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O que é liberté? A liberdade. Que liberdade? A
liberdade, igual para todos, de fazer o que bem se
entender, dentro dos limites da lei. Mas quando é que
se pode fazer o que bem se entender? Quando se possui
um milhão. A liberdade concede acaso um milhão a
cada um? Não. O que é um homem desprovido de
milhão? O homem desprovido de milhão não é aquele
que faz o que bem entende, mas aquele com quem
fazem o que bem entendem.
F. Dostoiévski, Notas de inverno sobre impressões de

verão

Entendamo-nos a respeito da igualdade, porque se a
liberdade é o ápice, a igualdade é a base.
V. Hugo, Os miseráveis
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Resumo

Esta tese investiga as dimensões macroeconômicas da desigualdade de renda, explorando as im-
plicações distributivas de fatores econômicos e os efeitos bidirecionais entre distribuição de renda
e variáveis macroeconômicas, como crescimento econômico e inflação. A principal questão
de pesquisa diz respeito às condições sob as quais crescimento econômico inclusivo pode ser
alcançado. Para investigar essa questão de pesquisa, cada capítulo trata de uma questão mais es-
pecífica, explorando, assim, as diferentes camadas que formam a complexa e bidirecional relação
entre distribuição de renda e atividade econômica. O capítulo 1 trata da interação entre poder de
barganha dos trabalhadores e crescimento da produtividade, explorando suas implicações para a
distribuição de renda e crescimento econômico. Para isso, um novo modelo baseado em agentes
com características kaleckianas é construído. As principais novidades do modelo são um novo
e mais detalhado processo de barganha salarial entre empresas e trabalhadores capturando o
conflito sobre os salários nominais, um novo componente estratégico para a margem de lucro das
empresas e uma estrutura social de três classes. O modelo é empregado para analisar a interação
entre crescimento da produtividade, que potencialmente beneficia as empresas ao reduzir custos
unitários, e poder de barganha dos trabalhadores, que potencialmente beneficia os trabalhadores
ao afetar os salários nominais. O capítulo mostra que a relação entre distribuição de renda e
crescimento do produto depende da força relativa dos principais parâmetros que determinam
suas dinâmicas e identifica um dilema de política quando há um trade-off entre estimular a
atividade econômica e o crescimento da produtividade e promover mais igualdade, que pode,
contudo, ser atenuado por políticas protegendo os trabalhadores. O capítulo 2 investiga o efeito
de choques externos na distribuição de renda, atividade econômica e inflação em uma economia
aberta, estendendo, assim, o modelo baseado em agentes apresentado no capítulo anterior para
uma economia aberta ao comércio internacional de bens de consumo. São investigados choques
externos de demanda e de preços e os resultados sugerem que o tipo de choque, sinal, magnitude
e duração são de importância primordial para o efeito sobre a distribuição de renda. Ademais, o
tipo de choque importa para a relação entre crescimento econômico e distribuição de renda, bem
como para a relação entre crescimento econômico e taxa de câmbio real e para a natureza da
inflação. Finalmente, o capítulo 3 investiga o que poderia ser feito para reduzir as desigualdades
de renda. Os experimentos são baseados no modelo do capítulo 2 e exploram o efeito e a
interação de regulamentações no mercado de trabalho e políticas redistributivas. A combinação
destes instrumentos é eficaz para alcançar mais igualdade e exerce efeito positivo na dinâmica
do produto e do emprego. Além disso, o capítulo destaca a natureza complexa da relação
bidirecional entre estes instrumentos e a distribuição de renda, bem como entre distribuição
de renda e variáveis macroeconômicas como crescimento econômico e inflação. Um cenário
pró-trabalhar é caracterizado por mais igualdade e maiores taxas de crescimento econômico mas
requer um desenho cuidadoso e avaliação dos efeitos e interações entre estes instrumentos.

Palavras-chave: modelos baseados em agentes, distribuição de renda, parcela salarial, cresci-
mento econômico, inflação, choques externos, política econômica



Abstract

This dissertation investigates the macroeconomic dimensions of income inequality by explor-
ing the distributive implications of economic factors and the feedback effects between income
distribution and macroeconomic variables, such as output growth and inflation rates. The main re-
search question concerns the conditions under which inclusive economic growth can be achieved.
To investigate this research question, each chapter deals with a more specific and derived research
question, thus exploring the different layers that form the complex and two-way relationship
between income distribution and economic activity. Chapter 1 deals with the interplay between
workers’ bargaining power and productivity growth and explores its implications for income
distribution and output growth. In order to do so, a novel agent-based model with Kaleckian
features is set forth. The main novelties of the model are a new and more inclusive wage
bargaining process between firms and workers capturing the conflict over nominal wages, a
new strategic component to firms’ mark-up rates, and a three-class social structure. The model
is employed to analyze the interaction between productivity growth, which potentially bene-
fits firms by reducing unit costs, and workers’ bargaining power, which potentially benefits
workers by affecting nominal wages. The chapter shows that the relationship between income
distribution and output growth largely depends on the relative strength of the key parameters
determining the dynamics of these variables and identifies a policy dilemma when there is a
trade-off between stimulating economic activity and productivity growth and promoting more
equality in the income distribution, which can, nonetheless, be attenuated by policies protecting
workers. Chapter 2 investigates the effect of foreign shocks on income distribution, economic
activity, and inflation in an open economy, thus extending the agent-based model set forth in the
preceding chapter to an economy open to international trade of consumption goods. The effects
of a foreign demand and a foreign price shock are investigated and simulation results suggest
that the type of shock, sign, magnitude, and length are of primary importance for understanding
how income distribution is affected. Also, the type of shock matters for the relationship between
output growth and income distribution, as well as for the relationship between output growth and
the real exchange rate and for the nature of inflation. Finally, chapter 3 investigates what could
be done to reduce income inequalities. The experiments are based on the model presented in
chapter 2 and explore the effect and interaction of labor market regulations and redistributive
policies. The combination of these policy tools is effective to achieve more equality, while
also exerting a positive effect on the output dynamics and employment levels. Moreover, the
chapter highlights the complex nature of the two-way relationship between these regulations and
policies and income distribution, as well as between income distribution and macroeconomic
variables such as output growth and inflation. Thus, while a pro-labor scenario is characterized
by more equality and higher output growth rates, careful design and evaluation of the effects and
interactions between these policy tools are also recommended.

Keywords: agent-based models, income distribution, wage share, economic growth, inflation,
foreign shocks, economic policy
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ȳc,∗c,t average direct workers’ labor productivity at desired production level
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Y $
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α Beta distribution parameter (innovation process)
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γ1 sensitivity of worker’s desired wage to previous inflation rate
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ϑ employees turnover share
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ι2 domestic firms’ maximum market share of foreign market
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Λ$
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ΛD,$
c,t new loan demand

λ1 smoothing parameter of nominal interest rate
λ2 sensitivity of nominal interest rate to inflation gap
λ3 sensitivity of nominal exchange rate to trade balance
λ4 sensitivity of nominal exchange rate to interest rate differential
µf,t mark-up rate at firm f



µ∗c,t mark-up rate component due to competitiveness with other firms
ν1 sensitivity of mark-up rate to evolution of market share
ν2 mark-up deviation persistence
ν3 sensitivity of mark-up deviation to change in unit costs
ν4 sensitivity of market share to competitiveness
ν5 sensitivity of mark-up deviation to exports growth
Πdist,$
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Πh,$
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Πgross,$
f,t gross profits at firm f

Πnet,$
f,t net profits at firm f
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ρ4 indirect workers per direct worker demanded in C firms
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%1 initial ratio between direct workers’ wage and minimum wage
%2 initial ratio between indirect workers’ wage and direct workers’ wage
%3 initial productivity difference between vintages
T $
H,t aggregate nominal profits
τ tax rate on income
τ dif difference between high and low tax rates
τhight high-income households tax rate
τ i tax rate on interest on deposits
τ lowt low-income households tax rate
φ sensitivity of workers’ bargaining power to employment rate
ωi sensitivity of expected demand to actual demand in period t− i
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Introduction

Income inequality is the collective inheritance of a society divided into classes, in
which power is used to extract income from the less powerful classes in favor of the more
powerful ones. It is transmitted across generations through multiple forms of capital, that is,
the private and unequal inheritance of the economic, cultural, and social capitals (Bourdieu,
1986). It bespeaks the history of each society, in particular its racists and patriarchal bases, which
historically have determined who belongs to the more powerful classes. It manifests itself in our
daily lives through the combination of numerous mechanisms that translate power and capital
into income and income disparities.

This dissertation investigates the macroeconomic dimensions of income inequality
by exploring the effect of different economic mechanisms. In this sense, it explores some
of the economic determinants of inequality in a society divided into classes, wherein one’s
position in the social structure determines one’s opportunities and power. Accordingly, we
emphasize the importance of the functional income distribution to understanding the personal
income distribution (Atkinson, 2009, Giovannoni, 2010). The analysis of the macroeconomic
determinants of income distribution in such a structure provides information concerning their
role in reproducing existing inequalities and generating new ones and indicates how economic
policies can potentially attenuate the income disparities generated by the economic system.

Our analysis of the macroeconomic determinants of income inequality is largely
inspired by the post-Keynesian literature - mostly of the Kaleckian variety - and its understanding
that income distribution in capitalist societies results from the class conflict. Indeed, it is
especially inspired by Michal Kalecki’s work and the more recent Kaleckian literature that
explores theoretically and empirically the determinants of income distribution and its two-
way relationship with economic growth. Thus, such theoretical framework also motivates the
analysis of the feedback effects between income inequality and three important macroeconomic
indicators: employment, output growth, and inflation. More specifically, the post-Keynesian
approach emphasizes the intrinsic relation between the bargaining process over nominal wages
and pricing decisions by firms, which determines real wages and the wage share. Therefore,
income distribution and inflation result from the same economic processes and should be analyzed
in tandem (Rowthorn, 1977). In addition, the level of economic activity and the employment rate
are closely related to the income distribution, either by altering the relative bargaining power of
each class, and thus generating changes in the income distribution, or by responding to changes
in income distribution that alter the level of aggregate demand (Bhaduri and Marglin, 1990,
Blecker, 1989, Dutt, 1984, Lavoie and Stockhammer, 2012, Rowthorn, 1981).
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Considering these different dimensions, the main research question of this disser-

tation concerns the conditions under which inclusive economic growth can be achieved or, in
other words, more income equality can be more favorably conciliated with economic growth. To
investigate this research question, a novel agent-based (AB) model with Kaleckian features is set
forth and each chapter makes use of (and, in some cases, extends) this model to deal with a more
specific and derived research question, thus exploring the different layers that form the two-way
relationship between income distribution and economic activity. Indeed, the structure of this
dissertation is organized to explore endogenous mechanisms determining the relative strength of
each class (chapter 1), exogenous factors altering the international trade relations and the social
conflict over the income distribution (chapter 2), and the effect of regulations and policies aiming
to reduce the inequalities generated by the economic system (chapter 3). The combination of
these different layers of analysis provides new insights into the macroeconomic determinants
of income distribution, as well as into the feedback effects between income distribution and
output growth. Given the complex nature of these two-way relationships, the dissertation also
offers a detailed analysis of the possibilities of achieving inclusive economic growth in different
economic contexts.

The use of AB models for macroeconomic analyses has been increasing since the
availability of modern digital computers, which have made it possible to build complex and
encompassing models (Simon, 1959). The complexity of these models stems from the inclusion
of heterogeneous agents, detailed behavioral and exceptional rules, interaction protocols, and
non-linearities. In addition to providing empirically-based microfoundations to macroeconomic
models, these features allow them to incorporate a large number of endogenous variables and to
generate emergent properties without the need of (or not available through) analytical solutions
(Haldane and Turrell, 2018). While the first AB macroeconomic models date back to the 1970s,
this literature started to attract more attention from the 2000s onward. Nowadays, there are
many research groups contributing to build a diverse set of AB macroeconomic models (Dawid
and Delli Gatti, 2018, Fagiolo and Roventini, 2017). Indeed, as the field flourishes, it can be
argued that it offers a robust alternative to the more standard macroeconomic models based on
representative agents, which fail to account for the complex and evolving nature of economic
systems (Dosi and Roventini, 2019).

The complex nature of the relationship between income distribution and economic
activity would already motivate the use of an AB model in this dissertation, but there are also
some specific advantages of such a framework that are worthwhile emphasizing. The inclusion
of heterogeneous households enables us to consider agents that belong to different classes,
thus having specific roles in the production process and earning different types (and levels) of
income. Combined with the heterogeneity at the level of the firms, this means that each type
of shock affects the agents differently depending on their class, employment status, and other
agent-specific characteristics, which leads to heterogeneous and endogenously time-varying
wage and price levels. As the distribution of profits within the capitalist class and of wages
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within the managers and workers classes change, a more nuanced and granulated relationship
between the endogenously-generated functional and the personal income distribution can be
captured. Moreover, the detailed structure of an AB model provides qualitative information
with respect to the distributive effect of specific shocks, policies, and institutions. Thus, we are
able to discuss not only their effect on the overall income distribution, but also how this effect
is obtained by identifying the transmission mechanisms and discriminating the groups that are
affected the most in each case.

Overall, the main structural novelties of the model set forth in this dissertation relative
to other AB macroeconomic models (Dawid and Delli Gatti, 2018, Fagiolo and Roventini, 2017)
are a new and more inclusive wage bargaining process between firms and workers capturing the
conflict over nominal wages, a new strategic component in the mark-up rates of firms linking the
evolution of nominal costs to the functional income distribution, and a three-class structure based
on Mohun’s (2016) work that connects the functional and personal income distribution. While
these are the main structural novelties of the model, the entire model structure was developed
in this dissertation, so many of the equations and relations are specific and different from other
models or have been adapted from models in the literature. Given these features of the model, we
undertake a different approach relative to the vast majority of the recent literature on increasing
income inequality, which has focused on individual labor market earnings due to the strong
influence from human capital theory (Berg, 2015). Similarly to numerous models in the AB
macroeconomic literature, economic growth is determined through the interaction between
supply and demand factors in a coevolutionary process.

The model structure is presented in chapter 1, wherein we also employ it to discuss
key determinants of the income distribution and of its relationship with economic activity. More
specifically, we analyze the interaction between productivity growth, which potentially benefits
firms by reducing unit costs, and workers’ bargaining power, which potentially benefits workers
by affecting the nominal wages and offering a countervailing power to that of employers. In this
sense, the experiments presented in chapter 1 are closely related to numerous empirical analyses
investigating the increase in income inequality in many economies, in particular studies that
stress the role of the erosion of institutions and policies that used to protect workers in a context
of productivity growth (Mishel and Bivens, 2021, Setterfield, 2021, Setterfield and Blecker, 2022,
Stansbury and Summers, 2020). Since the model incorporates several features of the conflicting-
claims inflation model in the post-Keynesian literature, inflation emerges endogenously through
the interaction between heterogeneous firms and workers. By exploring the key intuition that
productivity growth may provide the potential for changes in the income distribution while its
actual effect is mediated by the labor market, the chapter shows that the two-way relationship
between income distribution and output growth largely depends on the relative strength of the
key parameters determining the dynamics of these variables. It also identifies the possibility of a
policy dilemma when there is a trade-off between stimulating economic activity and productivity
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growth and promoting a more equal income distribution, which can, nonetheless, be attenuated
by policies protecting workers.

Chapter 2 investigates the effect of foreign demand and price shocks on income
distribution, economic activity, and inflation in a small open economy, thus introducing a new
and unexplored dimension to the class conflict over the income distribution. In order to do so,
the AB model put forward in chapter 1 is extended to an economy open to international trade
of consumption goods. The chapter analyzes the dynamics of such an economy when subject
to temporary external shocks of different types, signs, magnitudes, and lengths that affect its
international trade relations and have implications for output growth, income distribution, and
inflation. Two types of shocks, which have not been explored so far in the AB models literature,
are investigated: a shock on the foreign output growth rate (a demand shock) and a shock on the
foreign inflation rate (a price shock). The simulation results suggest that the type of shock, sign,
magnitude, and length are of primary importance for understanding how income distribution is
affected by foreign shocks that operate through international trade. These characteristics are
also key for understanding how the dynamics of income distribution is related to that of output
since shocks that stimulate export growth and output have very different effects on distribution
depending on these characteristics. They also highlight that income distribution is an important
mechanism through which foreign shocks influence the domestic economy dynamics. Similarly,
the results indicate that the two-way relationship between output growth and the real exchange
rate varies depending on the type of shock and is influenced by the interplay between income
distribution and international competitiveness. The open economy framework also leads to a
connection between the foreign and domestic inflation rate and, consequently, to a more realistic
approach to the determinants of inflation (Bobeica and Jarocinski, 2019, Borio and Filardo,
2007).

