Policies 
The introduction of education tiers is included to provide the AMoSI with a more realistic 

outlook. Welfare redistribution policies are taken under analysis and therefore a proper 

platform must be designed to successfully facilitate them. Redistribution is about collecting 

taxes to later distribute them among households in the most adequate possible way. The goal 

of this assessment is to understand how the ACE model interprets different redistribution 

schemes upon income and consumption inequalities as well as macroeconomic performance. 

The first thing to include is a new type of agent: the Government. The government is the one 

responsible for collecting these taxes and transferring the tax revenue among households. 

There are two parts to this equation: tax revenues and tax expenditures. Budget deficit is 

allowed on this economy with the government borrowing free from the financial system, which 

means that there are no interest rates on sovereign debt to be accounted for. 

Three main taxes are introduced to account for the tax revenues from the government: the 

VAT, the income tax and the corporate tax. The VAT, or the value-added tax, is set upon 
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consumption goods products; the income taxes refer to households’ payable taxes for active 

work performed (wage taxes); and corporate taxes are the consumer goods firms’ annual 

profit tax. 

On the tax expenditures side, we consider three main redistribution strategies: the minimum 
benefit, the unemployment benefit and the earned tax credit. The unemployment benefit 

respects to households that have been unemployed for less than 𝜛 iterations (months) and is 

a percentage (𝜈) of the households’ last wage while employed. The minimum benefit is the 

amount of liquidity that governments pay households that are outside the unemployment 

benefit coverage time (more than 𝜛 months), and accounts for the minimum wage net of 

income taxes. Finally the earned tax credit is an employment benefit for the active labour 

force that decreases linearly with the households’ respective income level. These benefits are 

constrained with respect to the minimum benefit, which means that for example, the 

unemployment benefit cannot be lower that the minimum benefit. The government benefits 

are depicted by the following equations: 

 

                         𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑡𝑖𝑚𝑒! >  𝜛:
→ 𝑚𝑖𝑛 _𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇) = 𝑚𝑖𝑛_𝑤𝑎𝑔𝑒 ∙ (1 − 𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥)  

(61) 

𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑡𝑖𝑚𝑒! ≤  𝜛:
→ 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇) = min [  𝑙𝑎𝑠𝑡_𝑤𝑎𝑔𝑒! ∙ 𝜈  ;  min _𝑤𝑎𝑔𝑒 ∙ 1 − 𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥  ] 

𝑖𝑓 ℎ 𝑖𝑠 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑: 

→ 𝑒𝑎𝑟𝑛_tax_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇) =
1,5 −

𝑤𝑎𝑔𝑒!,! 𝑇
2

     𝑖𝑓  1 ≤ 𝑤𝑎𝑔𝑒!,! 𝑇 ≤ 3

0       𝑖𝑓 𝑤𝑎𝑔𝑒!,! 𝑇 > 3

 

 

Introducing welfare policies such a redistribution package tailored by the previous equations 

affects the labour market dynamics. Households will no longer get paid only their gross (or 

net) salary but also an employment benefit on top, which poses as an incentive for them to 

work. The household accepts an offer based on the wage offer from the firm plus the benefit it 

will consequently earn. The government pays these subsidies regardless of economic 

performance, contracting debt if necessary: 

 

𝑓𝑖𝑛𝑎𝑙_𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!,!,!(𝑇) = 𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!,!(𝑇) +  𝑒𝑎𝑟𝑛_tax_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇) (62) 

 

On the other hand, if a household gets unemployed, its reservation wage starts decreasing at 

a value because of this benefit, which leads to a disincentive to work. 

 

The only beneficiaries from government subsidies are households but the introduction of 

taxes for both sectors in this economy will impact both their decisions. In the next paragraphs 

until the end of the present subsection, a closer look into these variances is conducted in 

parallel with subsection 4.1.. 
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In the household sector, the disposable income (Equation 44) varies due to the presence of 

the income tax. Therefore the new disposable income is: 

 

𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑏𝑙𝑒_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 = 𝑓𝑖𝑛𝑎𝑙_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 + 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙_𝑓𝑢𝑛𝑑𝑠!(𝑇 − 1)
𝑓𝑖𝑛𝑎𝑙_𝑖𝑛𝑐𝑜𝑚𝑒! 𝑇 = 𝑛𝑒𝑡_𝑤𝑎𝑔𝑒!,! 𝑇 + 𝑒𝑎𝑟𝑛_tax_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇)

𝑛𝑒𝑡_𝑤𝑎𝑔𝑒!,! 𝑇 = 𝑤𝑎𝑔𝑒!,!(𝑇) ∙ (1 − 𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥)
 (63) 

 

The residual part of the wage paid by the firm enters the government’s account (𝑤𝑎𝑔𝑒!,!(𝑇) ∙

𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥).  

In the goods market, households visualize the market price (𝑚𝑎𝑟𝑘𝑒𝑡_𝑝𝑟𝑖𝑐𝑒!) instead of merely 

the previously used goods price decided by the firms (𝑝𝑟𝑖𝑐𝑒!): 

 

𝑚𝑎𝑟𝑘𝑒𝑡_𝑝𝑟𝑖𝑐𝑒!(𝑇) = 𝑝𝑟𝑖𝑐𝑒!(𝑇) ∙ (1 + 𝑉𝐴𝑇) (64) 

 

It is upon the market price of consumption goods that households compare their utility profiles 

to assess how much to purchase due to the fact that the 𝑉𝐴𝑇 is paid by the consumer. 

Therefore, when a household buys one product, it pays to the government 𝑝𝑟𝑖𝑐𝑒!(𝑇) ∙ 𝑉𝐴𝑇 

while the firm receives the same as before (𝑝𝑟𝑖𝑐𝑒!(𝑇)). 

Another factor that changes for households is the reservation wage (Equation 47). The model 

must ensure that the reservation wage is not lower the minimum benefit and that households 

reservation wage is higher (or equal) when compared to the incoming benefit from the 

government. Also with the introduction of welfare benefit tiers, the model must comply and be 

consistent with them. Therefore, the reservation wage formula is replaced by the following: 

 

 𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑡𝑖𝑚𝑒 >  𝜛:
𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇) = 𝑚𝑎𝑥  𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇 − 1) ∙ (1 − 𝜑!) ;  𝑚𝑖𝑛_𝑤𝑎𝑔𝑒  

(65) 
 𝑖𝑓 ℎ 𝑖𝑠 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑎𝑛𝑑 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑡𝑖𝑚𝑒 ≤  𝜛:

𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇) = 𝑚𝑎𝑥 𝑙𝑎𝑠𝑡_𝑤𝑎𝑔𝑒! ∗ 𝜈 ;  𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇 − 1) ∙ (1 − 𝜑!) ;  𝑚𝑖𝑛_𝑤𝑎𝑔𝑒  

 𝑖𝑓 ℎ 𝑖𝑠 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 ∶
𝑟𝑒𝑠_𝑤𝑎𝑔𝑒!(𝑇) = 𝑤𝑎𝑔𝑒!,!(𝑇) +  𝑒𝑎𝑟𝑛_tax_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇)

 

 

Lastly each firm pays taxes on its annual profits, which represents the last revenue stream 

from the government and the equation is as follows (the next formula depicts the first annual 

corporate tax paid by a firm as an illustrative example): 

𝑛𝑒𝑡__𝑝𝑟𝑜𝑓𝑖𝑡!(𝑇 = 12) = (1 − 𝑐𝑜𝑟𝑝_𝑡𝑎𝑥) ∙ 𝑝𝑟𝑜𝑓𝑖𝑡𝑠!(𝑇)
!"

!!!