Finally, chapter 3 intends to investigate what could be done policy-wise to tackle the
expressive income inequality levels that characterize many contemporaneous capitalist economies.
The analysis is based on the open economy AB model outlined in chapter 2 in order to capture
the complex two-way relationship between income distribution and output growth given the
possibility of a loss in international competitiveness that may result from nominal wage increases
(Blecker, 1989). The experiments explore the effect and interaction of labor market regulations
and redistributive policies. The chapter starts by discussing the transition from the pro-market
scenario, wherein the government does not rely on any policy tools to influence the income
distribution, towards the redistributive scenario, wherein redistributive policies (unemployment
benefits and progressive taxation) are progressively added with the aim of reducing the inequality
levels generated by the (unregulated) bargaining process between agents in the labor market. Yet,
in such redistributive scenario, the government still does not rely on labor market regulations
possibly to avoid efficiency losses. The analysis then moves from the redistributive scenario
towards the pro-labor scenario, wherein in addition to the redistributive policies, there are also
more regulations protecting workers in the wage bargaining process (downward nominal wage
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rigidity, an active minimum wage policy, and higher workers’ bargaining power independently
from the employment level). Since our analysis deals with the effects of each type of labor market
regulation and redistributive policy, the results also provide new insights into the interaction
between the policies and their contribution to the main macroeconomic and distributive variables.
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Chapter 1

Income distribution, productivity growth, and
workers’ bargaining power

1.1 Introduction

In the past decades, the economic debate on income distribution has been strongly
revived. This has been the case due to the growing understanding that inequality has reached
unprecedented high levels and that this dynamics has potential undesirable economic and social
consequences. Indeed, different measures show that inequality has worsened in a number of
countries in the past years, such as the lower wage shares (ILO, 2008, Stockhammer, 2017),
the higher top wages relative to lower wages ratios (Atkinson, 1970, Baker et al., 2019, Piketty
and Saez, 2006), or the higher supervisors’ wage shares (Mohun, 2014). In an effort to explain
this dynamics, the literature highlights that it results from a combination of different factors,
such as skilled-biased technological change (combined with job polarization), globalization,
financialization, and labor market institutions (Mishel and Bivens, 2021, Karanassou and Sala,
2010, Machin, 2008, Stockhammer, 2017).

This chapter deals with two of those factors: technological change and institutions
that support workers’ bargaining power. Our aim is to understand how these factors affect
(individually and jointly) the inequality dynamics. Indeed, one of the key aspects related to the
increase in income inequality is the increasing wage-productivity gap and increasing mark-up
levels (De Loecker et al., 2020). In the case of the US, for instance, numerous authors draw
attention to a contrast between fairly stagnant real wages and the continuous labor productivity
growth (Karanassou and Sala, 2010, Mohun, 2006). This means that the median workers’ living
standards lagged behind the economy’s potential, with this gap being directed to highly paid
managers through an increase in earnings inequality and to capital owners through an increase
in the profit share (Bivens and Mishel, 2015). Interestingly, while the increase in productivity
in the US was much more intense in the period between 1948 and 1973 than in the period
between 1973 and 2014, it was only in the latter period that the dynamics of real wages and
productivity strikingly diverged (Bivens and Mishel, 2015). The additional factor explaining
the increasing wage-productivity gap in the latter period is to be found in the labor market
dynamics, in particular a shift in power relations that undercut the ability of workers to obtain
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real wage growth in line with productivity. This resulted from intentional policy decisions that
led to the erosion of institutions and policies that used to provide a countervailing power to
that of employers (Mishel and Bivens, 2021), so the resulting increased labor market flexibility
and “worker insecurity” replaced unemployment as a discipline device that moderates workers’
bargaining power (Setterfield, 2021). This interpretation seems to hold for other OECD countries
as well, as there is evidence that the reduction in workers’ bargaining power is a key factor in the
decline in the wage share (Guschanski and Onaran, 2021).1 Therefore, if productivity growth
may provide the potential for changes in the income distribution, its actual effect is mediated by
the labor market and, in particular, the relative power of employers vis-à-vis workers.

From a theoretical perspective, these relations are strongly related to the post-
Keynesian literature, in particular its approach to the functional income distribution inspired
by Michal Kalecki’s work. This literature has long emphasized that the wage share results
from the class conflict between workers and firms over the income distribution (Kalecki, 1971,
ch. 14), an idea that was later related to the inflation dynamics (Rowthorn, 1977). The factors
discussed above influence how this conflict plays out and the resulting wage share, which is
negatively related to the mark-up over unit costs. Indeed, in the case of a simple mark-up pricing
equation with labor as the main production input, the wage share will remain constant as long
as the mark-up remains constant. Accordingly, nominal wage increases that are proportionally
passed on to prices simply lead to higher price levels, whereas productivity increases that are not
accompanied by higher mark-up rates will not lead to more inequality in the functional income
distribution (a lower wage share).2 Thus, if changes in the wage share are observed, something
is happening to firms’ mark-up rates as well, which can suffer a downward pressure from higher
nominal wages or increase in face of productivity gains that decrease costs.3 In other words, in a
context of growing labor productivity, increasing (decreasing) workers’ bargaining power can
counteract (reinforce) the evolution of mark-ups and the wage share.

The dynamics of the wage share also entails implications for the personal income and
wealth distribution. Indeed, profits become income for capital owners when they are distributed
and these households tend to be part of the rich class. If profits are more unequally distributed

1Stansbury and Summers (2020) have named this the "bargaining power hypothesis". As argued in their paper, this
hypothesis is coherent with many phenomena observed in the US economy. Also Setterfield and Blecker (2022)
emphasize the role of lower workers’ bargaining power in increasing income inequality and relate it to the inflation
dynamics.

2Nevertheless, labor-saving technology can lead to lower employment rates, which can worsen the personal income
distribution as unemployed workers tend to earn lower incomes (e.g. unemployment benefits). It can also increase
the earnings inequality if it increases education wage differentials by reducing the relative demand for low-skilled
workers relative to other workers (the so-called skill-biased technological change).

3It is worthwhile mentioning that changes in the wage share observed in real data can also be associated with
cyclical effects due to overhead labor or with changes in the composition of employed workers (e.g., changes in the
share of self-employment in total employment depending on how this income is treated in the national accounts).
While the former effect is considered in what follows, it mainly leads to cyclical fluctuations in the wage share,
that can be observed even if the mark-up rate is fixed depending on the pricing rule adopted (see Lavoie (2014, ch.
3)). The latter effect is not considered in this chapter, so our discussion pertains to the division of income between
employees and firms.
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than wages, this composition effect is a channel through which higher profit shares lead to
more inequality in the personal income distribution (Daudey and García-Peñalosa, 2007). Also,
changes in the profit share can affect the personal income distribution through changes in the
inter-class inequality (Wolff and Zacharias, 2013). This is reflected in the recent data for the US,
for example, which show both an increase in the profit share and an increase in the top wages
income share (Mohun, 2014).4 Additionally, as a higher personal income inequality is associated
with increases in the wealth inequality, the mechanisms driving the former can also be relevant
to the dynamics of the latter (Tippet et al., 2021).

In order to further investigate the interplay between productivity growth and workers’
bargaining power, we build a novel agent-based (AB) macroeconomic model. Our main objec-
tive is to provide a theoretical framework that incorporates the class conflict over the income
distribution, which can be influenced by different elements that affect the relative strength of
each class in the conflict. More specifically, the proposed framework allows this conflict to
be influenced by the extent to which firms take advantage of productivity growth and workers’
bargaining power affects the nominal wage dynamics. The combination of these features of
the model allows workers’ and firms’ strengths to endogenously affect the real wage level and
the wage share and offers new insights into how technological innovation and labor strength
affect inequality. In this sense, the model follows the tradition in macrodynamic AB models that
aims to reproduce macroeconomic features that emerge from decentralized interactions among
heterogeneous agents in a bottom-up approach (Dawid and Delli Gatti, 2018). In addition to
reproducing a broad range of stylized facts at the macro and micro levels, a key feature of the
model is the reproduction of empirical regularities regarding the income distribution dynamics,
which indicates that the model structure is well-suited for our purpose. Our experiments explore
the interplay between productivity growth and workers’ strength, which are further discussed in
the sensitivity analysis. We show the importance of firms’ and workers’ strength in determining
the outcome of the class conflict over the income distribution, with the former increasing with
productivity growth and the latter increasing with institutional factors that support workers in the
wage bargaining process. With respect to the macroeconomic implications of this interaction,
in addition to exploring the conditions under which positive inflation rates arise, we show that
the relation between income inequality and output depends on the source of changes in the
income distribution, giving rise to a policy dilemma when there is a trade-off between stimulating
economic activity and productivity growth and promoting a more equal income distribution.

The remaining of this chapter is organized as follows. In section 1.2 the related
literature is discussed. In section 1.3 the main features of the model are summarized. In section
1.4 the model structure is presented. Then, the baseline specification and the model’s validation

4With respect to the US case, it should be noted that while Wolff and Zacharias (2013) argue that inter-class
inequality was the main cause of the overall increase in inequality from 1989 to 2000, Piketty and Saez (2006)
suggest that increases in top wages are the main explanation for the higher top income shares in the post-1970
period. Nevertheless, both factors operate to decrease the income share of the working poor, as discussed by Rolim
(2019).
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are discussed in section 1.5, while the experiment results are presented in section 1.6. Section
1.7 presents the sensitivity analysis, where we investigate the interaction between key model
parameters. Concluding remarks follow in section 1.8.

1.2 Related literature

Our work relates to a growing AB literature that deals with income distribution issues
from different perspectives. The wage bargaining process relates to and considerably extends
that presented by Fagiolo et al. (2004), wherein firms set wages as a linear combination of the
average satisficing wage of workers who applied for the open positions and their own satisficing
wage, with the weight of each component depending on firms’ (exogenous) bargaining strength.
The authors show that the model is able to reproduce key labor market stylized facts, such as the
Beveridge, Wage, and Okun curves. In addition, the authors find that higher firms’ bargaining
strength is associated with lower growth rates. Similarly, a wage bargaining model is presented
in the labor-augmented version of the “Schumpeter meeting Keynes” (KS) model (Dosi et al.,
2017, 2018). The authors compare two systems representing the “Fordist regime”, in which
wages are not bargained for and are unilaterally set by firms, and the “Competitive regime”, in
which firms offer the minimum amount that satisfies enough workers in their applicants queues.
In general, the competitive scenarios lead to higher unemployment rates, higher mark-up rates,
higher standard deviation of wages, and higher inequality.

There are also various contributions that discuss the relation between income dis-
tribution and productivity growth. For instance, Carvalho and Di Guilmi (2020) show how
productivity growth can lead to changes in income distribution by considering labor-saving tech-
nological progress. In their model, productivity growth is associated with higher unemployment
rates, which have a detrimental effect on the wage dynamics and a positive effect on the mark-up
set by the firm sector (represented as an aggregate sector in the model), thus altering both the
functional and personal income distribution. The relation between inequality and productivity
growth is also analyzed in Ciarli et al. (2010), who deal with the relation between technological
progress, firms’ organizational structure and wages and earnings structure. In addition, Caiani
et al. (2019b) deal with the link between productivity growth and inequality by focusing on
how different distribution regimes affect the innovation dynamics. In their model, households
are also split into different classes and a dynamics in the personal income inequality emerges
from differences between the income groups. An alternative relation between productivity and
inequality is explored by Caiani et al. (2019a), who assume an adaptive behavior of firms, which
adjust prices depending on their sales and wages depending on whether they could fill all vacant
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job positions. In this sense, mark-ups are residually determined by the difference between prices
and unit costs (which are also affected by productivity growth).5

An alternative analysis of the link between innovation and inequality is offered
by models that focus on market concentration dynamics. These works draw on contributions
documenting the increase in product market concentration associated with technological change
and the existence of higher entry barriers. As the higher concentration benefits firms with higher
mark-up rates, it is associated with the observed decreases in the wage share (Autor et al., 2020,
De Loecker et al., 2020). In line with these works, Terranova and Turco (2022) explore how
market concentration is affected by technical change and what are the implications for income
inequality. The authors show that the dynamics can be markedly different depending on whether
there are legal entry barriers (which affect concentration in the long run) and that economic
policies can attenuate the tendency towards concentration or alter the macroeconomic results.
Similarly, Dawid and Hepp (2021) capture the role of firms in shaping inequality dynamics in
different technological regimes in a model where workers are heterogeneous with respect to their
skills. They show that the effect of productivity growth on inequality strongly depends on how
the technological regime changes and that the effect of market concentration on wage inequality
can be ambiguous.

Inspired by these works, this chapter contributes to the literature by linking the wage
bargaining process based on firms’ and workers’ interaction to productivity growth. As this
framework avoids the oversimplifications that lead to a superficial or absent interaction between
firms and workers in the wage bargaining process that are commonly adopted in the literature,
it allows for an endogenous determination of income distribution as an emergent property. In
sum, the main implication of our proposed framework is to allow the study of the functional
and personal income inequality dynamics in an economy intrinsically characterized by a class
conflict over the distribution of income, in which the relative evolution over time of wages and
productivity is simultaneously an expression and a determinant of the bargaining power of each
class.

1.3 Key features of the model

The model’s basic structure is inspired by key contributions in the macroeconomic
AB literature, such as the KS model (Dosi et al., 2010, 2013, 2018), the micro-macro multisectoral
model (Dweck, 2006, Dweck et al., 2020, Melo et al., 2016), as well as the models developed
by Caiani et al. (2016, 2019a,b), Ciarli et al. (2010, 2019), Carvalho and Di Guilmi (2020), and
Oliveira et al. (2020). Its main contribution is to incorporate three aspects relevant to the recent
changes in the functional and personal income distribution, which are particularly related to the

5Thus, while productivity growth is also interpreted as an opportunity to increase profit margins in Caiani et al.
(2019a), this results from an adaptive behavior of firms, rather than being determined strategically by firms
following a mark-up pricing rule as proposed in our model.
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Kaleckian approach. These features are also the major novelties of the model in comparison with
the existing literature.

Firstly, we model a novel and fuller specified wage bargaining process in which
the interaction between workers and firms is key to the wage determination. In our proposed
model, workers can influence the nominal wage adjustment by firms through their bargaining
power, which is assumed to reflect the institutional framework supporting workers and the
macroeconomic context (captured by the employment rate). This approach intends to provide
a broader and more detailed wage setting mechanism, rather than assuming that wages are
unilaterally determined by one agent (firms or workers) and just accepted (or rejected) by the
other agent. As such, our model provides a novel conflicting-claims approach to modeling wage
negotiations that has not yet been undertaken in the literature.

Secondly, firms’ mark-up adjustment rule is assumed to depend on a strategic
evaluation of their positions vis-à-vis their competitors and vis-à-vis the working class, which
are summarized by the evolution of their market shares and unit production costs respectively.
This latter variable captures the interplay between productivity and nominal wage growth rates
and signals to firms if they may increase or maintain higher mark-up levels to take advantage
of productivity growth, or if they should keep their mark-ups at lower levels in order to prevent
nominal wage increases from passing on entirely to prices and harming their competitiveness.
Therefore, in addition to the commonly adopted assumption that firms seek to become more
efficient in order to lower costs and prices with the objective of achieving higher market shares,
we assume that productivity growth is a strategy to increase profit margins and rates without
increasing prices. As mark-ups are an expression of firms’ power (the extent to which prices can
be set above costs), this framework incorporates productivity growth as another facet of the class
conflict over income distribution.

Finally, we link this class conflict dynamics and its effects on the functional income
distribution to the personal income distribution through a class structure for households. We
incorporate the sociological class division described by Mohun (2016), according to which
capitalists receive non-labor income, the working class is characterized by being powerless (is
compelled to sell its labor power and is supervised by someone else), and the managerial class
exercises supervisory functions, but, as the working class, does not have sufficient non-labor
income. Accordingly, in our model households are split into three heterogeneous classes that
perform different functions and earn different income levels. With respect to the capitalist class
specifically, we assume that each capitalist owns a fixed share of a firm, so each firm is owned by
a fixed number of capitalists. Therefore, despite of a fixed distribution of profits within each firm,
the income distribution in the capitalist class is endogenously determined by the goods market
dynamics (as well as by the evolution of firms’ prices and costs). This is an important feature for
the relation between the functional and personal income distribution, as capital income tends to
be more unequally distributed than labor income (Daudey and García-Peñalosa, 2007).
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1.4 The model

The model is composed of five types of agents:6

• A monopolist capital goods firm, which produces machines using direct labor and em-
ploys indirect workers to supervise the production process and to engage in research and
development (R&D) activities.7 This firm is responsible for the innovation activity in the
economy, with the new technologies being embodied in its production technique and in
the new machines. It distributes to its owners all its net profits.

• A set of N c consumption goods firms, which produce a homogeneous good using direct
labor and machines. These firms also hire indirect workers to perform management and
supervision activities. They invest in capital goods and may ask for a loan to finance
production and/or investment. Net profits are distributed to the capitalist households who
own them.