 (66) 

 

It is also important to mention that corporate taxes are only paid when the annual profits of 

the firm is positive, while they can incur in negative monthly profits. 
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5.1.3. Timeline of the AMoSI (intra-iteration). 
 

1st. Consumer goods firms set their new wage offers according to the previous labour market 

outlook and unemployment rates (Equation 54 and 55). 

 

2nd. Consumer goods firms set their new target production batch according to the previous 

consumer goods market outlook (Equation 50). 

 

3rd. Depending on outcome of the 2nd stage, firms decide on their new required work force 

and decide whether to hire in the labour market or dismiss workers (Equation 53). 

 

4th. Labour market opens and firms hire households as labour inputs by the productivity-

wage standard as their main decision criteria and constrained by a visibility parameter (𝜂). 

Matches between households and firms comply with reservation wage and final wage offer 

(benefit included). Labour market closes when all firms hired according to their possible 

budget and wage offers limitations (Equation 47, and 62).  

 

5th. Final productions are updated according to the hired individual households’ 

productivities and final costs are assessed (Equation 60). 

 

6th. Consumer goods firms pay their employees their respective established wage and pricing 

decisions take place with respect to both the previous goods market’s outlook and final labour 

costs constrains. Once a year inventories are put on sale discounts by a factor 𝜏 (Equations 

51 and 52). 

 

7th. Government pays households their respective tax benefit according to their employment 

status and receive income tax from employed households (Equation 61). 

 

8th. Consumer goods market opens bridging firms as the goods suppliers with households as 

the demand side. Heterogenic marginal utilities and budget constrains (benefits and taxes 
included) as well as the respective market goods’ prices (VAT included) and visibility 

limitations set consumption patterns. The government receives the VAT on every 

transaction performed in the market. The market closes when households have met their 

respective consumption needs, suppliers stock out their products or there is no more existing 

matches. Firms update their final inventory levels (Equations 63, 45, 46, 49, 56 and 64). 

 

9th. Households update their reservation wage according to their respective labour market 

experience or employment conditions. Respective unemployment times (𝝕 ) are also 

updated (Equation 65). 
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10th. Households update their productivity levels according to their respective employment 

conditions and education tier (Equations 59 and 65). 

 

11th. Consumer goods firms pay their corporate taxes according to their profit levels (this 

action takes place annually). 

 

12th. Macroeconomic aggregate indexes are calculated: unemployment rates, inflation, 

average prices, final liquidities (wealth) from agents and aggregate stocks, consumption, 

wealth, unfilled job vacancies. Government’s monthly tax revenue streams and expenditures 

are also registered in this step. 

 
13th. Economic inequalities are assessed: income, wealth, consumption and wage gini 

coefficients (Equation 3). 

 

 

The following figure presents the monetary flows and relationships and between each of the 

AMoSI agents, as well as their main decisions. 

 
Figure 31. Agent-to-agent interactions in the AMoSI model. 
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5.2. AMoSI Results and Analysis 

5.2.1. Scenarios, Initial Settings and Results 
This subsection is reserved to present the results and conduct the proper analysis in line with 

the main goals of this work. As mentioned in the previous section and in Chapter 2, the main 

objective of this ACE model is to understand the impact of welfare redistribution policy and 

the education level of a society on both economic performance and inequalities. In order to do 

so different scenarios arise from the different possible combinations among benefits, taxes 

and education tiers. This model gathers 3 different taxes, 3 different benefits to be distributed 

by the government and 3 tiers of education. All these variables will have their influence over 

the economy’s behaviour and their combinations are the following: 

 

Benefits 
The benefit structure may include the possible combination among the minimum benefit, 

unemployment benefit and the earned tax credit. Combining these provides three possible 

outcomes: redistributing one, two or three benefits at the same time. These combinations 

result in seven different possibilities of redistribution strategies, which will be analysed ahead. 

The following table presents the different benefit strategies chosen to run the simulation and 

their respective notation. 
 

B0 • No benefits 

B1 • Minimum benefit 

B2 • Unemployment benefit 

B3 • Earned tax benefit 

B4 • Minimum and unemployment benefits 

B5 • Minimum and earned tax benefits 

B6 • Unemployment and earned tax benefits 

B7 • Minimum, unemployment and earned tax benefits 

Table 4. Benefit Strategies 

 

 

Taxes 

The idea behind the tax structure is different. The goal is not to combine the three existing 

taxes but rather to combine them in a way to provide one with a higher proportion of the tax 

revenue for the government compared to the others. Therefore, four tax strategies arise: one 

with a balance proportion among the three different taxes and three where the one of the 

taxes takes a higher percentage and the remaining others decrease to comply with such 

increase. These are depicted in the following table. 
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T0 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥 = 0%
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥 = 0%
𝑉𝐴𝑇 = 0%

 

T1 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥 = 30%
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥 = 25%
𝑉𝐴𝑇 = 20%

 T3 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥 = 15%
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥 = 40%
𝑉𝐴𝑇 = 10%

 

T2 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥 = 40%
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥 = 15%
𝑉𝐴𝑇 = 10%

 T4 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥 = 15%
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥 = 15%
𝑉𝐴𝑇 = 40%

 

Table 5. Tax strategies 

 

 

Education 

The education structures of the household population differ on the proportion of education 

levels among them. There are only considered two different education structures by 

decreasing the proportion of households with a basic education of one relative to the other. 

Therefore the model will run with both a higher and a lower educated society. These 

structures are presented in the following table. 
 

E1 
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (1) – 𝑏𝑎𝑠𝑖𝑐 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 80%

𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (2) – 𝑡𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 15%
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (3) – ℎ𝑖𝑔ℎ𝑒𝑟 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 5%

 

E2 
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (1) – 𝑏𝑎𝑠𝑖𝑐 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 50%

𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (2) – 𝑡𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 35%
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟 (3) – ℎ𝑖𝑔ℎ𝑒𝑟 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∶ 15%

 

Table 6. Education structures 

 

Combining all these different strategies together provides 58 different meaningful17 scenarios 

that will for the basis for the subsequent analysis. From this point forward the notation given 

to each of the benefit, tax or education setting will be used to mention the scenarios, in the 

format of E#.T#.B#. 

 

 

Initial Parameter Settings 
Calibrating the initial settings of the AMoSI model and the validating process underlies the 

same principles as before while naturally including the new features available for its purpose. 

In the following table it is presented the initial configuration of the necessary key parameters 

upon which the simulations run. 

 

 

 

 

																																																								
17 Scenarios with taxes and no benefits, or with benefits but no taxes do not make sense in our analysis. 
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Notation Definition Value 
𝐻	 Number of Households. 500 
𝐹	 Number of Firms. 50 

𝑖𝑛𝑖𝑐𝑖𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!	 Initial households’ funds (at 𝑇 = 0). 0 
𝑖𝑛𝑖𝑐𝑖𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!	 Initial firms’ funds (at 𝑇 = 0). 250 
𝑖𝑛𝑖𝑐𝑖𝑎𝑙_𝑤𝑒𝑎𝑙𝑡ℎ!	 Initial funds from government (at 𝑇 = 0). 0 

𝑟! Utility reduction factor by household ℎ. 𝑟𝑎𝑛𝑑𝑜𝑚(0,4; 0,6) 
𝑟𝑒𝑠_𝑤𝑎𝑔𝑒! Reservation wage of household ℎ. 3 

𝜑 Reservation wage reduction factor. 𝑟𝑎𝑛𝑑𝑜𝑚(0,05; 0,2) 
𝑖𝑛𝑡𝑖𝑎𝑙_𝑡𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛! Initial target production by firm 𝑓. 10 

𝛾 Stock lower limit for production increases. 𝑟𝑎𝑛𝑑𝑜𝑚(0,85; 0,95) 
𝛿 Stock upper limit for production decreases. 𝑟𝑎𝑛𝑑𝑜𝑚(0,45; 0,55) 
𝛽	 Production increase/decrease factor. 0,05 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙_𝑝𝑟𝑖𝑐𝑒!,! Price of the initial batch of goods by firm 𝑓. 3 
𝜎 Stock lower limit for price increases. 0,9 
𝜇 Stock upper limit for price decreases. 0,8 
𝜃 Price increase/decrease factor. 𝑟𝑎𝑛𝑑𝑜𝑚(0,08; 1,2) 
𝜆 Households’ productivity. 2 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙_𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟! Initial proposed wage by firm 𝑓. 5 
𝜀 Wage offer increase/decrease factor. 𝑟𝑎𝑛𝑑𝑜𝑚(0,08; 0,15) 
𝜗	 Visibility constraint in the goods market. 0,7 
𝜂 Visibility constraint in the labour market. 1 

min _𝑤𝑎𝑔𝑒	 Minimum wage offer possible. 1 

𝜈	 Percentage of the last wage paid in 
unemployment benefits. 1 

𝜛	 Maximum unemployment time under 
unemployment benefits (months). 9 

𝑒𝑑𝑢_𝑡𝑖𝑒𝑟!	
Productivity associated with respective 

education level from household ℎ. 1,75; 1,45; 1,2  

prod_decrease Productivity decrease factor for 
unemployed households. 0,1 

Table 7. Initial parameter settings for the AMoSI model. 

 

 

Results 

As in the baseline model, each scenario ran 100 simulation runs in order to gather enough 

statistical data regarding the metrics’ deviations so that adequate comparisons may be drawn 

from their results. Also each run is subjected to a warm up time of 1200 ticks, which is the 

same among all scenarios. 

Every scenario under study is subjected to a sequence of analysis. Firstly these must comply 

with three main validation tools used in subsection 4.2., which consist on generating 

endogenous business cycles and respecting both the Phillips and Beveridge empirical rules. 

Having passed these obstacles there are two main focuses of analysis: economic 

performance and economic inequalities (both assessed upon macroeconomic metrics). 

Economic performance is based on the population’s average aggregate consumption while 

economic inequalities are measured with the respective income Gini coefficient. Aggregate 

consumption is chosen instead of GDP because the general welfare of the population is more 

adequately represented by the actual consumption while GDP is highly influenced by price 
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and wage volatility, which can be misleading. Whenever necessary extra macroeconomic 

metrics can be put together in order to clarify some of the obtained results in closer detail.  

The following table presents the validation results from all scenarios. Each entry of the table 

contains three signs in sequence, the first respects the business cycles, the second the 

Phillips curve and the last one the Beveridge curve. Market with a green check sign (√) 

means that the validation tool in question successfully validates the scenario while on the 

other hand a red capital “X” (𝑋) depicts the opposite. 
 

 E1 E2 

B0,T0 √ √ √ √ √ √ 

 T1 T2 T3 T4 T1 T2 T3 T4 

B1 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 

B2 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 

B3 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 𝑋 

B4 √  𝑋 √ √  𝑋 √ √  𝑋 √ √  𝑋 √ √  𝑋 √ √  𝑋 √ √  𝑋 √ √  𝑋 √ 

B5 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

B6 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

B7 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Table 8. Business cycles, Phillips and Beveridge curve validations. 

 

According to Table 8 the only scenarios that comply with the necessary validation tools are 

the ones where the welfare redistribution policy is not present (E1.T0.B0 and E2.T0.B0) and 

the all the scenarios form B5 till B7. Therefore the policy analysis to be conducted will only 

respect the scenarios that are successfully validated. Nevertheless, the remaining scenarios 

must be also analysed in order to assess the possible failures causing such phenomena and 

to raise new insights about the model’s functioning. Until then, all scenarios that fail to meet 

the required validation tools are erased from the analysis. 

The following table presents the results of the validated scenarios under the measurements 

considered to study both economic performance and inequality. In Appendix A.4 a more 

detailed table shows the standard deviations of the same metrics from all the simulations 

conducted. 
 

E1 

B0.T0. 1486  –  0,244 

 T1 T2 T3 T4 

B5 1146  –  0,241 1085  –  0,248 1329  –  0,226 1125  –  0,255 

B6 1523  –  0,083 1517  –  0,74 1499  –  0,114 1370  –  0,105 

B7 1547  –  0,071 1532  –  0,064 1508  –  0,106 1382  –  0,091 

Table 9. Aggregate consumption and income Gini coefficient for E1 scenarios. 
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E2 

B0.T0 1655  –  0,208 

 T1 T2 T3 T4 

B5 1240  –  0,23 1116  -– 0,253 1494  –  0,207 1220  –  0,241 

B6 1603  –  0,082 1586  –  0,075 1605  –  0,113 1543  -– 0,093 

B7 1622  –  0,072 1600  –  0,065 1606  –  0,105 1555  –  0,082 

Table 10. Aggregate consumption and income Gini coefficient for E2 scenarios. 
 

5.2.2. Analysis of the validated scenarios 
The ideal goal of this analysis is to find, if possible, the most suitable policy deal to ensure 

economic performance and decrease disparities among households. In order to do so, each 

of the policy parameters under study (taxes, economic benefits and education structures) has 

to be compared while the others remain constant; this is the only way possible for a 

successful analysis. Therefore when a policy parameter varies the others stay fixed 

throughout this exercise.  
 

5.2.2.1. Focus of whether to choose welfare redistribution policies 

Before assessing the impact and analysing the possible welfare policies to choose from, it is 

of crucial importance to understand whether or not it is beneficial for a society to opt for a 

redistribution policy. In other words, it is important to assess if having an active redistribution 

policy creates, in fact, a more equal and better off economy. In order to do so, comparisons 

must be drawn between the economy’s behaviour in scenarios where the policy is active or 

inactive (T0.B0). 

In the following two figures this assessment is taken under the closer attention. In Figure 32 

the income inequality of scenario E2.T2.B7 is compared to E2.T0.B0 and in the second figure 

the aggregate consumption is compared between scenario E1.T1.B6 and E1.T0.B0. 
 

 
Figure 32. Income inequality dynamics between E2.T0.B0 and E2.T2.B7. 
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Figure 33. Aggregate consumption dynamics between E1.T0.B0 and E1.T1.B6. 

 

The latter figures prove that, in fact and as expected, an active welfare redistribution policy 

generates higher levels of equality within a population. This is notoriously depicted in Figure 

32, where the income Gini coefficient reaches maximum levels of almost 0,5 in certain cycle 

peaks as opposed to 0,15 in the E2.T2.B7 scenario. The levels of aggregate consumption are 

in the same range of the scenarios under the active policy. Therefore, it is possible to 

conclude that having an active welfare redistribution policy upon the economy builds a fairer 

society. 
 

5.2.2.2. Focus on the benefit strategy 

Starting from focusing on the benefit redistribution package there are three strategies under 

consideration (B5, B6 and B7). The next graphs present the income inequality and aggregate 

consumption behaviour among different benefit settings. Figure 34 depicts the three different 

benefit combinations under the first education structure (E1) and the fourth tax package (T4) 

under the income inequality viewpoint. The second figure respects to the second education 

structure (E2) and first tax package (T1) under the aggregate consumption viewpoint. Each of 

the graphs is a sample of the whole simulation for illustrative purposes and the simulation run 

is randomly chosen among the 100. The examples provided in the following analysis are 

analogous for the other scenario combinations. 
 