• A monopolist bank, which grants loans to consumption goods firms, buys bonds from the
government and holds firms’ and households’ deposits. For simplicity, the bank does not
hire any worker to perform its activities and it is not owned by any capitalist household, so
its profits (if any) are simply added to its net worth.

• A set of Nh households divided in N cap capitalists, Ndir direct workers, and N ind indirect
workers. Workers sell their labor to firms and receive wages in return, while capitalists
own the firms and receive profit dividends (each firm is owned by ρ1 capitalist households).
Unemployed workers receive a tax-exempted benefit from the government. Households
buy consumption goods and keep their savings as deposits at the bank. They also pay taxes
on profit dividends and wages.

• A public sector composed by a central bank and a government. The government employs
a fixed number of direct and indirect workers, pays unemployment benefits to unemployed
workers, collects taxes, and issues bonds to cover its fiscal deficits. It is also responsible
for setting the minimum wage. The central bank holds the government’s reserves account
and government bonds and sets the base interest rate (at a fixed level i).

6The following subscripts are used throughout this dissertation: h for households, c for consumption goods firms,
m for machines, k for the capital goods firm, f for both firms, b for the bank, and g for the public sector. The
superscripts res, man, ind, dir, and cap refer to researchers, managers, indirect workers, direct workers, and
capitalists, respectively, while j refers to households from all classes. The superscripts $, D, d , and e identify
nominal, demand, desired, and expected variables, respectively. Note that variables that are defined as expected or
desired are so defined because they may not be equal to the respective actual value and even to each other. Finally,
the subscript t identifies the time period, which encompasses the production, commercialization, and investment
periods. Parameters that do not change in a given simulation are referred to as fixed parameters and, as such, are
not accompanied by t.

7The assumption of monopolist agents is adopted in other models in the literature (Cardaci and Saraceno, 2018,
Dawid et al., 2019, Carvalho and Di Guilmi, 2020, Dweck et al., 2020, Oliveira et al., 2020) and is consistent with
the idea of keeping the model as simple as possible in the elements that are less essential to the main relations
under analysis.
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The model structure and the interactions between the agents are represented in figure

1.1 and a detailed matrix presenting the transaction flows between the agents is reported in
Appendix A. The next sections present the decision rules for all agents and interaction protocols.8
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Figure 1.1: Model structure
Note: arrows point from paying sector to receiver sector. Source: author’s own elaboration.

1.4.1 Capital goods firm

The capital goods firm sector is represented by a monopolist firm, which produces a
homogeneous capital good characterized by direct labor productivity yc,?t . The firm uses direct
labor as the sole production input and employs a production technique characterized by direct
labor productivity ykt . These workers are supervised by indirect workers hired as managers. The
capital goods firm is responsible for the innovation process, which is undertaken by indirect
workers hired as researchers. This is the sole source of increase in the productivity of direct
labor in the economy and may create an additional demand for the capital goods firm. In the
beginning of each period, the firm receives orders of new machines from the consumption goods
firms (aggregate investment demand), which are delivered in the end of the period.

1.4.1.1 Innovation

Innovation is modeled as a three steps process, whose outcome depends on two
successive random draws (Dosi et al., 2010, Nelson and Winter, 1982). In case the firm is
successful in innovating, the new values of labor productivity in the capital goods sector (ykt ) and
embodied in the new machines (yc,?t ) depend on a comparison with the previous state-of-the-art.

In the first step, the firm decides how much to spend in R&D. This amount depends
on a fixed fraction ρ2 < 1 of the current period nominal investment demand. The R&D budget

8The model presented in this Ph.D. dissertation was implemented and simulated in the Laboratory for Simulation
Development (LSD) software with the assistance of the Purpurea program (see Appendix E). The data analysis was
undertaken in R and greatly benefited from R scripts available in model examples in LSD.
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determines the number of researchers the firm demands in the period (section 1.4.1.2), while the
actual number of employed researchers (Lresk,t ) is determined in the labor market.

Then, a random draw determines whether the firm is successful in innovating. More
specifically, the firm’s access to innovation is determined by a Bernoulli draw with the probability
of success being a function of the number of researchers employed:

θt = 1− e−ζLresk,t (1.1)

where 1 > ζ > 0 is a parameter that reflects the firm’s search capabilities.
If this first random draw is successful, the new technology is characterized by the

pair yc,int and yk,int :
yc,int = yc,?t (1 + xct) (1.2)

yk,int = ykt (1 + xkt ) (1.3)

where xct and xkt are random draws from a Beta(α, β) distribution over the [−x, x] support.
The firm then decides whether it adopts the new technology (yc,int and yk,int ) or

continues with the previous technology (yc,?t−1 and ykt−1) . Similarly to Dosi et al. (2010), this
decision is based on the trade-off between the price (higher ykt leads to a lower price, ceteris

paribus) and efficiency (which increases with yc,?t ) of the machine. More specifically, when the
firm observes that the new technology renders a higher price and lower efficiency or when it
renders a lower price and higher efficiency, it automatically chooses the best alternative (stay
with old technology or adopt new technology respectively). Whenever that is not the case, it has
to evaluate whether the (lower or higher) efficiency associated with new technology compensates
the (higher or lower) price of the machines, since the consumption goods firms adopt this type
of evaluation when deciding to replace old machines by new ones. Consequently, the decision
rule followed by the capital goods firm to decide between the two technologies is to adopt the
technology that minimizes the sum of the price of the machine and the total production cost at
the consumption goods firms’ desired capacity utilization rate (ud) times a payback factor:

min[pk(y
k
t−1) + bΓ$(yc,?t−1, u

d), pk(y
k,in
t−1 ) + bΓ$(yc,int−1 , u

d)] (1.4)

where pk is the capital goods price function (see section 1.4.1.3), b is the exogenous payback
factor, and Γ$ is the consumption goods firms’ total cost function (see section 1.4.2.5).9

9As the average wage level in the current period is not yet known when the capital goods firm is undertaking this
decision, it calculates the consumption goods firms’ costs by assuming that the previous period average wage in
the economy grew at the same rate as wages in the capital goods sector.
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1.4.1.2 Labor demand

The capital goods firm hires both direct and indirect workers. Direct workers are
directly involved with the production process, so the demand for direct workers is the ceiling of
(i.e., the smallest integer that is not smaller than) the division of the consumption goods firms’
investment demand in the period (

∑Nc

c=1 I
D
c,t) by the direct workers’ productivity, as follows:

LD,dirk,t =
⌈∑Nc

c=1 I
D
c,t

ykt

⌉
(1.5)

Indirect workers are employed either as managers who supervise the production
process or researchers. While the demand for the former depends on the demand for direct
workers (equation 1.6), the demand for the latter is determined by the firm’s R&D budget and
the current wage level for indirect workers (equation 1.7):10

LD,mank,t =
⌊
ρ3L

D,dir
k,t

⌉
(1.6)

LD,resk,t =
⌊ρ2

∑Nc

c=1 I
D,$
c,t

wind,$k,t

⌋
(1.7)

where the parameter ρ3 is the fixed number of managers per direct worker, ρ2

∑Nc

c=1 I
D,$
c,t is the

R&D budget, and wind,$k,t is the indirect workers’ wage level. Since managers and researchers are
indirect workers, the firm’s total demand for indirect workers is LD,indk,t = LD,mank,t + LD,resk,t .11

1.4.1.3 Pricing

The capital goods firm follows a cost-plus pricing rule:

p$
k,t = (1 + µk)

(wdir,$k,t + ρ3w
ind,$
k,t )

ykt
(1.8)

where µk is a fixed mark-up rate and wj,$k,t is the wage rate for each type j = dir, ind of worker.12

1.4.1.4 Production

The firm’s production level is given by the floor of the number of direct workers
it hires in the period multiplied by their productivity, which is adjusted by a correction factor
that depends on the actual ratio of managers to direct workers in comparison to the required
ratio. This adjustment captures the effect of management shortcomings whenever the firm cannot
10These values are respectively rounded to the closest integer and rounded down. The reason for this treatment in

the first case is to reach a stable average relation between LD,dir
k,t and LD,man

k,t , while in the second case it is to
guarantee that the cost with researchers does not exceed the R&D budget.

11Hired indirect workers are split between researchers and managers proportionally to their participation in LD,ind
k,t .

12The use of mark-up rules is largely supported by the empirical literature based on surveys in different countries
(Correa et al., 2018, Fabiani et al., 2006).



37
hire as many managers as required to supervise the direct workers and organize the production
process. Formally, production is given by:

Qk,t = min

{
bLdirk,t ykt [1− h(Lman,Dk,t /Ldir,Dk,t − Lmank,t /L

dir
k,t )1Q]c,

Nc∑
c=1

IDc,t

}
(1.9)

where h is the sensitivity of the actual productivity level to the difference between the actual ratio
of managers to direct workers and the required ratio and 1Q is an indicator function that takes
the value of one if the actual ratio is below the required ratio and zero otherwise. As the firm
never produces more than demanded by the consumption goods firms (for simplicity, there is no
strategic accumulation of inventories), the second part of the equation captures the maximum
production level, given by the demand for capital goods (

∑Nc

c=1 I
D
c,t).

1.4.1.5 Profits

The capital goods firm’s gross and net profits are given by equations 1.10 and 1.11
respectively:

Πg,$
k,t = Qk,tp

$
k,t − (wdir,$k,t Ldirk,t + wind,$k,t Lindk,t ) (1.10)

Πn,$
k,t = Πg,$

k,t + iD$
k,t−1 (1.11)

where Lindk,t is the number of indirect workers hired by the firm and D$
k,t−1 is the firm’s deposits in

the previous period.13 In each period, the firm distributes to its owners all its current net profits,
as follows:

Πdist,$
k,t = max(Πn,$

k,t , 0) (1.12)

1.4.2 Consumption goods firms

The model is composed of a set of N c consumption goods firms that produce a
homogeneous nonperishable good using labor and capital goods. The capital goods (machines)
are characterized by a direct labor productivity yc,∗m . When fully utilized, each machine produces
Qfc
m units of the consumption good. Demand expectations determine the desired production for

the current period, while the realized production may be limited by financial constraints and labor
availability. The expected production for the next period determines the desired investment level,
which may also be limited by financial constraints upon firms. The firms’ production of such
13For simplicity, we assume that, as a monopolist firm, the capital goods firms has an unlimited overdraft at the

bank. Thus, if it faces difficulties to hire all demanded workers and ends up having Πn,$
k,t < 0, the firm may have

negative deposits in that period (on which it will pay an interest rate i). In the following periods, its profits will be
used to repay this amount (reducing the profits dividends accordingly).
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homogeneous good is sold in the consumption goods market, where firms can nonetheless act as
price makers in an imperfectly competitive manner due to imperfect and incomplete knowledge
on the part of consumers.

1.4.2.1 Expectations

Firms form their expectations based on their past experience in the consumption
goods market, in line with empirical evidence on adaptive expectation formation. For instance,
Gennaioli et al. (2016) find that expectations tend to have an extrapolative nature, suggesting that
they do not appear to be formed rationally. Similarly, Boneva et al. (2020) show that expectations
on new orders are mostly correlated with past orders.14 More precisely, expectations for current
demand are a function of the weighted average of demand in the last four periods:

QD,e,t
c,t =

4∑
i=1

ωiQ
D
c,t−i (1.13)

where QD
c,t−i is the demand for the firms’ products in t− i and ω1 > ω2 > ω3 > ω4 > 0 are fixed

parameters (
∑4

i=1 ωi = 1).
Similarly, expectations for demand in the following period depend on past demand

levels and the expected demand for the current period (equation 1.14).15

QD,e,t+1
c,t = ω1Q

D,e,t
c,t +

3∑
i=1

ωi+1Q
D
c,t−i (1.14)

1.4.2.2 Desired and expected production

Based on the expected sales and considering a fixed desired share of inventories
(nIN ), firms set their desired production level for the current period (equation 1.15), which
is limited by their production level at their full capacity utilization (Qfc

c,t), and the expected
production level for the next period (equation 1.16), as follows:

Qd
c,t = min[Qfc

c,t , (1 + nIN)QD,e,t
c,t −QIN

c,t−1] (1.15)

Qe,t+1
c,t = (1 + nIN)QD,e,t+1

c,t −max(Qd
c,t +QIN

c,t−1 −Q
D,e,t
c,t , 0) (1.16)

where QIN
t−1 is the previous period inventories level.16

14Also, the experiments presented in Dosi et al. (2020) show that, in a complex and evolving system, expectations
based on heuristics are more robust and accurate than those based on more sophisticated methods.

15As production and investment decisions occur before sales take place, firms’ expectations for t+ 1 consider their
expectations for t.

16Note that the consumption goods are nonperishable, so inventories are forever salable.
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1.4.2.3 Labor demand

The consumption goods firms also hire both types of workers. The demand for direct
workers is the ceiling of their desired production divided by the labor productivity, as follows:

LD,dirc,t =
⌈Qd

c,t

ȳc,∗c,t

⌉
(1.17)

where ȳc,∗c,t is the average direct labor productivity of the most productive machines required to
produce Qd

c,t (in each period, the most productive machines are used first).
Indirect workers are hired as managers to plan the firms’ activities and supervise

the direct workers’ activities, so they are demanded proportionally to firms’ size (proxied by
the demand for direct workers at full capacity output level) and to the current demand for direct
workers, with the value being rounded to the closest integer, as follows:17

LD,indc,t = bρ4L
D,dir
c,t + ρ5L

dir,fc
c,t e (1.18)

where ρ4,5 > 0 are parameters and Ldir,fcc,t is the demand for direct labor at the full capacity
production level.

The resources available for hiring workers may be limited by the difference between
the firms’ available resources (sum of deposits and new loan) minus the previous loans’ principal
and interest, which are paid back to the bank before the labor market opens. Therefore, the firms’
production budget is:

Γe,$c,t = min[D∗,$c,t + Λ$
c,t − Λ$

c,t−1(1 + i), LD,dirc,t wdir,$c,t + LD,indc,t wind,$c,t ] (1.19)

where Λ$
c,t is the firms’ outstanding amount of loan andD∗,$c,t is the firms’ deposits in the beginning

of the period. Firms hire as many workers as possible (given the labor supply constraints they
face in the labor market) until their labor demand is met or all resources available are used.18

1.4.2.4 Production level

Firms’ production is given by equation 1.20. Also in this case, there is an adjustment
factor to the productivity level if the actual ratio of managers to direct workers is below the
required ratio.

Qc,t = Ldirc,t ȳ
c
c,t[1− h(Lind,Dc,t /Ldir,Dc,t − Lindc,t /Ldirc,t )1Q] (1.20)

17Given the possibility of measuring the consumption goods firms’ size, for this sector we incorporate the idea that
managers perform office administration activities as well as directly supervise the direct workers’ production
activities. In this sense, managers’ income have an overhead characteristic and their income tends to fluctuate less
during the cycle than direct workers’ income (in aggregate terms), as noted by Kalecki (1971, ch. 6).

18Available resources are split between direct and indirect workers following the same proportion as the relative
labor demand for each type of worker.
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where ȳcc,t is the labor productivity of the most productive capital goods required to produce Qc,t.
The total production costs are given by equation 1.21:

Γ$
c,t = Ldirc,t w

dir,$
c,t + Lindc,t w

ind,$
c,t (1.21)

1.4.2.5 Pricing

The consumption goods firms follow the normal-cost pricing procedure, which
is a widely adopted pricing procedure (Lavoie, 2014, Lee, 1999b). Accordingly, instead of
considering realized costs, they take a conventional measure of costs and, thus, add a variable
mark-up rate over labor unit costs computed at the desired capacity utilization level. This
pricing procedure adds a microfoundation to firms’ pricing that is particularly important in the
presence of fixed costs, such as overhead labor costs, and that has been relatively unexplored in
agent-based models so far.19

Firms revise the mark-up rates taking into consideration the evolution of their market
share and their unit costs. The former effect, which is commonly adopted in the AB literature
(Dosi et al., 2010, Dweck et al., 2020, Oliveira et al., 2020), aims to capture the intuition that firms
react to changes in their market share by adjusting prices (either to become more competitive
when their market share falls or to benefit from increases in their market shares by increasing
their prices and profits). This is in line with the evidence provided by Correa et al. (2018) that
more competitive markets tend to be associated with more frequent price reviews and with the
evidence provided by Fabiani et al. (2006) that variable mark-ups tend to predominate.20 This
idea is expressed by the following equation, which defines the mark-up determined by firms’
competitiveness conditions (i.e., their relation vis-à-vis other firms):

µ∗c,t = µ∗c,t−1

(
1 + ν1

∆msc,t−1

msc,t−2

)
(1.22)

where msc,t−1 is the market share in the previous period and ν1 > 0 is a parameter.
In addition to competitiveness considerations in the mark-up setting procedure, firms

strategically set mark-ups considering the evolution of their unit labor costs, which summarizes
their relative position vis-à-vis workers. Indeed, while increasing prices is a relevant adjustment
strategy after a cost shock, Bertola et al. (2012) find that mark-up adjustments are also a relevant
strategy for most firms. This corroborates the evidence suggesting the lack of an immediate and
full pass-through of costs on to prices (Carlsson and Skans, 2012) and suggests a theoretically
and empirically plausible connection between the mark-up and the dynamics of unit costs.

19A key implication of the normal-cost pricing procedure in the presence of fixed costs is that net profit margins
become endogenous to the business cycle, as shown in the stylized facts in section 1.5.

20Note that in the case of our model a more competitive market is reflected in more frequent changes in firms’ market
shares, which leads to more frequent and larger revisions in firms’ mark-ups. Also in line with the empirical
literature (Fabiani et al., 2006), we assume that financial costs are not relevant to price adjustments.
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Such connection is incorporated in our model through an adaptive mark-up deviation

component (mc,t), which is adjusted as follows. In case there has been an increase in unit costs,
this means that nominal wages increased more than productivity, so firms tend to absorb some of
the increase in unit costs in order not to hamper their competitiveness. Conversely, a decrease
in unit costs results from productivity growth surpassing the wage inflation. In this case, firms
take advantage of the lower unit costs to become more competitive in the market (through lower
prices), but also to achieve and sustain higher mark-up rates. These relations are described by
equation 1.23 as follows:

mc,t = ν2mc,t−1 − ν3

[
∆Γu,$c,t (ud)

Γu,$c,t−1(ud)

]
(1.23)

where 1 > ν2 > 0 is the persistence in the mark-up deviation, 1 > ν3 > 0 is the sensitivity of the
mark-up deviation to changes in unit costs and Γu,$c,t (ud) is firms’ unit costs at desired capacity
utilization rate. This latter variable is given by:

Γu,$c,t (ud) =
wdir,$c,t + (ρ4 +

ρ5

ud
)wind,$c,t

ȳc,∗c,t
(1.24)

Prices are then set as follows:

p$
c,t = (1 + µ∗c,t +mc,t)Γ

u,$
c,t (ud) (1.25)

Accordingly, firms’ effective mark-up is given by µc,t = µ∗c,t +mc,t.21

1.4.2.6 Sales

As mentioned, consumers have imperfect and incomplete information about the
consumption goods prices, so the different price levels have a limited effect on the demand for
each firm’s goods. In other words, consumers will not instantaneously switch to the more com-
petitive firms (Dosi et al., 2010). Accordingly, real aggregate demand is split between the firms
according to their market share (msc,t).22 As extensively assumed in the literature, firms’ market
shares evolve following a “quasi” replicator dynamics and depend on their competitiveness (Ec,t),
which is given by the average between the normalized price level (pnc,t) and normalized unfilled
demand level (lnc,t) (Dosi et al., 2010, Dweck et al., 2020, Silverberg et al., 1988). Formally,
firms’ competitiveness is given by equation 1.26 and their market share is given by equation
1.27, as follows:

Ec,t =
(1− pnc,t) + (1− lnc,t)

2
(1.26)

21If firms’ capacity production is zero and they have positive inventories, these are sold at the previous period price
level. Otherwise, inventories are sold at the current price level.

22Naturally, firms’ real sales can be lower than that determined by their market shares in case the sum of inventories
and current period production is lower than demand.
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msc,t = msc,t−1

(
1 + ν4

Ec,t − Ēt
Ēt

)
(1.27)

where ν4 > 0 is a parameter capturing the market share sensitivity to competitiveness and Ēt is
the average competitiveness of consumption goods firms weighted by firms’ market shares in
t− 1.

1.4.2.7 Investment

The consumption goods firms invest in order to achieve the desired level of produc-
tion capacity, as well as to replace machines that have become technologically obsolete or that
are scrapped for being older than T k periods, which is the machines’ lifetime.23 Investment can
occur every period t, but there is a lag between investment demand and the effective change in
the firms’ production capacity: since the machines are delivered by the end of period t, they can
only be used in period t+ 1.

Capacity adjustment investment

The capacity adjustment investment depends on demand expectations, in line with the
empirical evidence showing that firms’ investment is a function of their expectations on earnings
growth (Gennaioli et al., 2016) or product demand (Sharpe and Suarez, 2014). Borrowing
costs are not explicitly considered as there is evidence that investment plans are overall quite
insensitive to potential changes in borrowing costs (Sharpe and Suarez, 2014) or that the user
cost elasticity of capital formation, despite being negative, is very low, which implies a modest
effect of interest rates on investment (Chirinko et al., 1999). Nevertheless, financial issues can be
a constraint upon firms’ investment level in case they are credit-constrained (see section 1.4.2.8).

Formally, capacity adjustment investment depends on the desired production capacity
for the next period, which is set so that the desired capacity utilization (ud) is reached if firms
produce the expected production level in t+ 1, as follows:

Qfc,d
c,t =

Qe,t+1
c,t

ud
(1.28)

The capacity adjustment investment is the difference between the desired production
capacity for t+ 1 and the productive capacity in this period if no investment is undertaken (that
is, if old machines are scrapped). This difference provides the desired change in the production
capacity measured in units of consumption goods, so it is divided by the units of consumption

23Note that the machines’ lifetime parameter implies an average depreciation rate of the capital stock of 1/T k per
period. Thus, the parameter T k is calibrated to reproduce empirical evidence on the depreciation rate (Nadir and
Prucha, 1996).
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goods produced by each machine when fully utilized (Qfc

m ) to obtain the desired change in the
number of machines, as follows:24

Ifcc,t = max[d(Qfc,d
c,t −Q

fc,t+1
c,t )/Qfc

m c, 0] (1.29)

Replacement investment

Consumption goods firms also replace existing machines with new machines fol-
lowing a payback rule, similarly to Dweck et al. (2020) and Dosi et al. (2010). As described in
equation 1.30, the payback period if a machine is replaced by a new one is given by the price of
the new machine divided by the difference between the machines’ production cost and the new
machine’s production cost (both evaluated at the desired capacity utilization level), as follows:

bm,t =
p$
k,t

Γ$(ycm,t, u
d)− Γ$(yc,?t , ud)

(1.30)

where ycm,t is the machines’ direct labor productivity. The total replacement investment (Irc,t) is
given by the sum of the machines whose payback period is positive but lower or equal to the
fixed threshold b.25

Total investment demand

Total investment demand is given by the sum of the capacity adjustment investment
and the replacement investment. The total amount of investment demanded by the firms may be
limited by their available resources, which are determined by the amount of deposits available
in the beginning of the period (D∗,$c,t ) and the new loan obtained (Λ$

c,t) minus the previous
loan repayment costs (Λ$

c,t−1(1 + i)) and the expected production costs (Γe,$c,t ). These financial
considerations are expressed in the total investment demand equation below:

IDc,t = min

[
Ifcc,t + Irc,t,

⌊D∗,$c,t + Λ$
c,t − Λ$

c,t−1(1 + i)− Γe,$c,t

p$
k,t

⌋]
(1.31)

The realized investment (Ic,t) is determined in the capital goods market, as the number
of capital goods for sale in the period is determined by the capital goods firm’s production and
can be lower than the total investment demand by the consumption goods firms. Whenever the
capital goods firm’s production is lower than the number of capital goods ordered, due to the
impossibility of hiring enough workers, the capital goods firm distributes its production to the

24We assume that entrant firms’ desired investment is higher or equal to one in case they do not yet have a capital
stock.

25In case firms wish to reduce their productive capacity (Qfc,d
c,t < Qfc

t ), replacement investment is reduced by the
number of machines proportional to the desired reduction in the productive capacity, so machines in excess will
depreciate in the following periods. If that is the case but there is still a positive level of replacement investment,
the firm first replaces the least productive machines.



44
consumption goods firms in proportion to each firm’s demand with respect to total investment
demand (Ic,t = b(IDc,t/

∑Nc

c=1 I
D
c,t)Qk,tc).26

1.4.2.8 Loans

Whenever their internal resources are insufficient to cover their expenses in the
beginning of the period (before production and sales take place), firms asks for a loan from the
bank. The total amount of expected expenses in each period is given by the repayment of the
outstanding debt with the bank (Λ$

c,t−1(1 + i)), production costs (Γe,$c,t ), and desired investment
costs (pk,t(I

fc
c,t + Irc,t)). Therefore, the total amount of the new loan demanded by firms is given

by:

ΛD,$
c,t = max[Λ$

c,t−1(1 + i) + Γe,$c,t + pk,t(I
fc
c,t + Irc,t)−D

∗,$
c,t , 0] (1.32)

We adopt a simple rule for the credit market in the model: the bank grants all the
requested loan as long as the ratio of firms’ interest payment to their average revenue in the
previous four periods (adjusted to the current price level) is below a maximum ratio, which
is determined by the exogenous parameter R. Otherwise, it grants the maximum between the
amount required to reach R or the amount required to cover firms’ outstanding debt.27

Λ$
c,t =



ΛD,$
c,t if ΛD,$

c,t ≥ 0 and
iΛD,$

c,t

Q̄s,$
c,t

≤ R;

max

[
Q̄s,$
c,tR

i
, Λ$

c,t−1(1 + i)−D∗c,t

]
, if ΛD,$

c,t ≥ 0 and
iΛD,$

c,t

Q̄s,$
c,t

> R;

0 otherwise.

(1.33)

where Q̄s,$
c,t = p$

c,t

∑4
i=1Q

s
c,t−i/4 is the firms’ average revenue (considering the current price

level).

1.4.2.9 Profits

Firms’ gross and net profits are given by equations 1.34 and 1.35 respectively:

Πg,$
c,t = Qs

c,tp
$
c,t − (wdir,$c,t Ldirc,t + wind,$c,t Lindc,t ) + ∆QIN

c,t Γu,$c,t (1.34)

26Note that Ic,t is rounded down, so the remaining Qk,t −
∑Nc

c=1 Ic,t capital goods, if any, are randomly distributed
to the firms with unfilled investment demand, with priority being given to entrant firms acquiring their first
machines.

27The latter condition simply means that firms pay back the entire sum of interest and principle even if the R ratio is
reached. In other words, firms always have the possibility of rolling over their previous loans and loan defaults are
a possibility only when firms exit the market.
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Πn,$
c,t = Πg,$

c,t +QIN
c,t−1∆Γu,$c,t + i(D$

c,t−1 − Λ$
c,t−1) (1.35)

where Qs
c,t is the real sales, Γu,$c,t is the unit production cost, i is the fixed interest rate, D$

c,t−1

is the firms’ deposits in the previous period, and Λ$
c,t−1 is the firms’ total loans in the previous

period.28 At the end of each period, firms distribute net profits to their owners.29

1.4.2.10 Exit and entry

Consumption goods firms exit the market whenever their market share is below a
threshold given by the msmin parameter, their production capacity is zero or they are completely
financially constrained (having no deposits at the bank and having been denied new credit from
the bank). We assume that there is no secondary market for capital goods or inventories, so
they are scrapped when firms exit the market. In case firms have a positive net financial wealth
(deposits minus liabilities), their outstanding loans are completely repaid and the remaining
deposits, if any, are transferred to their owners. Otherwise, the bank absorbs firms’ unpaid loans
and there is a reduction in its net worth.

There is a one-to-one replacement of exited firms by new firms. The new firms’
owners are selected among those whose firm exited the market in the period. They receive the
deposits that their owners received when their previous firms exited the market (if any). The new
firms enter the market by the end of the current period (t), invest in t+ 1 (investment demand
given by a proportion δ of the average capital stock of the established firms), and start producing
in t+ 2, when their market share is equal to their full capacity production relative to the sector’s
total capacity production. After their first production period and for T c periods thereafter, the
firms receive all requested loan to finance their investment and production and are not subject to
any exit criterion.

1.4.3 Bank

The banking sector is composed by a monopolist bank, which grants credit to firms,
holds remunerated deposits and buys bonds from the government. For simplicity, the bank sets
the interest rate for deposits and loans equal to the interest rate set by the central bank (i). As it
is assumed that the bank is not owned by any household and that its activity involves no costs
(it does not hire any workers), in case of positive (negative) profits, these are incorporated to

28Inventories are evaluated at the current unit cost of production, in accordance with accounting rules, and the FIFO
(first in, first out) criterion is adopted. This means that the change in the value of inventories is composed of the
change in its volume (evaluated at the current unit cost of production) and of the change in the unit production
cost (known as inventory appreciation). As only the former is related to a production flow, profits in national
accounts consider gross profits as given by equation 1.34. See Godley and Lavoie (2012, ch. 8) for more details.

29The amount of profit dividends may be limited by the amount of resources available at this stage (that is, bank
deposits minus resources necessary for loan repayment in the beginning of the next period, which are kept as
deposits at the bank from one period to the other).
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(deduced from) its net worth.30 Following the post-Keynesian approach of endogenous money
and credit rationing (Lavoie, 2014, Wolfson, 1996), we assume that credit is demand-led at a
given interest rate conditional to a creditworthiness condition being fulfilled, as discussed in
section 1.4.2.8. In fact, the bank denies credit to clients that do not classify as creditworthy
- as mentioned, this evaluation depends on firms’ interest payments to average revenue ratio
in comparison to the R parameter. Therefore, the amount of credit available to each firm is
demand-led as long as this condition is fulfilled.

1.4.4 Households

We follow Mohun’s (2016) sociological class division and split households into
three heterogeneous classes: direct workers, indirect workers (researchers and managers), and
capitalists. Each household is composed of a single agent and the direct and indirect workers are
employed in specific tiers of the firms. Capitalist households own the capital and consumption
goods firms. For simplicity, there is no social mobility across classes and no population growth.

1.4.4.1 Workers’ desired and reservation wages

Workers have both a desired wage and a reservation wage, which are affected by
their individual experience in the labor market and by the macroeconomic context. Workers’
desired wage depends on their previous positive wage adjusted by the accumulated inflation
rate since their last employment period (if positive), as expressed by the inflation-adjusted wage
(wd,∗,$h,t ) in equation 1.36. In case workers have been employed in the previous period and the
economy experienced a positive growth rate, the adjusted wage is increased by a proportion of
the previous period growth rate,31 as shown in equation 1.37:

wd,∗,$h,t = max

[
w$
h,t−1−Twh,t

(
1 + γ1

cpit−1 − cpit−2−Twh,t

cpit−2−Twh,t
1w

)
, w$

h,t−1−Twh,t

]
(1.36)

wd,$h,t =

w
d,∗,$
h,t (1 + γ2gt−1) if Twh,t = 0 and gt−1 > 0,

wd,∗,$h,t otherwise.
(1.37)

where w$
h,t−1−Twh,t

is the last strictly positive wage received by the worker, cpit is the consumer
price index, Twh,t is the number of periods the worker has been unemployed since her last
employment (if employed in t − 1, Twh,t = 0), 1w is an indicator function that takes one if the

30For simplicity, we do not input a real value for the financial sector’s services when computing real output. In order
to guarantee consistency, we do not consider the bank’s profits when calculating nominal output and the wage
share. As the interest rate on bonds, loans, and deposits is the same, the bank’s profits are almost negligible. This
is also the reason why it is assumed that the bank has no owners.

31More specifically, workers consider the growth rate of private aggregate demand, since they are bargaining wages
with the consumption and capital goods firms.
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inflation rate is positive and zero otherwise, gt−1 is the previous period private aggregate demand
growth rate, and 1 ≥ γ1,2 ≥ 0 are parameters that capture the sensitivity to the inflation and
growth rates respectively. Note that workers’ desired wage will always be at least equal to the
minimum wage set by the government.

Workers’ reservation wage, which establishes the minimum wage they accept when
looking for a job, depends on their individual experience in the labor market and decreases with
the number of periods they have been unemployed, as specified in equation 1.38. The intuition
is that workers become more likely to accept a lower wage if they have been unemployed for a
longer interval, in line with the idea that unemployment experiences tend to lead to a lower wage
(Blanchflower, 1991). There is also a minimum difference between the desired and reservation
wages regardless of workers’ employment status, so workers always accept a wage that is slightly
below their desired wage.

wr,$h,t = wd,$h,t (1− γ3T
w
h,t − γ4) (1.38)

where 1 ≥ γ3,4 ≥ 0 are fixed parameters capturing the sensitivity of workers’ reservation
wage to the number of unemployment periods and the minimum difference between the desired
and reservation wages respectively. Once again, the reservation wage is never lower than the
minimum wage.