 
Figure 34. Income inequality for the first education structure (E1) and fourth tax combination (T4) 

with scenarios B5,B6 and B7. 
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Figure 35. Aggregate consumption for the second education structure (E2) and first tax combination (T1) 

with scenarios B6,B5 and B6. 
 

Aligning the results from Tables 9 and 10 with the prior two figures allows a few conclusions 

regarding the correlation between how many benefits to redistribute and both economic 

inequalities and aggregate consumption.  

From a direct observation of Tables 9 and 10 as well as the latter two figures that there is an 

apparent positive correlation between the number of benefits to redistribute and both 

aggregate consumption and income equality. It becomes clear that when the government 

chooses to distribute more benefits, therefore increasing its expenditures, the overall state of 

the economy improves by having lower levels of income inequality and higher levels of 

aggregate consumption. Therefore, paying the minimum, the unemployment and the earned 

tax credit benefits (B7) create conditions to build a more even and better off society 

regardless of the tax structure chosen to raise revenues to redistribute. The present analysis 

also shows that it is possible to be pro-economic performance and pro-equality at the same 

time, as discussed previously in Chapter 1.  

 

 

5.2.2.3. Focus on the tax strategy 
After assessing the B7 scenarios as the most beneficial benefit strategy to reach a healthier 

economy, it is time to focus on the different tax strategies in order to get insights on which 

might be the best one to choose from. 

The next graphs present again both the income inequality behaviour and the aggregate 

consumption with the different existing tax settings. This analysis is conducted solely for the 

B7 scenarios because these are the already established best ones and bring this exercise 

closer to its original goal. Figure 36 depicts the income inequality of the four different tax 

strategies under the first education structure (E1), while the second graph presents the 

aggregate consumption viewpoint regarding the second education structure (E2). 
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Figure 36. Income inequality for the first education structure (E1) and seventh benefit combination (B7) 

with scenarios T1,T2, T3 and T4. 
 

 
Figure 37. Aggregate consumption for the second education structure (E2) and seventh benefit combination 

(B7) with scenarios T1,T2, T3 and T4. 

 

Analyzing the results from Tables 9 and 10 in parallel with the latter two figures provide few 

insights on the welfare of the population when facing different tax structures. Firstly it is clear 

that both T3 and T4 scenarios raise both a more unequal and worse off society due to the fact 

that these consistently score lower levels of both aggregate consumption and income 

inequality when compared to the T1 and T2 scenarios. This conclusion is important to assess 

that if one of the taxes should be emphasized with a higher values, then it should be the 

income tax. Nevertheless, the comparison between T1 and T2 seams to leave a trade-off 

between choosing from higher aggregate consumption levels or lower income inequality. The 

goal is to have the higher ratio of aggregate consumption over income inequality. The next 

table provides this solution as a tool to finally the most suitable scenario for this assessment. 
 

 T1 T2 

𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 1547 1532 

𝐼𝑛𝑐𝑜𝑚𝑒 𝐺𝑖𝑛𝑖 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 0,071 0,064 

𝑅𝑎𝑡𝑖𝑜 (𝐶𝑜𝑛𝑠𝑢𝑚𝑝/𝐺𝑖𝑛𝑖) 21789 23938 

Table 11. Ratio of aggregate consumption over income Gini for E1.T1.B7 and E1.T2.B7. 
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 T1 T2 

𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 1622 1600 

𝐼𝑛𝑐𝑜𝑚𝑒 𝐺𝑖𝑛𝑖 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 0,072 0,065 

𝑅𝑎𝑡𝑖𝑜 (𝐶𝑜𝑛𝑠𝑢𝑚𝑝/𝐺𝑖𝑛𝑖) 22528 24615 

Table 12. Ratio of aggregate consumption over income Gini for E2.T1.B7 and E2.T2.B7. 

 

Even though both T1 and T2 scenarios score favorable macroeconomic results, the best tax 

strategy ultimately is the T2 due to higher values in the consumption/gini ratio.  

Aligning the latter three subsubsections, it is possible to conclude that the best choice 

regarding the welfare policy to apply upon a simple economy as describes in our model is the 

one where the 3 benefits are included and the icome tax is preferred compared to the 

corporate and VAT taxes. 

 

 

5.2.2.4. The E1.T2.B7 and the E1.T0.B0 

The following paragraphs are reserved to take a closer look into the best resulting scenario 

from the policy analysis conducted and its comparison to the baseline model. It is important to 

assess the impact of such tax-benefit strategies in order to understand the main 

macroeconomic consequences of such implementation. In the following figures important 

macroeconomic behaviors are compared by between E1.T2.B7 and the E1.T0.B0 settings. 

 

 
Figure 38. Economy’s Wealth in the E1.T2.B7 and the E1.T0.B0 scenarios. 
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Figure 39. Consumption and Employment in the E1.T2.B7 and the E1.T0.B0 scenarios. 

 

 
Figure 40. Average Wage and Households’ Wealth in the E1.T2.B7 and the E1.T0.B0 scenarios. 

 

 
Figure 41. Production and Total Stock in the E1.T2.B7 and the E1.T0.B0 scenarios. 

0	

20	

40	

60	

80	

100	

120	

0	

500	

1000	

1500	

2000	

2500	

14	 15	 16	 17	 18	 19	 20	 21	 22	 23	 24	 25	

Pe
rc
en

ta
ge
	(%

)	

U
ni
ts
	o
f	G

oo
ds
	

Years	
Aggregate	Consump9on	(T0.B0)	 Aggregate	Consump9on	(T2.B7)	

Employment	Rate	(T0.B0)	 Employment	Rate	(T2.B7)	

0	

500	

1000	

1500	

2000	

2500	

3000	

3500	

4000	

0	

1	

2	

3	

4	

5	

6	

7	

8	

9	

1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17	 18	 19	 20	 21	 22	 23	 24	 25	

M
on

et
ar
y	
U
ni
ts
	

M
on

et
ar
y	
U
ni
ts
	

Years	

Wages	(T0.B0)	 Wages	(T2.B7)	 Households'	Wealth	(T0.B0)	 Households'	Wealth	(T2.B7)	

0	

500	

1000	

1500	

2000	

2500	

3000	

3500	

4000	

1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17	 18	 19	 20	 21	 22	 23	 24	 25	

U
ni
ts
	o
f	G

oo
ds
	

Years	
Produc2on	Output	(T0.B0)	 Total	Stock	(T0.B0)	

Produc2on	Output	(T2.B7)	 Total	Stock	(T2.B7)	



	 81	

 
Figure 42. Prices in the E1.T2.B7 and the E1.T0.Bo scenarios. 

 
Figure 43. Income and Wage inequality in the E1.T2.B7 and the E1.T0.B0 scenarios. 
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Figure 38 shows a clear decrease in firms’ wealth form the baseline to the E1.T2.B7 because 

the liquidity previously held by the firms is now channelled to the government and to the 

household sector. Households’ wealth decreases from E1.T2.B7 to E1.T0.B0 (better depicted 

in Figure 40), this phenomena is not worth exploring because no major restriction were made 

towards the savings behaviour of households, whose consumption patterns is only a 

consequence of maximizing their purchasing utility. On the same hand, Figure 40 depicts 

lower wages being paid in E1.T2.B7 averaging 1,7 compared to 3,7 in the E1.T0.B0. Lower 

wages are not that influential because prices are consistently lower in this scenario (Figure 

42), ensuring households their higher consumption levels. Therefore it is possible to have a 

better off society even when households are not paid as much. 

Finally, the last figure shows the gap between wage and income inequality when the welfare 

redistribution policy is active. It the E1.T0.B0 scenario, income and wage inequality were 

equal because the wages are the only income source of households, while in the AMoSI the 

benefits play a major role in both diminishing income inequality while increasing income at the 

same time. 