1.4.4.2 Households’ consumption

Our approach to households’ consumption follows Duesenberry’s (1949) relative
income theory, which stresses that consumption patterns are based on relative consumption
comparisons (a “keeping up with the Joneses” effect) and on habits, so that there is some inertia
in consumption vis-à-vis income reductions. The former idea, which provides a sociological
basis for the consumption behavior in line with the sociological foundation for our social classes,
is formalized in the model by class-specific propensities to consume out of disposable income,
as lower income groups tend to consume a larger fraction of their income in an effort to come
closer to consumption patterns of higher income groups.32 Another way of thinking about this
relation is that the rich tend to save more because the accumulation of wealth offers them some
sort of utility, as an end to itself and as a source of power and status (Carroll, 2000). Empirical
support to this hypothesis is offered by Dynan et al. (2004), who find that current income and
saving rates are positively related. The latter idea is captured in the model by a partial downward
rigidity in households’ real consumption level.33 Formally, nominal consumption demand is
determined as follows:
32This is also related to the interplay between household debt, inequality and consumption (Cynamon and Fazzari,

2008, Kim et al., 2014, 2015). As we assume that households have no access to the credit market, this relation
is beyond the scope of this chapter. For agent-based models that deal with the relation between inequality and
household debt, see Cardaci and Saraceno (2018) and Carvalho and Di Guilmi (2020).

33Caiani et al. (2019b) adopt a similar specification for consumption, in which there are class-specific propensities
to consume and downward rigidity in households consumption.
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CD,$
h,t = max

{
c1

CD,$
h,t−1

p̄C,$t−1

p̄C,e,$t , cj2[(w$
h,t + Πh,$

h,t−1)(1− τ) + d$
h,t)]

}
(1.39)

where 1 > c1 > 0 is the real consumption persistence, p̄C,e,$t is the weighted average price in t
(considering firms’ market shares in t− 1),34 p̄C,$t−1 is the weighted average price in the previous
period, 1 > cj2 > 0 is the propensity to consume out of income for each class j = dir, ind, cap,
w$
h,t is the wage earned by the household, Πh,$

h,t−1 is the profit dividends from the previous period,
d$
h,t is the tax-exempted unemployment benefit received by unemployed workers and τ is the tax

rate on income. As households do not have access to the credit market, CD,$
h,t may be limited by

their available financial resources (deposits).

1.4.5 Public sector

The public sector is composed of a government and a central bank. The government
collects taxes on households’ income at a tax rate τ . It pays unemployment benefits to unem-
ployed workers at a value equal to the minimum wage (wmin,$t ), which is adjusted by the average
wage inflation rate in the previous period. This adjustment rule represents a neutral minimum
wage policy that does not target a specific redistributive outcome.

The public sector also hires a fixed number of direct and indirect workers as public
servants (Ldirg and Lindg ), who are paid the average wage paid for their class in the consumption
goods sector.35 For simplicity, it is assumed that these workers are not subject to any turnover.36

The government maintains a current account at the central bank and the latter holds
government bonds in its balance sheet. Therefore, in each period, when the government spends,
it issues new government bonds that are acquired by the central bank (unless the government’s
deposits at the central bank are enough to cover the total expenditure). The central bank then
transfers the required amount of reserves to the bank, which credits the firms’ or households’
current accounts accordingly. When taxes are paid, the opposite occurs: the bank transfers
reserves to the central bank and the government’s account at the central bank is credited. At the
end of the period, in line with the reflux principle emphasized in the post-Keynesian literature
(Lavoie, 2014, ch. 4), if the government runs a deficit, the bank ends up with reserves that don’t
earn any interest and thus acquires government bonds from the central bank.

34This is an expected value because it considers firms’ market share in t− 1, while the realized average price level
is based on their effective share of sales in the current period.

35 In the national accounts, these expenditures are considered governmental services which are consumed by itself.
In order to be consistent with our assumptions regarding the private sector, government expenditure in real terms
is calculated assuming that the productivity of direct workers in the public sector grows in line with the average
productivity in the private sector.

36In other words, the government never lays off its employees and the public servants never quit their job. This
simplifying assumption is adopted in order to reduce the influence of the government’s demand for labor in the
labor market.
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1.4.6 Labor market

We assume that the indirect and direct workers belong to the primary sector of the
labor market, insofar as they are either managers or factory workers whose employment is
long-term and full-time (Bewley, 2007).37 Accordingly, firms follow an internal pay structure
that determines the entry wage of newly hired employees.38 There are numerous reasons for this
behavior, namely concerns with fairness and negative impact on effort or on the workforce’s
morale, in addition to restrictions from labor market regulations and collective agreements
(Bewley, 2007, Galuscak et al., 2012). In our model, this internal pay structure is modeled in
a simple manner, so there are only two categories of jobs (managers or researchers and direct
workers), which represent segmented labor markets, and workers within a category at a given
firm receive the same wage regardless of their work experience, time on job, or skills. This also
means that even if firms may know whether the worker was unemployed in previous periods,
they do not discriminate against unemployed workers in a strategic way by offering them a
lower wage. This wage structure is periodically revised by the firms taking in consideration
some information from the labor market. In this sense, the wage level results from an interaction
between firms and workers and can be affected by workers’ bargaining power, even if there is no
explicit negotiation with the employees or a union.

Following the evidence on downward nominal wage rigidity, we assume that firms
do not cut nominal wages (Bewley, 2007, Dickens et al., 2007).39 There are also numerous
explanations for this behavior, going from employees’ morale and effort concerns, fear of losing
the most productive workers, to institutional restrictions (Caju et al., 2015). While some authors
also find evidence of real wage rigidity in selected countries (Bewley, 2007, Dickens et al., 2007),
this can result from the wage bargaining process between workers or unions and firms (Dickens
et al., 2007) and thus is not explicitly considered in our model.

Finally, workers are fired if firms’ demand for workers is lower than the current
number of employees (i.e., there is no labor hoarding) or to meet the employees turnover target
(given by the ϑ parameter).40 Workers, on the other hand, look for new opportunities in the labor

37However important, our model does not intend to explore the effect of labor market reforms that have facilitated
flexibility and created the so-called dual labor market, wherein primary sector workers are relatively more insulated
from labor market fluctuations than secondary sector workers (Caju et al., 2015). In this sense, we aim to capture
a more collective dimension of workers’ bargaining power, rather than individual dimensions that nonetheless
may have macro implications. For a complementary discussion on labor market flexibility in an agent-based
framework, see Dosi et al. (2017, 2018).

38Bewley (2007) shows that new employees’ pay is tied to the internal structures in the primary sector in the case of
the U.S. Similarly, Galuscak et al. (2012) show that more than 70% of firms in 15 European countries declare that
internal pay structures are more important to the determination of entry wages than external factors. The authors
also show that more than 80% of firms that were asked whether they pay a higher (lower) wage to newly hired
employees depending on shortage (abundance) of workers in the labor market denied doing so.

39This also means that negative inflation rates are not considered when workers adjust their desired wages or in the
minimum wage adjustment.

40The firm may also have to fire additional workers in case it does not have the financial resources to hire them in
the current period. Workers to be fired are randomly selected among current employees.



50
market if they have been fired or if their current employer offered them a wage lower than their
reservation wage.

1.4.6.1 Wage setting

The wage setting process is organized into the following steps. Firstly, firms decide
their desired wage (wj,d,$f,t , where j = dir, ind), which, for simplicity, is equal to the wage level
from the previous period (wj,$f,t−1). Then, in line with the idea that firms can use labor market
surveys of pay rates for positions that are common to many firms when adjusting their wage
levels (Bewley, 2007), they consult a random set of workers in the private sector in order to
assess their average desired wage level (wj,s,$f,t ). For simplicity, we assume that this survey is
costless. The number of workers surveyed is a proportion ns,j of firms’ demand for workers from
class j = dir, ind.41 The fact that each firm surveys a different sample reflects their limited and
localized knowledge, so the survey can be interpreted as a metaphor for this limited knowledge
in firms’ assessment of the labor market conditions. Finally, the wage offered (wj,$f,t) is a weighted
average between firms’ desired wage (wj,d,$f,t ) and the surveyed wage (wj,s,$f,t ). We assume that
firms take into consideration the employment rate from the previous period (ηt−1) when setting
the weight given to the wage survey, as a higher employment rate increases workers’ bargaining
power. These relations are described by equation 1.40 below:

wj,$f,t = (1− φηt−1)wj,d,$f,t + φηt−1w
j,s,$
f,t (1.40)

where 1 ≥ φ ≥ 0 is a fixed parameter capturing the sensitivity of workers’ bargaining power to
the employment rate. Thus, workers’ bargaining power is given by φηt−1, which captures how
close the average nominal wage is to the average wage desired by workers.42

1.4.6.2 Hiring process

Once the number of open job posts for each type of worker is defined, the firms
interact with workers in the labor market. This interaction is modeled as a random process in

41 While the demand for workers by the consumption goods firms is already known at this point, it is not yet
determined for the capital goods firms, whose production level depends on the investment demand. Thus, the latter
uses the average production level in the four previous periods to have an approximate number of workers that will
be demanded in the period. Note also that the proportion of workers surveyed is different for indirect and direct
workers. The same proportion for both could lead to a very small number of indirect workers being surveyed.
By randomly selecting employed and unemployed workers, firms will, on average, survey a set of workers that
reflects the participation of unemployed and employed workers in the economy. Therefore, if the unemployment
rate is low (high), more (less) employed workers are surveyed. The unemployment rate is also key to the wage
setting process through equation 1.40.

42Fagiolo et al. (2004) adopt a similar equation, but in their model firms’ bargaining power is exogenous. Our model
captures two important determinants of workers’ bargaining power dynamics: institutions that support workers’
bargaining power (captured by the φ parameter) and changes in the employment rate. This allows for a richer and
more encompassing analysis of income distribution dynamics, as the same wage share can result from different
combinations of φ and ηt and, consequently, can be related to markedly different macroeconomic contexts, as
discussed more broadly and with respect to the experience of the US economy in recent times by Setterfield (2021).
The inclusion of productivity growth adds a third determinant to the story, as shown in our results in section 1.6.
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order to mimic the complex and diverse nature of the job offer and search processes in reality,
similarly in spirit to the process put forward by Riccetti et al. (2015). In our model, a random list
of firms is formed with the capital goods firm always being in the first position. The first firm
tries to match with an indirect and a direct worker by randomly selecting a worker of each type.
Workers accept an offer if the offered wage is above their reservation wage; otherwise, the hiring
round will have been unsuccessful. After this, the second firm starts its hiring round and so on
until all firms in the list have executed one hiring round for each type of worker. The process
iterates until all firms have filled all open positions or reached the maximum number of hiring
rounds for each type of worker, given by a multiple nw of the number of open positions.

1.4.7 Sequence of events

In each simulation period, the sequence of events is the following:

1. Interest on deposits and on government bonds are paid;

2. Consumption goods firms set desired production levels;

3. Nominal wages are set;

4. Capital goods firm sets the price and technology used and embodied in new machines;

5. Credit market opens;

6. Consumption goods firms set investment demand;

7. Labor market opens;

8. Production and R&D activities take place;

9. Unemployment benefits and wages are paid;

10. Consumption goods market opens;

11. Taxes are paid;

12. Bank acquires government bonds from the central bank;

13. New machines are delivered and old machines are scrapped;

14. National accounts and statistics are computed;

15. Exit and entry of consumption goods firms take place.
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1.5 Model validation

The model is simulated for 500 periods (200 transient periods and 300 considered
periods).43 This section reports the main average results for the 100 Monte Carlo simulations
for the baseline scenario, whose parameters and initial values are reported in Appendix B.
We initially analyze the model’s ability to reproduce important stylized facts identified in the
empirical literature, with special attention being given to stylized facts related to the income
distribution dynamics. Before proceeding further, it should be noted that while we did rely on
parameters reported in empirical studies as much as possible, we did not estimate the model based
on actual data. Accordingly, our calibration procedure is mainly intended to obtain plausible
results in the baseline scenario that do not deviate from qualitative and stylized properties that
are observed in the actual data. This analytical approach provides a sound basis to interpreting
our experiment results as reflecting plausible theoretical relationships and causal mechanisms.

1.5.1 Micro and macro

We start the empirical validation of the qualitative properties of the model by ex-
ploring its macroeconomic characteristics. Figure 1.2 indicates that the main macroeconomic
variables (output, consumption, and investment) show a sustained growth pattern with fluctua-
tions. In addition, investment is more volatile than output and consumption is less volatile than
output (Carlin and Soskice, 2014).44
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Figure 1.2: Output, consumption, and investment
Note: Bpf: bandpass-filtered (6,32,12). Average of 100 Monte Carlo runs. All series are taken in logarithm. Source:

author’s own elaboration based on simulation results.

Figure 1.3 shows the cross-correlations between the cyclical components of output
and selected macroeconomic series obtained through the bandpass filter. The sign of the
correlation at time t indicates whether the variable is countercyclical (if negative) or procyclical

43Unless mentioned otherwise, all figures, tables, and statistics refer to the time span from period 201 to 500.
44The standard deviation of consumption relative to output is equal to 0.803, while the standard deviation of

investment relative to output is equal to 8.471.
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(if positive), while the position of the peak indicates whether the variable is lagged, coincident
or leading output. As reported by Carlin and Soskice (2014) and Stock and Watson (1999), we
observe that consumption is procyclical and coincident with output and investment is procyclical,
but leading output.45 Also in line with the empirical evidence, we observe that the change in
inventories is procyclical, average labor productivity is procyclical, and capacity utilization is
procyclical. We find that the unemployment rate is countercyclical, reflecting the positive effect
of higher output levels on employment (despite of the increase in productivity). In addition, we
find that the cyclical component of the inflation rate is procyclical.
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Figure 1.3: Cross-correlations structure for output
Note: Bpf: bandpass-filtered (6,32,12). Output, consumption, investment, change in inventories, and average

productivity series are taken in logarithm. Bars are standard deviations of 100 Monte Carlo average
cross-correlations. Source: author’s own elaboration based on simulation results.

The baseline specification also reproduces the fat-tailed distribution of output growth
rates (Fagiolo et al., 2008). In exponential-power (Subbotin) distributions, the smaller the shape
parameter, the fatter are the tails of the density. These distributions include the Gaussian and
the Laplace distributions as special cases (when the shape parameters are equal to two and one
respectively). When the shape parameter is smaller than that of the Gaussian distribution, events
at the extreme of the distribution (very high growth rates or very low growth rates) are more
frequent than it would be expected in case of normally distribution shocks. In our baseline
specification, the average shape parameter of the exponential-power distribution of aggregate
output growth rates considering the 100 Monte Carlo runs is equal to 1.668 (standard deviation
equal to 0.237), in line with the evidence favoring fat-tailed distribution of output growth rates.46

45Stock and Watson (1999) show that total fixed investment tends to be coincident with output, while investment
in equipment lags the cycle. In our model, a leading investment probably results from the effect of replacement
investment and to productivity growth being the main driver of output growth.

46Nevertheless, there is weaker statistical support for rejecting the hypothesis that the distribution fits a normal
distribution, as the p-value of the Jarque-Bera test is equal to 0.211 (test statistics is 18.265).
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The model also reproduces microeconomic characteristics, reflecting the heterogene-

ity of the consumption goods firms that emerges during the simulations.47 The Zipf plot in figure
1.4a suggests that firms are very heterogeneous with respect to their sizes (measured by their
real sales) and that the log-normal fits the data well except for the upper tail (Stanley et al.,
1995). The deviation from log normality is confirmed by the Jarque-Bera normality test, which
presents a p-value of 0 (test statistics is 2685.02). There is also evidence that the distribution of
firms growth rates (measured by sales growth) presents tails fatter than a Gaussian distribution
(Bottazzi and Secchi, 2003), since the fitted exponential-power distribution presents a shape
parameter equal to 1.364 (standard deviation equal to 0.062).
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Figure 1.4: Stylized microeconomic facts (consumption goods sector)
Note: Average of 100 Monte Carlo runs. Period for figure 1.4a: 500. Source: author’s own elaboration based on

simulation results.

We find that there is a persistent productivity differential across firms (Barth et al.,
2016, Dosi, 2007, Dunne et al., 2004), as reflected in the standard deviation reported in figure
1.4b. There is also evidence of strong autocorrelation in firms’ productivity levels, as the average
autocorrelation of productivity is 0.981 for the first lag (standard deviation equal to 0.004) and
0.97 for the second lag (standard deviation equal to 0.006). This indicates that differences in
productivity tend to be persistent, as suggested by Dosi (2007). Finally, as reported in figure 1.4c,
we observe that investment is lumpy (Doms and Dunne, 1998), with some firms experiencing
investment spikes simultaneously to other firms presenting very low or no investment at all.

1.5.2 Wages and income distribution

In addition to reproducing key macro and micro stylized facts, the model reproduces
important stylized facts concerning the income distribution dynamics captured by three key
variables: the wage share, Gini coefficient, and the real wage.48 This is particularly important
for our main purpose, as it indicates that the proposed model structure offers a sound basis for

47Note that the same initial conditions are used for all firms in the consumption goods sector. See Appendix B for
more details.

48The wage share refers to the share of the nominal wage bill over nominal output. The Gini coefficient reflects the
comparison of the cumulative proportions of income relative to the cumulative proportions of the population. It
ranges between 0 (perfect equality) and 1 (perfect inequality). The real wage is the average nominal wage over the
average price of consumption goods.
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the study of income distribution. The study of this broad range of stylized facts specifically
related to income distribution is a further contribution of this chapter to the AB macroeconomic
modelling literature, as these stylized facts have been relatively less explored so far.

As reported in table 1.1, the wage share is countercyclical and the real wage is
procyclical.49 The countercyclicality of the wage share indicates that labor productivity is more
responsive to the cycle than the real wage (Giovannoni, 2010), so costs do not increase at the
same rate as output in the expansion of the cycle. There are many reasons for this, such as labor
hoarding and overhead labor. Indeed, Kalecki (1971, ch. 6) pointed out that the share of salaries
in output varies countercyclically while the share of hourly wages is relatively stable during
the cycle, thus rendering a countercyclical wage share (considering salaries and hourly wages).
This is the case because in the expansion phase of the business cycle, firms do not need to hire
a proportionally higher number of managers. Consequently, their share of income in output
falls and productivity, measured by total output divided by total number of workers employed
(including managers), increases.50

There is also a positive relation between unemployment and the gross income Gini
coefficient,51 as shown in Figure 1.5a. Consequently, at the peak of the business cycle, when the
wage share falls, the lower unemployment rate counterbalances the inequality-inducing effect
of this lower wage share (Figure 1.5b). This negative relation between the wage share and the
income Gini coefficient is due to relative (more income to lower classes) and composition (more
income directed to a class whose income is more equally distributed than capital income) effects
of a higher wage share (Daudey and García-Peñalosa, 2007, Wolff and Zacharias, 2013).

Table 1.1: Contemporaneous correlation with output (Bpf)

Correlation Standard deviation p-value

Wage share (Bpf) -0.478 0.108 0.000
Real wages (Bpf) 0.640 0.070 0.000

Note: Bpf: bandpass-filtered (6,32,12). Average of 100 Monte Carlo runs. Output and real wage series taken in
logarithm. Source: author’s own elaboration based on simulation results.

49For a discussion on the cyclical behavior of the real wage, see Basu and House (2016), Bils (1985), and Solon
et al. (1994). For empirical evidence on the countercyclicality of the wage share, see Giovannoni (2010) and
Schneider (2011).

50For a theoretical discussion on productivity and functional income distribution during the business cycle see
Lavoie (2014, 2017). See also Cauvel (2022) and Rolim (2019) for empirical evidence.

51Due to the understanding that inequality before taxes and transfers reflects the income distribution determined
by market forces, part of the literature adopts the term "market inequality". Nevertheless, we prefer to use the
term "gross inequality", since government policies also shape such market forces (Stiglitz, 2012). An example
of this is labor market institutions, such as minimum wages, or educational spending by the government (IMF,
2014). In addition, taxes and transfers may alter the gross inequality through their effects on economic activity
and employment, as shown by Gerber et al. (2020) for progressive taxation, for instance.
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Figure 1.5: Scatter plots
Note: Average of 100 Monte Carlo runs. Periods: 451 to 500. The number of periods has been adjusted to allow a

better visualization. Source: author’s own elaboration based on simulation results.

Figure 1.6a shows that the model also reproduces empirical observations concerning
different inequality measures. We find that income inequality is larger than consumption
inequality (Maestri and Roventini, 2012, Fisher et al., 2013, Heathcote et al., 2010) and wealth
inequality is larger than income inequality (Brzozowski et al., 2010).52 The literature suggests
that consumption inequality tends to be lower than income inequality due to the smoothing role of
borrowing and saving (Heathcote et al., 2010). Although households are credit-constrained in our
model, they may use their savings to maintain a share of their previous real consumption when
they face a reduction in their real income. An additional explanation for this empirical regularity
goes beyond the idea that savings are used to smooth consumption and suggests that higher
income levels are associated with higher propensities to save in the long run (Carroll, 2000, Dynan
et al., 2004). This feature is also considered in our model (see equation 1.39). The higher wealth
inequality is a mirror of the lower consumption inequality: if consumption inequality is smaller
than income inequality, those groups earning more income are not consuming proportionally
more, so they are saving more (accumulating more wealth). This highlights the strong relation
between two of the main components of wealth inequality, that is, the differential in saving rates
and the personal income inequality, and suggests that the factors driving income inequality may
also be driving wealth inequality (Tippet et al., 2021). This latter aspect will be explored in our
experiments presented below.

In addition, the pattern of within-class inequality reported in Figure 1.6b is markedly
different across income groups and reproduces the main aspects identified by Wolff and Zacharias
(2013), who find that the intra-class income Gini coefficient is higher for capitalists than for
employees and that the intra-class income Gini coefficient for classes with a lower mean income
tends to be lower than for classes with higher mean income.53 As indirect workers’ average
income is equal to 2.104 of direct workers’ average income and capitalists’ average income is

52In the model, wealth inequality refers to the distribution of deposits held by the households as this is the only asset
held by households whose value is measured.

53This applies to the comparison between the Gini coefficients for the two groups with lowest mean income
(blue-collar, skilled workers and non-skilled workers) relative to the other six categories identified by Wolff and
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equal to 7.517 of direct workers’ average income (considering the average for the 100 Monte
Carlo runs over the 300 effective periods), this last feature is also observed in our model. Indeed,
capitalists’ incomes are tightly linked to the consumption and capital goods markets, so the
evolution of firms’ market shares, costs, and prices entails changes in their owners’ incomes. On
the other hand, indirect and direct workers’ incomes are determined by wages, unemployment
benefits (which are equal to the minimum wage for both classes), and interest rates on deposits (if
any). As direct workers’ wages are lower than indirect workers’ wages, the difference between
employed and unemployed households in the former group is smaller than in the latter group, as
reflected in the comparison between the Gini coefficients.
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Figure 1.6: Gini coefficients
Note: Average of 100 Monte Carlo runs. Source: author’s own elaboration based on simulation results.

1.6 Class conflict: productivity, mark-up rates and wages

The literature on the recent income inequality dynamics indicates the importance
of productivity growth and the lowering of workers’ bargaining power. This interplay is key in
our model and leads to an endogenous determination of the income distribution. Productivity
growth allows firms to increase their mark-up rates as they face lower unit labor costs and thus
represents an increase in their relative power vis-à-vis workers. Counteracting those forces,
workers’ bargaining power affects the evolution of nominal wages. The functional income
distribution and real wages are the final result from the interaction between firms’ strength
(expressed primarily in prices) and workers’ strength (expressed primarily in nominal wages)
and, through our class structure, entail implications for the personal income distribution.

It is important to note a key implication of the class conflict framework in the model:
while workers can affect the dynamics of nominal wages in the bargaining process with firms,
this is only the first stage of the conflict since changes in the wage share will only occur if
firms react to changes in their unit labor costs by adjusting their mark-up rates. Thus, as long
as mark-ups do not fully absorb nominal wage increases, the wage share and the real wage

Zacharias (2013). The only exception identified in the article regards the comparison between the supervisors and
the non-skilled workers.
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determined in this second stage will disappoint workers. This reflects an intrinsic asymmetry of
the class conflict: firms strength will be manifested both in the labor market when they negotiate
with workers and in their pricing decisions.

In order to further explore these relations, we build three sets of experiments that
provide some insights into how each of these aspects operate individually and jointly. In the first
experiment, in section 1.6.1, we evaluate the effect of different levels of the sensitivity of workers’
strength in the bargaining process to changes in the employment rate (φ), which is expected to
lead to different levels of workers’ bargaining power (measured by the φ parameter multiplied by
the employment rate, as described in equation 1.40). Then, in the second experiment, described
in section 1.6.2, we analyze how the economy behaves when the capital good firm’s access
to innovation changes (the ζ parameter in equation 1.1, which we refer to as the innovation
easiness parameter), as this is expected to change the productivity growth rate and, consequently,
firms’ strength in the distributive conflict. Finally, in section 1.6.3 we analyze the interaction
effects between productivity and workers’ bargaining power by changing the φ and ζ parameters
simultaneously.54 In all cases, we compare the different scenarios with the baseline scenario
presented in the previous section, which represents a scenario with high innovative easiness
(ζ = 0.18) and high sensitivity of workers’ strength in the wage bargaining to the employment
rate (φ = 0.9).

1.6.1 Alternative workers’ bargaining power scenarios

In this section, we are particularly interested in understanding how workers’ bar-
gaining power affects the income distribution and key macroeconomic variables. In the model,
workers’ bargaining power is related to the φ parameter in equation 1.40, which is assumed
to capture the institutional framework supporting workers. A higher φ parameter means that
decreases in the unemployment rate have a stronger effect on workers’ strength in the bargaining
process, forcing firms to consider relatively more the labor market conditions when setting the
offered wage level. In order to capture the effect of the φ parameter, we compare four scenarios
in which this parameter is progressively reduced from φ = 0.9 in experiment 1 (our baseline
scenario) to φ = 0.6 in experiment 4. The analysis presented in this section is based on the time
series generated by the simulations and on the statistical tests presented in table 1.2. In both
cases, we consider the average of 100 Monte Carlo runs for each scenario.

As reported in figure 1.7, higher levels of workers’ bargaining power sensitivity to
the employment rate lead to higher workers’ bargaining power and are effective to achieve and
sustain a lower average mark-up rate in the consumption goods sector, which is associated with
a higher wage share.55 This results mainly from the interplay between productivity, mark-ups
and wages being more favorable to firms when workers’ bargaining power is low, meaning that
they take advantage of productivity growth to increase their income shares. The opposite occurs
54The interaction effects are further explored in the sensitivity analysis in section 1.7.
55Recall that the mark-up rate in the capital goods sector is fixed.
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when workers’ bargaining power is high, as the interplay between productivity, mark-ups and
wages becomes more favorable to workers and firms adopt a more protective attitude, using
productivity increases to prevent nominal wage increases from passing on to prices entirely, as
this can be harmful for their competitiveness. Nevertheless, nominal wage increases still force
mark-ups downward and this results in a higher wage share, which translates into a lower ratio
between average profit dividends and average wages. As explored below, it is interesting to note
that the effect of the φ parameter on the wage share is non-linear (the effect of increasing φ by a
fixed value increases with φ).
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Figure 1.7: Comparison of experiments: wage bargaining and functional income distribution
(alternative values of φ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate. Series represent average of 100 Monte Carlo runs for each scenario. Source: author’s own elaboration based

on simulation results.

The different scenarios also lead to different levels of personal income inequality
measured by the income Gini coefficient, Palma ratio,56 and income share of the top percentile in
the income distribution, as well as different levels of inequality in the personal wealth distribution
(measured by the Gini coefficient), as reported in figure 1.8. There is a clear relation between
higher levels of workers’ bargaining power and lower income inequality. Interestingly the
differences in income inequality are better captured by the income Gini coefficient and Palma

56The Palma ratio divides the share of income of the top 10% of the income distribution by that of the bottom 40%.
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ratio, with the share of income received by the top percentile changing less across experiments.57

This is because not all capitalists are part of the top percentile and the scenarios with higher
levels of workers’ bargaining power sensitivity to the employment rate are associated with a
more concentrated income in the capitalist class (see table 1.2). Therefore, even if the capitalist
class as a whole is earning a smaller share of total income, the increase in income inequality
between capitalists leads to a smaller change in the share of the top percentile. This means that
the higher workers’ bargaining power also affects the intra-capitalist class conflict and benefits
the richest capitalists (at least in comparison with their competitors).58 Finally, the higher levels
of workers’ bargaining power are related with lower levels of wealth inequality, in line with
the evidence by Tippet et al. (2021). The main mechanism driving this result is the dynamics
of savings in a context of lower propensities to consume for high-income households: if their
share of income reduces, they save less in each period (reducing the increase in deposits through
current income) and they also face a reduction in interest payments from previously accumulated
deposits.

57This exemplifies the importance of using a multitude of measures to evaluate changes in the income distribution.
58There is also a small difference in the Gini coefficient for wages across the experiments (table 1.2), which tends

to decrease when workers’ bargaining power decreases (lower φ). This is because in the scenarios with high
workers’ bargaining power, the increase in output stimulates investment demand, which has a positive effect on
the number of researchers hired by the capital goods firms. Since these researchers are indirect workers, there
are more indirect workers employed and demanding real wage increases than in the scenarios with a lower φ
parameter, which leads to a higher ratio between indirect workers’ and direct workers’ wages. Nevertheless, the
difference between the wage Gini coefficients is very small and insufficient to compensate the reduction in income
inequality due to the increase in the wage share.
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Figure 1.8: Comparison of experiments: personal income and wealth inequality (alternative
values of φ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate. Series represent average of 100 Monte Carlo runs for each scenario. Source: author’s own elaboration based

on simulation results.

The macroeconomic implications of the different levels of workers’ bargaining power
are reported in figure 1.9. In general, a higher φ parameter is associated with a higher output
level, with the difference being clearer for the comparison between experiment 1 and the other
experiments.59 A similar situation occurs with respect to the average productivity level, whose
dynamics is key for that of output. Overall, this indicates that the more egalitarian income
distribution associated with a higher workers’ bargaining power does not compromise the output
and productivity dynamics and, in some situations, can actually stimulate it. With respect to the
inflation dynamics, the results indicate that higher workers’ strength is associated with higher
inflation rates, resulting from firms’ effort to protect their income shares by passing on nominal
cost increases to prices.60 Finally, there is a lower unemployment rate when the φ parameter
increases.61 As the unemployment rate results from the interaction between productivity and
output levels, this pattern indicates the predominant effect of output growth on employment. Note
59Table 1.2 shows that the output growth rate in experiment 1 is higher than in the other experiments and that this

difference is statistically significant at the 10% significance level.
60Nevertheless, inflation rates are very modest and some scenarios experience negative average inflation rates due to

part of the productivity gains being passed on to prices.
61Note that the unemployment rate is given by the number of employed workers divided by the number of workers

(Ldir + Lind), so it is assumed that capitalists are not part of the labor force.
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that the lower average unemployment rate following a higher φ parameter explains the non-linear
effect of φ highlighted before, characterizing a self-reinforcing mechanism and cumulative
causation triggered by the model: by affecting the employment rate, the φ parameter reinforces
its direct effect on workers’ bargaining power, in addition to increasing the share of workers
who increase their desired real wage due to being employed (equation 1.37). Also, the negative
relation between unemployment rates and inflation rates observed in figure 1.9 reproduces a
dynamics consistent with the conflicting-claims inflation approach to which our model is closely
related to. In this approach, inflation is understood as a cost-push phenomenon that conciliates
(in an ex-post manner) the conflicting income claims from different groups and, consequently,
is mediated by institutions that affect workers’ and firms’ relative strengths (Rowthorn, 1977,
Summa and Braga, 2019).62
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Figure 1.9: Comparison of experiments: macroeconomic series (alternative values of φ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate. Series represent average of 100 Monte Carlo runs for each scenario. Source: author’s own elaboration based

on simulation results.

62See Santoro (2020, ch. 2) for an agent-based model also inspired by the conflicting-claims inflation model.
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Table 1.2: Average values: alternative workers’ bargaining power regimes (φ)

Exp. 1 Exp. 2 p-val Exp. 3 p-val Exp. 4 p-val

Weight of surveyed wage in bargaining 0.7860 0.6895 0.0000 0.6003 0.0000 0.5112 0.0000
Average mark-up (C sector) 0.7009 0.7498 0.0000 0.7816 0.0000 0.8082 0.0000
Wage share 0.6558 0.6410 0.0000 0.6323 0.0000 0.6247 0.0000
Profit dividends to average wages 4.9003 5.2392 0.0000 5.4140 0.0000 5.5970 0.0000
Palma index 1.6601 1.7842 0.0000 1.8449 0.0000 1.9157 0.0000
Income share top percentile 0.1020 0.1054 0.0000 0.1075 0.0000 0.1084 0.0000
Gross Gini coefficient 0.4276 0.4464 0.0000 0.4543 0.0000 0.4638 0.0000
Net Gini coefficient 0.3836 0.3980 0.0000 0.4042 0.0000 0.4115 0.0000
Wealth Gini coefficient 0.7345 0.7553 0.0000 0.7628 0.0000 0.7698 0.0000
Gini income capitalists coefficient 0.4210 0.4066 0.0000 0.4007 0.0000 0.3892 0.0000
Gini wages coefficient 0.1731 0.1717 0.0006 0.1682 0.0000 0.1660 0.0000
Gini consumption coefficient 0.2997 0.3099 0.0000 0.3138 0.0000 0.3183 0.0000
Output growth rate 0.0100 0.0097 0.0729 0.0097 0.1061 0.0096 0.0106
Output per capita (final period) 600.1547 554.3781 0.1987 548.6623 0.1286 513.7002 0.0043
Productivity growth rate 0.0099 0.0097 0.0833 0.0097 0.1217 0.0096 0.0167
Inflation rate 0.0006 -0.0015 0.0000 -0.0028 0.0000 -0.0040 0.0000
Unemployment rate 0.1097 0.1214 0.0000 0.1262 0.0000 0.1323 0.0000

Note: Average of 100 Monte Carlo runs. P-values refer to comparison with baseline scenario. Source: author’s own
elaboration based on simulation results.