 

 

5.2.3. The Government’s influence over the economy 
Taking a step backwards, it is clear that this economy runs on a closed monetary circuit with 

no sources from where liquidity can escape. In fact consumer goods firms, households and 

the government hold the overall liquidity of the model settled by the initial settings upon which 

the simulation runs on. Therefore every simulation has the same fixed money supply that 

circulates among these three agent types accumulating in either one of them according to the 

business cycle’ stage. This fact is of crucial importance to understand the role of the 

government in accumulating a fair amount of the economy’s wealth in order to save it for 

recession periods (negative slope of the business cycles) and then redistribute them if 

necessary. It will also provide insights regarding the behaviour of the scenarios that failed to 

properly validate. 

Different tax structures impact the economic activity of the model in their own way but also 

have an important impact on the amount of wealth that the government accumulates: 

consistently higher tax revenues can lead to higher accumulation of wealth and vice versa. It 

is a fair assessment to state that the higher the government’s accumulated wealth (after 

redistribution), due to higher tax revenues, results on lower liquidity at the firms’ and 

households’ side. As a definite consequence of this, there is a lower economic performance 

from the model because the government holds a significant amount of the funds instead of 

these being deployed for direct economic activities (consumption, wages or production). This 

is an argument worth of exploring for this particular example. The following charts present the 

correlations between both aggregate consumption and income inequality with the percentage 

of the entire monetary supply that the government holds, on average, for every E1 scenario. 
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Figure 44. Aggregate Consumption and Percentage of Government’s overall Monetary Supply for E1. 

 

 
Figure 45. Income inequality and Percentage of Government’s overall Monetary Supply for E1. 
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as a result. 
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5.2.4. The invalid scenarios: from B1 to B4 
Until this point B1, B2, B3 and B4 scenarios were left behind because they consistently failed 

to pass the required validation tools to be considered as valid results and healthy economies. 

Nevertheless these remaining scenarios can provide a few insights regarding the model’s 

design and outcomes. The following paragraphs are reserved to mention their results. 

It seams unreasonable that an economy with both the minimum and the employment benefits 

included in its benefit strategy (for example) fails to deliver a well functioning economy 

because this welfare policy is widely used in modern economies. The AMoSI model and the 

policy study approach to this problem must be accountable for the poor results in such 

scenarios. In fact, scenarios with benefit strategies from B1 to B4 show consistently equal 

results in their macroeconomic behaviour, which will be presented in the following figures. 

The particular example of E1.T2.B4 is chosen to conduct this analysis but the results remain 

analogous among the other invalid scenarios. 

 

 
Figure 46. Economy’s Wealth distribution. 

 
Figure 47. Employment and Aggregate 

Consumption. 

 
Figure 48. Unemployment and Unfilled Job 

Vacancies. 

 
Figure 49. Average Wages and Unfilled Job 

Vacancies. 

 
Figure 50. Prices, Aggregate Consumption and Total 

Stock. 

 
Figure 51. Income Inequality and Aggregate 

Consumption. 
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such high levels of accumulated wealth on the government’s side, unemployment is 

“constant” ranging between 25% and 55%, which leaves firms with no incentives to increase 

wages because labour is always at their disposal when necessary. This phenomenon is 

depicted in both Figures 48 and 49 where the job vacancies left unfilled are constantly zero 

and wages stagnates at 1 (minimum wage). Therefore, with lower liquidity levels at both the 

firms and households’ side, consumption shrinks when compared to the healthier scenarios. 

Even though prices register the lowest values compared to the healthier economies (Figure 

49), these are not enough to ensure consumption levels because they are always restricted 

by the labour costs of production (constrained by the minimum wage). In the last figure, it is 

presented the income inequality and aggregate behaviour within this simulation, and as 

opposed to what was conjectured in previous analysis, there is no visible correlation between 

consumption and income inequality cycles. 

These phenomena raise significant questions about the policy design approach conducted 

before its implementation. First, it is evident that with less benefits to distribute among the 

household population, the respective taxes to be charged must be adjusted in order to 

balance the revenues and expenditures form the government. In order to solve the issue of 

the government’s accumulated wealth there are different solution to be chosen from. The 

scenarios (tax-benefit combinations) could, for example, be designed to constrain the 

government’s wealth to a certain percentage of the monetary supply; or the government could 

just redistribute all (or proportionate to a certain macroeconomic metric) its total tax revenue 

among the population and therefore minimizing its funds. Nevertheless, there is no doubt that 

this factor constrained the analysis outcome and sub-optimized the baseline model 

capabilities. 

	
	
	

5.3. Final Remarks 
This chapter presents the culminating results of the present thesis work. The first subsection 

designs the last details upon the baseline model focusing on the objectives under study: the 

importance of educational structures (exogenously imposed) and an active wealth 

redistribution policy. To this purpose an extra agent is introduced to apply the mentioned 

redistribution policies: the government. The intra-iteration timeline of the baseline model is 

also modified to comply with the occurred changes. 

Subsection 5.2. draws important conclusions about the model’s design, results and approach 

to the policy choices undertaken prior to the simulations. The first main finding about the 

results obtained is the key role of the government’s influence in accumulating wealth, and its 

consequence on the economy’s outlook. By raising tax revenues the government attracts 

generous amounts of liquidity to later redistribute among the household population in order to 

decrease economic inequalities and boost aggregate consumption. Only there is a significant 

drawback when the government accumulates a fair portion of the economy’s funds (after 
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redistribution) because this liquidity is not fuelled back to the economy and therefore impacts 

consumption and production activities. Limiting these activities have a crucial impact on 

economic performance as expected. This phenomenon is clearly assessed especially when in 

the presence of a closed monetary circuit, and correlations are easily drawn between 

consumption levels and the average amount of government’s wealth.  

Another key finding is the model’s inadequacy to deal with benefit packages that only include 

the minimum benefit, the unemployment benefit, the earned tax income benefit and or both 

the first and second at once. Validating these scenarios according to the required validation 

tools constituted an impossible exercise due to the poor model’s performance when dealing 

with such scenarios. Here, the aligned roles of the labour market limitations and the 

government’s accumulated funds are key influencers. Constant unemployment rates due to 

poor economic performance (because of governmental influence) drive wages to their 

minimum and both consumption and production shrink. This is, naturally, a call for design 

improvements in both the labour market’s version of Lengnick (2013) and the tax expenditure 

framework because it is evidently possible for a healthy economy to function under these 

policy scenarios. 

Luckily the previous two paragraphs’ findings do not have such great impact on the properly 

validated scenarios and therefore conclusions can be drawn upon these results. Comparing 

the different scenarios under study with regard to the different possible viewpoints, the model 

concludes that higher education levels aligned with tax emphasis on income taxes and 

redistributing the three benefit options available drive economic performance and decrease 

income and wealth inequalities. The model shows consistent indicators of unemployment 

improvements when more benefits are distributed among the population, fuelling economic 

equality. The income tax impacts consumption, and both firms and households are directly 

and indirectly influenced but the results show a higher average aggregate consumption along 

with lower levels of income and consumption inequalities. Finally higher education levels tend 

to increase economic performance while also diminishing income and consumption 

disparities. Decreasing production costs (due to higher marginal productivities in better 

educated societies) results in lower overall costs, which can boost production and 

employment as consequence. 
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Chapter 6. Conclusions 

This thesis presented a different approach on economic policy study with special regard for 

income and wealth inequalities. These disparities have for long been under extensive 

discussion and are on the current state of political and economic affairs.  