1.6.2 Alternative innovation dynamic scenarios

In this section, we investigate how the model behaves if the sensitivity of workers’
bargaining power to the employment rate is constant, but the capital goods firm’s innovation ca-
pabilities changes (ζ parameter in equation 1.1, referred to as innovation easiness). In the model,
higher productivity growth in the capital goods sector is passed on to the consumption goods
sector through more productive machines. The consumption goods firms can take advantage of
those productivity gains by increasing their mark-up rates (equation 1.23) and, consequently,
affecting the wage share and personal income distribution. As previously discussed, this is
another dimension of the conflict over income distribution, as real wages may fail to accompany
the productivity growth. We explore the effect of the ζ parameter by progressively reducing it
from ζ = 0.18 in the baseline scenario (experiment 1) to ζ = 0.06 in experiment 7. As in the
previous section, our analysis is based on the time series generated by the simulations and on the
statistical tests presented in table 1.3 (considering the average of 100 Monte Carlo runs for each
scenario).

Figure 1.10 reports the main series for the wage bargaining process and the functional
income distribution for the scenarios characterized by different values for the ζ parameter. Despite
of a constant value for the sensitivity of workers’ bargaining power to the employment rate (φ
parameter), the different values of the innovation easiness parameter are associated with different
values of workers’ power (expressed by the φ parameter multiplied by the employment rate).
This indicates that more innovative economies can experience higher levels of unemployment (as
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reported below), which triggers the previously mentioned endogenous mechanism in a different
manner: productivity growth directly reduces unit labor costs if nominal wages are constant,
but by increasing unemployment rates it also reduces workers’ bargaining power in the wage
setting process and increases the number of workers that do not increase their desired real wage
for being unemployed, thus affecting the average nominal wage dynamics. The combination of
these factors leads to a higher mark-up rate in the consumption goods sector, which translates
into a lower wage share and higher profit dividends to average wages ratio when ζ is higher.
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Figure 1.10: Comparison of experiments: wage bargaining and functional income distribution
(alternative values of ζ)
Note: Higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs for

each scenario. Source: author’s own elaboration based on simulation results.

Following the same dynamics as in the previous set of experiments, the lower wage
share associated with a higher ζ parameter has clear implications for the personal income
distribution, leading to a higher Palma ratio and income and wealth Gini coefficients (figure 1.11).
In this case, the scenarios barely differ with respect to the income share of the top percentile,
especially by the end of the simulation period.
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(d) Wealth Gini coefficient

Figure 1.11: Comparison of experiments: personal income and wealth inequality (alternative
values of ζ)
Note: Higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs for
each scenario. Source: author’s own elaboration based on simulation results.

The implications of higher values of ζ parameter on macroeconomic variables are
explored in figure 1.12. As the key growth driver in the model is productivity growth, it is no
surprise that the patterns of growth and productivity differ clearly in this case, with higher output
and productivity levels being observed when the ζ parameter is higher.63 As already mentioned,
these divergent paths of productivity also imply differences in the unemployment rate, which
tends to be higher when productivity is higher. This reveals the possibility of technological
unemployment, which was not observed in the previous experiment, when higher productivity
was associated with higher levels of workers’ bargaining power. Indeed, in the current experiment
the negative effect on employment from the higher productivity dominates the positive effect
associated with the higher output level, except in the comparison between two of our scenarios:
the higher output level in experiment 1 than in experiment 5 seems to be sufficient to counteract
the negative effect of its higher productivity on the employment rate and the unemployment rates
are not significantly different (table 1.3). Finally, the inflation dynamics is also different across
the experiments, reflecting the interaction between the different unemployment and productivity
growth rates. As the former tends to reduce nominal wage growth and the latter has a negative

63As shown in the sensitivity analysis in section 1.7, the parameters related to the innovation dynamics are among
the most important parameters for the output growth dynamics.
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effect on prices (as long as firms do not fully incorporate productivity gains in their mark-up
rates), higher values of the ζ parameter are associated with a lower inflation rate. This result
suggests that productivity growth contributes to alleviating the inflationary pressures generated
by the social conflict over the income distribution.
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Figure 1.12: Comparison of experiments: macroeconomic series (alternative values of ζ)
Note: Higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs for

each scenario. Source: author’s own elaboration based on simulation results.

In sum, the alternative innovation dynamics scenarios suggest that productivity
growth can indeed benefit firms as it offers them the possibility of taking advantage of the
lower unit labor costs by increasing their mark-up rates. This is an endogenous and bottom-
up mechanism that has macro implications for inequality. As productivity growth is strongly
associated with output growth, we observe that a higher wage share and lower inequality in
the personal income distribution are associated with a lower output level and growth rate. This
results from the treatment of the wage share and workers’ bargaining power as endogenous
variables in our model, which also respond to the dynamics of productivity growth rates.
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Table 1.3: Average values: alternative innovation regimes (ζ)

Exp. 1 Exp. 5 p-val Exp. 6 p-val Exp. 7 p-val

Weight of surveyed wage in bargaining 0.7860 0.7878 0.1851 0.7894 0.0135 0.7941 0.0000
Average mark-up (C sector) 0.7009 0.6897 0.0025 0.6710 0.0000 0.6245 0.0000
Wage share 0.6558 0.6592 0.0048 0.6649 0.0000 0.6799 0.0000
Profit dividends to average wages 4.9003 4.8417 0.0592 4.7423 0.0000 4.5098 0.0000
Palma index 1.6601 1.6366 0.0414 1.6009 0.0000 1.5152 0.0000
Income share top percentile 0.1020 0.1017 0.6471 0.1007 0.0112 0.0985 0.0000
Gross Gini coefficient 0.4276 0.4238 0.0577 0.4183 0.0000 0.4048 0.0000
Net Gini coefficient 0.3836 0.3806 0.0387 0.3760 0.0000 0.3645 0.0000
Wealth Gini coefficient 0.7345 0.7289 0.0615 0.7203 0.0000 0.7030 0.0000
Gini income capitalists coefficient 0.4210 0.4230 0.3702 0.4254 0.0484 0.4289 0.0028
Gini wages coefficient 0.1731 0.1721 0.0338 0.1715 0.0007 0.1693 0.0000
Gini consumption coefficient 0.2997 0.2970 0.0112 0.2932 0.0000 0.2833 0.0000
Output growth rate 0.0100 0.0092 0.0000 0.0081 0.0000 0.0059 0.0000
Output per capita (final period) 600.1547 411.4328 0.0000 229.4678 0.0000 80.3815 0.0000
Productivity growth rate 0.0099 0.0092 0.0000 0.0081 0.0000 0.0059 0.0000
Inflation rate 0.0006 0.0012 0.0007 0.0021 0.0000 0.0043 0.0000
Unemployment rate 0.1097 0.1078 0.1705 0.1051 0.0013 0.0997 0.0000

Note: Average of 100 Monte Carlo runs. P-values refer to comparison with baseline scenario. Source: author’s own
elaboration based on simulation results.

1.6.3 Interaction effects

The previous sections showed the effect of changing the φ parameter or the ζ
parameter individually. However, the interaction between productivity growth and workers’
bargaining power is key to understanding the dynamics of income distribution in many economies
and provides further insights into the relation between income distribution and economic activity.
Thus, in this section we further explore the model properties by combining different values
of φ (0.9 and 0.6) with different values of ζ (0.18 and 0.06). The experiments settings define
two intermediate cases which affect firms and workers in different directions (experiment 1,
where φ = 0.9 and ζ = 0.18, and experiment 8, where φ = 0.6 and ζ = 0.06), an economic
structure favorable to firms (experiment 4, where φ = 0.6 and ζ = 0.18), and favorable to
workers (experiment 7, where φ = 0.9 and ζ = 0.06).64 Also in this case our analysis is based
on the time series generated by the simulations and on the statistical tests presented in table 1.4
(considering the average of 100 Monte Carlo runs for each scenario).

We observe that workers’ bargaining power varies with the values of the φ and ζ
parameters, thus altering the functional income distribution (figure 1.13). The scenarios that
present the lowest mark-up rates and, consequently, highest wage shares and lowest profit
dividends to average wage ratios are the ones with the largest φ parameter, regardless of the value
of the ζ parameter. This indicates that, at least for the parameter values adopted here, the effect

64Most of these experiments were presented in the previous sections when only one parameter was allowed to
change. Their inclusion here allows us to better understand the interaction effects in the model.
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of workers’ bargaining power on the income distribution has a stronger effect on the income
distribution than the productivity dynamics. Nevertheless, productivity dynamics is also key
for the results: despite of a small difference in workers’ bargaining power associated with the
different values of ζ when φ is kept constant, there is a significant difference between the wage
share in each scenario. This reveals the dual effect exerted by productivity growth in the model:
it reduces the employment rate and thus reduces workers’ bargaining power and the proportion
of workers demanding real wage adjustments, but it also allows firms to directly increase their
mark-up rates. In terms of our mark-up deviation equation (equation 1.23), this means that
unit labor costs grow less because nominal wages are growing less and because productivity is
growing more, with both factors benefiting firms.

The most favorable scenario to firms (experiment 4) is the scenario with the highest
mark-up rate and lowest wage share. Indeed, in this case firms benefit from lower cost pressures,
as nominal wage adjustments are lower, and can take advantage of the high productivity growth
to increase their mark-ups. The opposite occurs in the scenario that is the most favorable to
workers (experiment 7), as nominal wage adjustments will follow more closely the desired values
by workers and productivity growth will be lower, reducing firms’ opportunities to increase
their mark-ups. As expected, the intermediate cases present intermediate values for the wage
share and mark-ups. In the scenario with low workers’ bargaining power and low innovation
easiness (experiment 8), nominal wage adjustments exert a weaker downward pressure on mark-
ups, but firms also have lower leeway to increase their mark-ups due to the lower productivity
growth. Conversely, in the scenario with high workers’ bargaining power and high innovation
easiness (our baseline specification, experiment 1), nominal wage adjustments present a stronger
downward pressure on mark-ups, but the higher productivity growth strengthens firms and they
can (at least partially) sustain their mark-up rates.
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Figure 1.13: Comparison of experiments: wage bargaining and functional income distribution
(alternative values of φ and ζ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate and higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs

for each scenario. Source: author’s own elaboration based on simulation results.

As reported in figure 1.14, the different patterns in the functional income distribution
lead to important differences in the personal income and wealth distribution, as observed in the
previous cases. Indeed, we find that a higher wage share is always associated with a more equal
distribution of income and wealth, so the most favorable scenario to workers (experiment 7)
presents the lowest inequality indicators and the most favorable scenario to firms (experiment 2)
leads to the highest inequality indicators among the different scenarios.
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(d) Wealth Gini coefficient

Figure 1.14: Comparison of experiments: personal income and wealth inequality (alternative
values of φ and ζ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate and higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs
for each scenario. Source: author’s own elaboration based on simulation results.

The macroeconomic implications of the different combinations of the φ and ζ

parameters offer new insights into the relation between income inequality and macroeconomic
variables (figure 1.15). As expected, the comparison between the different scenarios confirms
the main properties identified in the previous sections: when the φ parameter is kept constant
and the ζ parameter increases (and income distribution worsens), higher output and productivity
levels are observed. Conversely, when the ζ parameter is kept constant and the φ parameter
decreases (and income distribution worsens), there is a reduction in the output and productivity
levels. This indicates that a higher wage share and lower personal income inequality can present
different relations with output and productivity depending on the type of economic stimulus
(changes in φ or ζ). More importantly, our results also suggest that regardless of the level of
the ζ parameter, economic activity can be further stimulated and more equality can be achieved
if workers’ bargaining power is strengthened (higher φ parameter). Interestingly, the relation
between the different combinations of the φ and ζ parameters with the unemployment rate
is not the same as that observed with the output level, as it is mediated by the dynamics of
the productivity rate. Indeed, when we compare the unemployment rate for each level of the
φ parameter, we observe a lower unemployment rate when ζ decreases, despite of the lower
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output level, due to the technological unemployment effect mentioned in section 1.6.2. Yet,
when ζ is kept fixed, a higher φ parameter is always associated with lower unemployment rate
and higher output and productivity rates. Therefore, also the unemployment rate will present
different relations with the output level depending on the type of economic stimulus, suggesting
that whether a higher output level translates into lower unemployment or not crucially depends
on productivity gains being shared with workers.65 This also means that the most favorable
scenario to workers (experiment 7) is not only characterized by lower inequality, but also lower
unemployment rates, which is an important variable for assessing workers’ situation. Finally, we
also observe that higher unemployment rates are associated with lower inflation rates. While
this suggests that there is an “inflationary cost” in order to keep the unemployment rate at low
levels, an alternative interpretation is also possible: in order to keep inflation at low levels (either
through lower workers’ bargaining power or productivity growth), there is an “unemployment
and inequality cost” (which is not necessarily associated with an “output cost”).
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(d) Unemployment rate

Figure 1.15: Comparison of experiments: macroeconomic series (alternative values of φ and ζ)
Note: Higher values of φ represent a higher sensitivity of workers’ bargaining power to changes in the employment
rate and higher values of ζ represent more innovation easiness. Series represent average of 100 Monte Carlo runs

for each scenario. Source: author’s own elaboration based on simulation results.

65Note that even when workers’ bargaining power is high (φ = 0.9), productivity gains are not entirely shared
with workers, since this depends on the parameters associated with the mark-up deviation (equation 1.23). If
productivity growth is higher, firms will still be able to maintain relatively high mark-up rates, even if partially
limited by the higher workers’ bargaining power. This explains why for each level of φ the unemployment rate is
higher in the scenarios with higher ζ (which are associated with more productivity growth).
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Table 1.4: Average values: alternative workers’ bargaining power regimes (φ) and innovation
regimes (ζ)

Exp. 1 Exp. 4 p-val Exp. 7 p-val Exp. 8 p-val

Weight of surveyed wage in bargaining 0.7860 0.5112 0.0000 0.7941 0.0000 0.5128 0.0000
Average mark-up (C sector) 0.7009 0.8082 0.0000 0.6245 0.0000 0.7547 0.0000
Wage share 0.6558 0.6247 0.0000 0.6799 0.0000 0.6391 0.0000
Profit dividends to average wages 4.9003 5.5970 0.0000 4.5098 0.0000 5.3833 0.0000
Palma index 1.6601 1.9157 0.0000 1.5152 0.0000 1.8481 0.0000
Income share top percentile 0.1020 0.1084 0.0000 0.0985 0.0000 0.1062 0.0000
Gross Gini coefficient 0.4276 0.4638 0.0000 0.4048 0.0000 0.4552 0.0000
Net Gini coefficient 0.3836 0.4115 0.0000 0.3645 0.0000 0.4041 0.0000
Wealth Gini coefficient 0.7345 0.7698 0.0000 0.7030 0.0000 0.7566 0.0000
Gini income capitalists coefficient 0.4210 0.3892 0.0000 0.4289 0.0028 0.3862 0.0000
Gini wages coefficient 0.1731 0.1660 0.0000 0.1693 0.0000 0.1651 0.0000
Gini consumption coefficient 0.2997 0.3183 0.0000 0.2833 0.0000 0.3101 0.0000
Output growth rate 0.0100 0.0096 0.0106 0.0059 0.0000 0.0058 0.0000
Output per capita (final period) 600.1547 513.7002 0.0043 80.3815 0.0000 72.2852 0.0000
Productivity growth rate 0.0099 0.0096 0.0167 0.0059 0.0000 0.0058 0.0000
Inflation rate 0.0006 -0.0040 0.0000 0.0043 0.0000 -0.0012 0.0000
Unemployment rate 0.1097 0.1323 0.0000 0.0997 0.0000 0.1284 0.0000

Note: Average of 100 Monte Carlo runs. P-values refer to comparison with baseline scenario. Source: author’s own
elaboration based on simulation results.