The main goal of the present work was to build an adequate multi-agent model of a simple 

working economy in order to study the impact of a selected economic policy on the economic 

disparities among its population. To reach this objective, a gradual sequence of steps were 

taken along the way and which both lead to gathering more insights about the subjects while 

also allowing inevitable mistakes to occur on a few levels. This final Chapter reflects on some 

of these mistakes, on the general work conducted throughout the thesis and on future 

possible improvements that can contribute to this project. 

Based on the state of the art of ACE research (Chapter 3) and an economic inequality 

overview (Chapter 2), it was possible to combine them into building an agent-base platform 

that served and complied with the required tools to study the economic policy under focus. 

The initial Baseline model was build as the first adequate platform to run an ACE model and 

validated according to prior work conducted by Lengnick (2013). This model ensured the 

necessary micro and macroeconomic dynamics that paved the way to the first draft of the 

AMoSI model. Its adequate validation served as the starting point to build a more realistic 

platform that targeted the welfare redistribution policy as a means to combat economic 

inequalities. 

The education levels of a population were introduced, in Chapter 1, as a solution to mitigate 

the risks behind technological improvements in the economy’s operations, by raising the 

know-how of the labour force it would be easier to comply with such tech changes. In fact, 

this viewpoint is properly assessed as such by Dawid et al. (2013). In our baseline (and 

AMOSI) model, there were no technological changes and inequalities arose solely form the 

labour market outputs. In fact, the education levels in the model were introduced to provide a 

more realistic framework and not as an active policy to study. This is because the government 

do not have a direct impact on choosing the education levels of its household population. 

The labour market could have been a better policy target exactly because of its role as the 

inequality source of the model. In order to do so, a few details would have to be introduced in 

the model’s design, which were also available in the selected literature from Chapter 3, like 

better hiring and firing decision sets for the firms. In this line, policies such as labour 

protection or governmental subsidies for hiring firms could be introduced and studied. 

One of the biggest challenges on building this model was to adequately calibrate its 

microeconomics with the best parameterization possible. The model is entitled with a great 

amount of different parameters, which makes it overwhelming to set its initial position. This 

fact contributed with a higher degree of complexity, which can be improved with future work 

on simplifying the parameter decision set or research about the optimal set of parameters to 

run the model on. 
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Furthermore, in the policy analysis sections, significant challenges arose in the welfare 

redistribution policy regarding its own design, which lead to the failure of many scenario 

assessments. This fact diminished the results from the analysis and failed to put the baseline 

model to its best use. The redistribution policy must properly balance the government’s 

revenues and expenditures in order not to accumulated most of the wealth of the economy, 

which can impact the overall functioning of the economy in unwanted phenomena. This can 

be achieved by both leveling the taxes imposed on households and firms, or also by 

redesigning the expenditures side. Different income tax levels (progressive or regressive) can 

also be an interesting policy study with the help of AMoSI. 

Moreover, the AMoSI model can be complemented by introducing new products such as 

luxury products, new economic sectors such as a capital sector, an adequate financial system 

that allows debt to stimulate the economy and also constraining the government’s budget 

according to deficit and debt limits. All these improvements will generate new layers of 

complexity but will converge the AMoSI into a more realistic and adequate example of a 

modern society. 

Nevertheless, the analysis for the validated scenarios were close to being ideal in execution 

and presented all the culminating endeavors put in this project. The goal was reached and an 

ACE model was successfully built to study the impact of economic policy upon inequalities. In 

fact, it is important to state that the biggest contribution of this thesis is indeed the AMOSI 

model itself, which serves as a platform for many other analyses to be conducted. 
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Appendix A.1. 

Table 13. Formula Parameters Definitions (Chapter 3) 
 

Notation Definition 
T Period T from the simulation round. 
k Household k. 
f Firm f. 
b Bank b. 
K Total number of households. 

H, B Total number of households employed at hash and 
beans firms respectively. 

𝜐 Technology vintage 𝜐. 
Inc! Income from household k. 

𝑊𝑒𝑎𝑙𝑡ℎ! Wealth from household k. 
Inc!! Income from labour activities from household k. 
Inc!! Income from dividends from household k. 
Inc!!  Income from interest rates from household k. 
𝐶! Consumption budget from household k. 
𝑠!! Savings rate from labour activities from household k. 
𝑠!! Savings rate from dividends from household k. 
𝑠!!  Savings rate form interest rates from household k. 

Inc!∗  
Residual income available to consume from 
household k. 

ℎ!∗ , 𝑏!∗  Net subsistence needs from household k. 
ℎ!!, 𝑏!! Demanded hash and beans from household k. 

ℎ!!, 𝑏!! Hash and beans under rationing conditions from 
household k. 

𝛼! Consumption preference from household k. 
𝑤𝑎𝑔𝑒!!"# Reservation wage from household k. 

𝜙 Wage reservation behavioural parameter. 
Sav! Savings from household k. 

Endow! Endogenously money endowment from household k. 
Exp! Expenses from household k. 
𝑤𝑎𝑔𝑒! Wage paid to household k. 

𝑐!, 𝑐! 
Propensities to consume from difference income 
sources. 

𝑠𝑠𝑘! Specific skills form household k. 
𝑔𝑠𝑘! General skills from household k. 
𝛿 Regional switching costs from household k. 
𝑦!! Output supplied from firm f. 
𝑦! Output sold form firm f. 
𝑝! Goods price from firm f. 

𝑁𝑒𝑡𝑊𝑜𝑟𝑡ℎ! Net worth from firm f. 
𝐾!! Capital stock of vintage 𝜐 from firm f. 
Cap! Capital deployed for deployed production from firm f. 
𝐶𝑎𝑝!! Capital from vintage 𝑣 for production from firm f. 
L! Labour deployed for production from firm f. 
𝐿!! Labour deployed to work at vintage 𝑣 from firm f. 
𝐵!! Capital productivity from vintage 𝑣 from firm f. 
A! Productivity from firm f. 
Div! Dividend paid from firm f. 

TCosts! Total costs from firm f. 



	 98	

𝑀𝐶! Marginal cost of production from firm f. 
Profit! Profits from firm f. 
𝑤𝑎𝑔𝑒! Wage paid from firm f. 
wage!!"#$ Wage base offer from firm f. 
wage!

!""#$ Wage offer from firm f. 
S!, R!, F!, 

𝑓! Given constants for production purposes from firm f. 

𝜌! Cost of capital deployed for production from firm f. 
𝑑! Share of profits paid in dividends from firm f. 
𝑚! Share of profits kept for saving from firm f. 
𝜂! Price mark-up behavioural parameter from firm f. 

𝜃! Production mark-up behavioural parameter from firm 
f. 

𝛽! Output elasticity towards labour from firm f. 
𝜇 Price mark-up behavioural parameter from firm f  
𝜗 Labour productivity as the only production input. 
𝛾 Price stickiness behavioural parameter. 

𝐶𝑟𝑒𝑑𝑖𝑡!! Demanded credit form firm f. 
𝑙! Financial leverage target from firm f. 

𝑅𝑒𝑣!
!"# Expected revenues (sales) from firm f. 

𝑅𝑒𝑣! Revenues (sales) from sales from firm f. 

𝑎! Adaptation parameter towards sales forecast from 
firm f. 

𝑆𝑆! Safety stock from firm f. 
𝑆! Stock from firm f. 
𝛿 Capital stock depreciation rate. 
𝐼!! Capital investment in vintage 𝑣 at firm f. 
𝑖!
!"# Interest rates paid on deposits from bank b. 
𝑖!,! Interest rate from bank b to firm f. 
𝑖!" Interest rate set from the central bank. 
𝑖! Interest rate set by bank b. 
𝑖! Risk premium interest rate towards firm f. 
𝐶!! Credit supply by bank b. 

𝑃𝑟𝑖𝑣𝐷𝑒𝑏𝑡! Private sector (firms) debt. 
𝑃𝑢𝑏𝐷𝑒𝑏𝑡!"# Public sector (government) debt. 

𝜆 Labour union influence 
𝐸𝑥𝑝𝑖 Expected inflation. 
𝐸𝑥𝑝𝑌 Expected macro overall output. 
𝑖 Inflation. 
𝑌 Overall output. 

𝑤𝑎𝑔𝑒!"# Minimum wage. 
𝜛 Multiplier attached to minimum wage. 
𝜑 Firm’s wage structure tier multiplier. 

𝑝!!"#$%&'	 Average price of the household visible firms. 
𝑢𝑝_𝑆!	 Lower stock limit for production increases. 
𝑙𝑜𝑤_𝑆!	 Upper stock limit for production decreases. 

𝑢𝑝_𝜙	 Lower stock percentage factor for production 
increases. 

𝑙𝑜𝑤_𝜙	 Upper stock percentage factor for production 
decreases. 

𝑢𝑝_𝑝!	 Upper price limit. 
𝑙𝑜𝑤_𝑝!	 Lower price limit. 
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𝑢𝑝_𝜎	 Upper factor limit towards marginal costs pricing 
constraints. 

𝑙𝑜𝑤_𝜎	 Lower factor limit towards marginal costs pricing 
constraints. 

𝜍	
Percentage of the overall number of firms searched 
by an employed household whose reservation wage 
is lower than its current wage. 

𝜚	 Percentage of the overall number of firms searched 
by an unemployed household. 
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Appendix A.2. 

 
Table 14. Notations from the Baseline model to the AMoSI model 

 
Notation Definition 

𝑇 Period (month) T. 
ℎ	 Household ℎ. 
𝑓	 Firm 𝑓. 

𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑏𝑙𝑒_𝑖𝑛𝑐𝑜𝑚𝑒! Disposable income of household ℎ. 
𝑤𝑎𝑔𝑒!,! Wage paid by firm 𝑓 to household ℎ. 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙_𝑓𝑢𝑛𝑑𝑠! Wealth at the end of each month from household ℎ. 
𝑢𝑡𝑖𝑙𝑖𝑡𝑦! 𝑗  Utility of the 𝑗!!good by household ℎ. 

𝑟! Utility reduction factor by household ℎ. 
𝑟𝑒𝑠_𝑤𝑎𝑔𝑒! Reservation wage of household ℎ. 

𝜑! Reservation wage reduction factor. 
𝑆𝑡𝑜𝑐𝑘_𝑏𝑒𝑓𝑜𝑟𝑒_𝑚𝑎𝑟𝑘𝑒𝑡! Stock before goods market from firm 𝑓. 
𝑆𝑡𝑜𝑐𝑘_𝑎𝑓𝑡𝑒𝑟_𝑚𝑎𝑟𝑘𝑒𝑡! Stock after goods market from firm 𝑓. 

𝐹𝑖𝑛𝑎𝑙_𝑠𝑡𝑜𝑐𝑘! Stock after goods market form firm 𝑓. 
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛! Units of goods produced by firm 𝑓. 
𝑠𝑜𝑙𝑑_𝑔𝑜𝑜𝑑𝑠! Units of goods sold by firm 𝑓. 

𝑇𝑎𝑟𝑔𝑒𝑡_𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛! Target production by firm 𝑓. 
𝛾! Stock lower limit for production increases. 
𝛿! Stock upper limit for production decreases. 
𝛽	 Production increase/decrease factor. 

𝑝𝑟𝑖𝑐𝑒! Price of goods by firm 𝑓. 
𝜎 Stock lower limit for price increases. 
𝜇 Stock upper limit for price decreases. 
𝜃! Price increase factor. 
𝜔!	 Price decrease factor. 
𝜏	 Sale price decreasing factor. 
𝜋	 Employment rate for ware increases. 

𝑢𝑛𝑖𝑡_𝑐𝑜𝑠𝑡𝑠! Unitary cost of production by firm 𝑓. 
𝑤𝑜𝑟𝑘𝑓𝑜𝑟𝑐𝑒! Number of employees deployed at firm 𝑓. 
𝑝𝑟𝑖𝑐𝑒!,! Price of production batch 𝑏 by firm 𝑓. 

𝑗𝑜𝑏_𝑣𝑎𝑐𝑎𝑛𝑐𝑖𝑒𝑠! Number of open vacancies by firm 𝑓. 
𝜆 Households’ productivity. 

𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟! Proposed wage by firm 𝑓. 
𝜀! Wage offer increase/decrease factor. 
𝜗 Visibility constraint in the goods market. 
𝜂	 Visibility constraint in the labour market. 

AMoSI 
	  

𝜆!	 Individual productivity of household ℎ. 
𝑒𝑑𝑢_𝑡𝑖𝑒𝑟!	 Education level of household ℎ. 

𝑝𝑟𝑜𝑑_𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒	 Increasing productivity factor. 
𝑝𝑟𝑜𝑑_𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒	 Decreasing productivity factor. 

𝑝𝑟𝑜𝑑/𝑤𝑎𝑔𝑒_𝑟𝑎𝑡𝑖𝑜!	 Ratio of productivity over wage of household ℎ. 
𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑡𝑖𝑚𝑒!	 Number of months household ℎ have been unemployed. 

𝜛	 Maximum unemployment time under unemployment benefits. 
𝑚𝑖𝑛 _𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!	 Minimum benefit paid by the government to unemployed 

households. 
𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!	 Unemployment benefit paid by the government to unemployed 

households. 



	 101	

𝑙𝑎𝑠𝑡_𝑤𝑎𝑔𝑒!	 Last wage an unemployed household received at its last job. 
𝜈	 Percentage of the last wage paid in unemployment benefits. 

𝑒𝑎𝑟𝑛_tax_𝑏𝑒𝑛𝑒𝑓𝑖𝑡!,!(𝑇)	 Earned tax benefit paid by the government to employed 
households. 

𝑓𝑖𝑛𝑎𝑙_𝑤𝑎𝑔𝑒_𝑜𝑓𝑓𝑒𝑟!,!,!	 Final wage offer from firm including the earned tax benefit form 
the government. 

𝑛𝑒𝑡_𝑤𝑎𝑔𝑒!,!	 Wage net of income taxes. 
𝑖𝑛𝑐𝑜𝑚𝑒_𝑡𝑎𝑥	 Taxes that households must pay upon their wage. 

𝑉𝐴𝑇	 Value added tax paid by households upon consumption. 
𝑚𝑎𝑟𝑘𝑒𝑡_𝑝𝑟𝑖𝑐𝑒!	 Price of a good with VAT included. 
𝑐𝑜𝑟𝑝_𝑡𝑎𝑥	 Taxes firms pay upon their annual profits. 
𝑝𝑟𝑜𝑓𝑖𝑡𝑠!	 Profits from firms (monthly). 

𝑛𝑒𝑡__𝑝𝑟𝑜𝑓𝑖𝑡!	 Annual net profits form firms. 
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Appendix A.3. 

Sensitivity Analysis Graphics Results 
 
- Parameter under study: F. Variance from 50 to 25 (-50%).  

  

 
Figure 52. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: F. Variance from 50 to 75 (+50%). 

  

 
Figure 53. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: H. Variance from 500 to 750 (+50%).  

  

 
Figure 54. Phillips Curve, Beveridge Curve and Unemployment Rate 
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- Parameter under study: H. Variance from 500 to 250 (-50%). 

  

 
Figure 55. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝑟! . Variance from 0,5 to 0,4 (-20%).  

  

 
Figure 56. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝑟! . Variance from 0,50 to 𝑟𝑎𝑛𝑑𝑜𝑚(0,1; 1). 

  

 
Figure 57. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

 

 

0	

10	

20	

30	

40	

50	

60	

70	

80	

90	

100	

-50	 -40	 -30	 -20	 -10	 0	 10	 20	 30	 40	

U
ne

m
pl
oy
m
en

t	R
at
e	
(%

)	

Infla2on	(%)	
-40	

-20	

0	

20	

40	

60	

80	

100	

0	 10	 20	 30	 40	 50	 60	

U
ne

m
pl
oy
m
en

t	R
at
e	
(%

)	

Unfilled	Job	Vacancies	

0	

10	

20	

30	

40	

50	

60	

70	

80	

90	

100	

Un
em

pl
oy
m
en

t		
Ra

te
	(%

)	

Years	

y	=	-0.4178x	+	20.269	
R²	=	0.06954	

0	

10	

20	

30	

40	

50	

60	

70	

-50	 -40	 -30	 -20	 -10	 0	 10	 20	 30	 40	

Un
em

pl
oy
m
en

t	R
at
e	
(%

)	

Infla2on	(%)	 y	=	-0.6185x	+	25.36	
R²	=	0.18035	

-10	

0	

10	

20	

30	

40	

50	

60	

70	

0	 10	 20	 30	 40	 50	 60	

Un
em

pl
oy
m
en

t	R
at
e	
(%

)	

Unfilled	Job	Vacancies	

0	

10	

20	

30	

40	

50	

60	

70	

Un
em

pl
oy
m
en

t	R
at
e	
(%

)	

Year	

y	=	-0.589x	+	22.541	
R²	=	0.09534	

00	

10	

20	

30	

40	

50	

60	

70	

80	

90	

-50	 -40	 -30	 -20	 -10	 0	 10	 20	 30	 40	

Un
em

pl
oy
m
en

t	(
%
)	

Infla1on	(%)	 y	=	-0.6825x	+	29.015	
R²	=	0.22619	

-10	

00	

10	

20	

30	

40	

50	

60	

70	

80	

90	

0	 10	 20	 30	 40	 50	 60	

Un
em

plo
ym

en
t	R

at
e	(

%)
	

Unfilled	Job	Vancancies	

00	

10	

20	

30	

40	

50	

60	

70	

80	

90	

U
ne

m
pl
oy
m
en

t	R
at
e	
(%

)	

Years	



	 104	

 

- Parameter under study: 𝜑. Variance from 0,1 to 0,2 (+100%).  

  

 
Figure 58. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝛾. Variance from 0,9 to 0,7 (-22%). 

  

 
Figure 59. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝛿. Variance from 0,50 to 0,2 (-60%).  

  

 
Figure 60. Phillips Curve, Beveridge Curve and Unemployment Rate 
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- Parameter under study: 𝛽. Variance from 0,05 to 0,06 (+20%). 

  

 
Figure 61. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝛽. Variance from 0,05 to 0,07 (+40%).  

  

 
Figure 62. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝛽. Variance from 0,05 to 0,08 (+60%). 

  

 
Figure 63. Phillips Curve, Beveridge Curve and Unemployment Rate 
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- Parameter under study: 𝛽. Variance from 0,05 to 0,09 (+80%).  

  

 
Figure 64. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

- Parameter under study: 𝜎. Variance from 0,9 to 0,95 (+5,5%). 

  

 
Figure 65. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

 

- Parameter under study: 𝜇. Variance from 0,8 to 0,5 (-44%).  

  

 
Figure 66. Phillips Curve, Beveridge Curve and Unemployment Rate 
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- Parameter under study: 𝜃. Variance from 0,1 to 0,2 (+100%). 

  

 
Figure 67. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

 

- Parameter under study: 𝜀. Variance from 0,1 to 0,2 (+100%). 

  

 
Figure 68. Phillips Curve, Beveridge Curve and Unemployment Rate 

 

 

- Parameter under study: 𝜗. Variance from 0,7 to 0,5 (-28,5%). 

  

 
Figure 69. Phillips Curve, Beveridge Curve and Unemployment Rate 
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Appendix A.4. 

 

E1 

B0.T0. 1486  –  0,244 
    87  –  0,024 

 T1 T2 T3 T4 

B1 892  –  0,169 
165  –  0,005 

848  –  0,166 
145  –  0,005 

1106  –  0,238 
      1  –  0,002 

992  –  0,164 
233  –  0,004 

B2 307  –  0,645 
 43  –  0,022 

332  –  0,636 
  34  –  0,024 

1159  –  0,061 
      2  –  0,001 

267  –  0,627 
  24  –  0,035 

B3 383  –  0,627 
  16  –  0,008 

362  –  0,634 
  15  –  0,008 

600  –  0,504 
  29  –  0,013 

408  –  0,623 
20  –  0,009 

B4 955  –  0,057 
115  –  0,001 

908  –  0,087 
  64  –  0,002 

1166  –  0,048 
      3  –  0,001 

943  –  0,024 
134  –  0,000 

B5 1146  –  0,241 
    66  –  0,017 

1085  –  0,248 
    40  –  0,012 

1329  –  0,226 
    62  –  0,012 

1125  –  0,255 
    17  –  0,021 

B6 1523  –  0,083 
    38  –  0,004 

1517  –  0,74 
      27  –  0,003 

1499  –  0,114 
    62  –  0,006 

1370  –  0,105 
  123  –  0,014 

B7 1547  –  0,071 
    36  –  0,002 

1532  –  0,064 
    31  –  0,002 

1508  –  0,106 
    57  –  0,004 

1382  –  0,091 
  125  –  0,010 

Table 15. Aggregate Average Consumption – Income Gini Coefficient on the top of the cell and both the 
respective standard deviations on the bottom, from the 100 simulation runs per E1 scenario. 

 

 

E2 

B0.T0 1655  –  0,208 
    60  –  0,015 

 T1 T2 T3 T4 

B1 901  –  0,173 
157  –  0,005 

841  –  0,170 
116  –  0,005 

1109  –  0,240 
      1  –  0,001 

998  –  0,172 
254  –  0,004 

B2 343  –  0,643 
  31  –  0,024 

367  –  0,632 
  41  –  0,024 

1161  –  0,060 
      5  –  0,001 

263  –  0,649 
  30  –  0,035 

B3 398  –  0,629 
  20  –  0,010 

375  –  0,637 
  17  –  0,009 

657  –  0,491 
  32  –  0,002 

422  –  0,627 
  20  –  0,009 

B4 926  –  0,058 
  52  –  0,001 

927  –  0,088 
  91  –  0,002 

1175  –  0,048 
    13  –  0,001 

954  –  0,024 
111  –  0,000 

B5 1240  –  0,23 
    114  –  0,026 

1116  –  0,253 
    60  –  0,016 

1494  –  0,207 
    49  –  0,008 

1220  –  0,241 
  108  –  0,027 

B6 1603  –  0,082 
    18  –  0,003 

1586  –  0,075 
    15  –  0,003 

1605  –  0,113 
    15  –  0,003 

1543  –  0,093 
    86  –  0,007 

B7 1622  –  0,072 
    14  –  0,002 

1600  –  0,065 
    15  –  0,002 

1606  –  0,105 
    12  –  0,003 

1555  –  0,082 
    90  –  0,006 

Table 16. Aggregate Average Consumption – Income Gini Coefficient on the top of the cell and both the 

respective standard deviations on the bottom, from the 100 simulation runs per E2 scenario. 

 

 