1.6.4 Summary of the main findings

The experiments presented in this section compared different scenarios characterized
by different degrees of the sensitivity of workers’ bargaining power to the employment rate and
values of innovation easiness in the capital goods sector. The results confirm the importance
of these aspects to how the class conflict over the income distribution unfolds, as the former
aspect tends to increase workers’ bargaining power and the latter aspect tends to increase
firms’ bargaining power. Additionally, our analysis provides important insights into the relation
between income distribution and economic activity, as we observe that the effect of a higher
wage share (and lower personal income inequality) can have a positive or negative relation
with output depending on the factors altering the income distribution. Indeed, if productivity
growth drives the output dynamics (a supply-side factor), it will be associated with a lower wage
share since productivity growth increases firms’ bargaining power. Yet, if it is the higher wage
share obtained through more institutional support to workers that drives the output dynamics
(a demand-side factor due to the different class-specific propensities to consume), there will be
a positive relation between the wage share and the output level. Thus, an important insight for
empirical studies investigating the relation between income distribution and economic activity
is offered by our experiments, as these studies may capture a negative correlation between the
wage share and output that is mostly due to the productivity dynamics and, consequently, has
limitations as a counterfactual (how the economy would behave in case workers’ bargaining
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power was enhanced by institutional changes) or as an explanation to the performance of an
economy during a specific period (e.g., what was the contribution of specific policies aiming to
increase the nominal wage).66

Interestingly, the relation between inequality and unemployment rates is always in
the same direction, with a higher wage share (and lower personal income inequality) being
associated with lower unemployment rates. While this reflects a bidirectional relation,67 it also
bespeaks an important feature of the scenarios characterized by more innovation easiness (higher
ζ parameter). In these cases a higher output level can be achieved, but this economic improvement
may be concentrated in the wealthier households, since the working class will collectively face a
reduction in the wage share and an increase in the number of workers unemployed. Therefore,
productivity growth may be insufficient to promote better living conditions for the society as a
whole.

While this raises the possibility of a policy dilemma between promoting productivity
growth and improving equality in the income distribution, a more optimistic interpretation of
our results is also possible. Indeed, when we analyze the interaction effects in the third set of
experiments we observe that the highest output level for each level of innovation easiness (ζ
parameter) is always associated with more institutional support for workers (higher φ parameter).
Thus, despite the highest wage share being achieved when innovation dynamics is weaker and
workers’ bargaining power is at its highest level (the best scenario for workers in section 1.6.3),
for each level of innovation easiness a higher output level, lower unemployment rate, and higher
wage share will be achieved if workers’ bargaining power increases. Therefore, strengthening
workers reinforces the positive stimulus of higher productivity levels on economic output and
attenuates its negative effect on the wage share and employment by forcing firms to share
productivity gains with workers.

1.7 Sensitivity analysis

In order to further explore our model’s behavior, we perform a global sensitivity
analysis exploring joint variations of key parameters. This type of analysis provides further
insights into the relation between the inputs (parameters) and outputs (variables) of the model,
indicating the influence of each input on the results and which inputs do not have a relevant effect.
It also provides further information concerning the interaction of the parameters and possible
non-linearities that are not captured when varying a specific parameter individually. With the
aim of further exploring the dynamics generated by the model with respect to the social conflict

66Given this endogeneity of the wage share, an alternative strategy for empirical studies would be to use the
components of the wage share. This is the case of Cauvel (2022), who replaces the wage share with the real wage
rate and labor productivity.

67Lower inequality can stimulate demand and reduce unemployment (as seen in section 1.6.1), but lower unem-
ployment reduces the share of workers receiving unemployment benefits and reduces inequality (as mentioned in
section 1.5).
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over the income distribution and its macroeconomic implications, the 11 parameters selected for
the sensitivity analysis are among the most important parameters for the dynamics of output and
productivity growth and workers’ bargaining power. In line with this aim, we explore how the
selected parameters affect the wage share, gross income Gini coefficient, and output growth rate.

The methodology for the sensitivity analysis follows the work by Salle and Yıldızoğlu
(2014).68 We employ the Nearly Orthogonal Latin Hypercube (NOLH) sampling (Cioppa and
Lucas, 2007) as a design of experiment (DoE) method. This method selects in a parsimonious
way a sample of the possible parameters combinations in the entire parameters domain. The data
collected from the 33 design of experiment samples and 10 external samples is used to construct
the Sobol decomposition and estimate a Kriging meta-model, which relate the parameters and
the variables of interest.

We firstly analyze the Sobol decomposition for all the parameters analyzed in
the sensitivity analysis (table 1.5). This analysis decomposes the variance of the selected
computational output (simulation result) in contributions from each input parameter (Sobol,
2001). As expected due to the key role of productivity growth on output growth, we find that
the main parameters affecting the output growth rate dynamics are those related to innovation
dynamics (x) and firms’ replacement investment (b), while the sensitivity of workers’ bargaining
power to the employment rate also appears among the three most important parameters (φ). In
line with our experiments, we also find that parameters related to the firms’ mark-up setting
rule (ν3) and the innovation dynamics (ζ and x) exert an important effect on the wage share.
While there is a small direct effect of the sensitivity of workers’ bargaining power (φ), the
interaction effect is considerably larger than those of the other parameters. As for the personal
income distribution, the gross income Gini coefficient is also significantly affected by the
innovation dynamics (x), the parameter related to the firms’ mark-up setting rule (ν3), and the
propensity to consume out of income for capitalists (ccap2 ). Overall, these relations are in line
with our conjecture that the coevolutionary interaction between workers’ bargaining power and
productivity growth determines the personal and functional income distribution.

68See also Saltelli et al. (2008). For examples of agent-based models using a similar methodology, see Dosi et al.
(2018), Pedrosa and Lang (2021), and Possas et al. (2020).
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Table 1.5: Sobol decomposition: direct effects and interactions

Output growth Wage share Gross Gini coef.
Param.
Range

Dir. Inter. Dir. Inter. Dir. Inter.

x Beta distribution support parameter
(innovation) (Sec. 1.4.1.1)

[0.05, 0.25] 0.417? 0.001 0.158? 0.003 0.179? 0.002

ζ search capability (K firm) (Eq. 1.1) [0.01, 0.3] 0.117 0.001 0.160? 0.002 0.125 0.002
b payback rule threshold (Eq. 1.4) [0.5, 3] 0.158? 0.001 0.029 0.002 0.007 0.001
h sensitivity of productivity to unfilled

labor demand for managers (Eq.
1.9)

[0, 1] 0.024 0.001 0.004 0.003 0.003 0.002

ν3 sensitivity of mark-up rate to unit
costs (C firms) (Eq. 1.23)

[0, 1] 0.004 0.001 0.345? 0.003 0.305? 0.002

φ sensitivity of surveyed wage weight
in bargaining to employment rate
(Eq. 1.40)

[0.1, 0.9] 0.132? 0.002 0.001 0.020 0.024 0.002

γ1 sensitivity of desired wage by work-
ers to inflation (Eq. 1.36)

[0, 1] 0.011 0.001 0.002 0.002 0.000 0.002

γ2 sensitivity of desired wage by work-
ers to growth rate (Eq. 1.37)

[0, 1] 0.066 0.001 0.100 0.002 0.019 0.001

cdir2 propensity to consume out of in-
come (direct workers) (Eq. 1.39)

[0.5, 1] 0.031 0.001 0.032 0.002 0.010 0.001

cind2 propensity to consume out of in-
come (indirect workers) (Eq. 1.39)

[0.5, 1] 0.033 0.001 0.051 0.002 0.028 0.002

ccap2 propensity to consume out of in-
come (capitalists) (Eq. 1.39)

[0.5, 1] 0.001 0.001 0.087 0.003 0.292? 0.002

Note: ? denotes the three most important inputs for each output. Results consider 100 Monte Carlo runs for each
scenario in DoE. Equation or section numbers in parentheses indicate where the parameters first appear in the text.

Source: author’s own elaboration based on simulation results.
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Figure 1.16: Global sensitivity analysis: response surfaces
Note: Average values for 100 Monte Carlo runs for each scenario in DoE. Dot identifies baseline specification and

squares identify the maximum and minimum values. Input parameters: innovation_change = x,
payback_period_threshold = b, sensitivity_mark_up_costs = ν3, innovation_easiness = ζ,

propensity_consume_income_capitalist = ccap2 . Source: author’s own elaboration based on simulation results.

Figure 1.16 shows the response surfaces modeled by the Kriging meta-model for the
two most important parameters identified by the Sobol decomposition for each model output
(which is always in the vertical axis). Figure 1.16a indicates that when higher productivity gains
from innovation are possible (x) or when firms are more likely to replace old machines by more
modern ones (b), output growth rates are higher. These parameters allow for more productivity
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growth, which is a key driver of output growth in the model. Figure 1.16b indicates a negative
effect of the ζ parameter on the wage share, which indicates that productivity growth can benefit
firms by allowing them to increase their mark-up rates. Indeed, firms face a lower growth rate
of unit labor costs due to the direct effect of productivity on costs and its indirect effect on the
nominal wage dynamics through the labor market. Also, an increase in the sensitivity of firms to
changes in unit labor cost (ν3) has a negative effect on the wage share. We expected that this
effect was approximately neutral, since this sensitivity can either benefit firms or workers. Its
negative effect probably reflects a tendency of productivity growth being more relevant than
nominal wage growth, which benefits firms relatively more. Finally, reflecting the relation
between the functional and the personal income distribution, figure 1.16c shows that the income
Gini coefficient tends to increase with the sensitivity of firms to changes in unit labor cost (ν3).
Conversely, the income Gini coefficient tends to decrease when the propensity to consume out of
capitalists income increases. This is likely to be the case because higher consumption increases
output and reduces the unemployment rate, which leads to a reduction in the personal income
inequality (as explored in section 1.5).

1.8 Conclusions

This chapter proposed a novel agent-based macroeconomic model inspired by the
post-Keynesian literature, in particular the neo-Kaleckian approach to income distribution. Its
aim was to study the effect of two important aspects related to the recent trends of increasing
income inequality, namely the changes in institutions that support workers’ bargaining power
and productivity growth. These factors have been associated with the decreasing wage share
and increasing wage-productivity gap, thus revealing that the dynamics of firms’ mark-ups over
costs was also a relevant factor in the process (De Loecker et al., 2020). Indeed, productivity
growth can be an opportunity for firms to increase their profit margins and thus represents a
potential increase in firms’ strength. Nevertheless, its effect is mediated by workers’ bargaining
power, which is a counteracting force to that of employers. Therefore, the income distribution
dynamics results from the social conflict over the income distribution, which is characterized by
the coevolutionary interplay between productivity, mark-up rates and nominal wages.

The model structure reproduces a number of stylized facts concerning the macro
and micro dynamics. It also reproduces important stylized facts concerning the functional and
personal income distribution and the wealth distribution that have been relatively less explored
in the agent-based modeling literature so far. In this sense, it offers a sound basis for the study of
the income distribution dynamics. The model was employed to assess the effects of technological
innovation and workers’ bargaining power. We observe that when workers’ strength in the
bargaining process increases, there is a reduction in inequality and an increase in the output level.
With respect to the innovation dynamics, we observe that scenarios with higher capital good
firm’s search capabilities are associated with an increase in inequality, higher output levels and
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higher unemployment rates. Thus, the coevolutionary interaction between productivity growth
and workers bargaining power indicates that the relation between the wage share or income
inequality and output will depend on the relative strength of the key parameters determining the
dynamics of these variables. If the source of economic stimulus is mainly associated with the
technological innovation dynamics, there may be negative consequences in terms of the income
distribution, as productivity growth is an opportunity for firms to increase their profit margins.
Yet, if there is an increase in workers’ bargaining power, firms will be forced to share productivity
gains with workers and the higher output level will be associated with the higher wage share
and lower personal income inequality. The results also show that the coupled dynamics of
unemployment rates and output levels crucially depends on firms sharing productivity gains with
consumers, so we always find a negative relation between the wage share and unemployment
rates.

In conclusion, by highlighting the possible negative effects of productivity growth
on the income distribution, our results suggest the possibility of a policy dilemma between
promoting productivity growth and improving income equality. This sheds revealing light on
the mechanisms explaining the recent trends in income inequality observed in many economies,
since changes in labor market institutions that reduced workers’ strength (e.g., changes in
union density, collective bargaining coverage, or minimum wage adjustments) in a context of
productivity growth allowed firms to increase their mark-up rates. Yet, we also find that this
trade-off is weakened if workers’ bargaining power is increased simultaneously to the higher
innovation dynamics. In this case, there will be a higher wage share, lower income inequality,
lower unemployment rate and even a higher output level than when only innovation is stimulated.
Thus, while this combination does not fully offset the consequences of productivity growth on
inequality, it does indicate a path for (at least partially) (re)conciliating different policy objectives
by combining policies and institutions that sustain workers’ strength with policies that stimulate
innovation and productivity growth.



78

Chapter 2

Income distribution, economic activity, and
inflation in an open economy agent-based
model

2.1 Introduction

Small open economies are frequently affected by external shocks of different types,
which influence greatly their economic dynamics. Trade shocks affecting exports and imports
are one category of such factors, and they are expected to have consequences not only for
output growth, but also for income distribution. Indeed, trade shocks affect domestic production
decisions and firms’ international competitiveness, while also having implications for the labor
market and thus altering the bargaining position of workers. The combination and interaction
between these (and other) changes means that international trade comes with sharp distributional
consequences (Rodrik, 2021). Moreover, foreign shocks such as increases in foreign price
levels (e.g. higher import and oil prices) may trigger an inflationary process in the domestic
economy. Thus, there is a relevant connection between domestic and foreign inflation rates
(Bobeica and Jarocinski, 2019, Borio and Filardo, 2007), which is likely to exert additional
distributive implications.

Empirically, the relation between trade and distribution is far from homogeneous
across countries. The empirical literature investigating the relation between international trade
(trade openness) or globalization often draws upon the predictions of the Stolper-Samuelson
theorem (Stolper and Samuelson, 1941), according to which high- and low-income countries
are expected to be affected differently by globalization since their initial factor endowments
are different. This empirical literature tends to find a positive relation between globalization
and inequality, but results differ depending on the how each variable is measured and the
group of countries included in the sample.1 While in case of developing countries the Stolper-
Samuelson theorem predicts that inequality would decrease, there is scarce evidence in favor
of such prediction (Cornia, 2014, Goldberg and Pavcnik, 2007). Nevertheless, these results
also seem to be very time specific. In the case of Latin American countries, for instance, the

1See, for instance, Dorn et al. (2017) and Milanovic (2005).



79
commodities boom in the 2000s was associated with more equality in the income distribution
(Sánchez-Ancochea, 2021), while the rest of the world was facing the opposite process. Such
contrast is interesting because it also concerns the comparison between Latin American countries
and other developing economies that benefited from the high commodity prices and high world
growth rates during the period (Cornia, 2014).

Arguably, the observed trends in income distribution always result from numerous
influences, with trade and globalization being additional factors affecting a complex process
involving (private and public) domestic agents. Nevertheless, at least at a theoretical level,
disentangling several of those factors and analyzing the effect of specific conditions contributes
to the understanding of how small open economies can be affected by external shocks, and
why there is a diversity of responses across countries. In this sense, this chapter analyzes the
dynamics of a small open economy subject to temporary external shocks of different types, signs,
magnitudes, and lengths in order to investigate the dynamics of output, income distribution, and
inflation during and after the shocks. Two types of shocks, which have not been explored so
far in the AB models literature, are investigated: a shock on the foreign output growth rate (a
demand shock) and a shock on the foreign inflation rate (a price shock). Although these shocks
commonly take place at the same time, analyzing them simultaneously makes it difficult to
identify which are the transmission mechanisms in place (FitzGerald, 1996). Thus, by analyzing
them separately we contribute to the understanding of the complex relation between foreign
shocks and the domestic economic dynamics and also provide insights into the dynamics of
specific periods in which one of these factors prevailed, such as in the recent spike in inflation
rates in numerous countries following the COVID-19 pandemic and the Ukraine-Russian war
(Storm, 2022). An additional dimension that we intend to capture, and which has been less
emphasized in the literature so far, is the feedback effect from income distribution to the output
dynamics in the domestic economy, since this can be one of the many mechanisms through
which foreign shocks affect the domestic output.

The analysis is undertaken in an open economy AB model, which revises and
extends the closed economy AB model presented in chapter 1. A key feature of that model is that
income distribution is determined by the bargaining process between domestic agents. In this
reformulated version, a foreign sector is included and it is assumed that it trades consumption
goods with domestic agents. Trade and international competition have direct and indirect
implications for the bargaining position of domestic agents, making the foreign sector another
actor in the social conflict over the income distribution (Blecker, 1989, Krugman and Taylor,
1978, Ribeiro et al., 2017). Thus, our model emphasizes a dimension that has been much less
emphasized by the more traditional literature, which tends to prioritize models in which wages are
set in spot markets (Rodrik, 1997, 2021). Moreover, our approach has the advantage of capturing
and emphasizing the connection between the functional and personal income distribution, thus
also capturing the distributive implications of changes in the price levels and in the inflation rate.
Finally, the model captures the role of the real exchange rate in driving the income distribution
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dynamics (Ribeiro et al., 2020, Rossi and Galbraith, 2016). Overall, we contribute to the AB
literature by investigating shocks that have important distributive consequences and have not
been explored so far.

We observe that the type of shock, sign, magnitude, and length are of primary
importance for understanding how income distribution is affected by foreign shocks that operate
through international trade. These characteristics are also key for understanding how the
dynamics of income distribution is related to that of output since shocks that stimulate export
growth have very different effects on output and distribution depending on these characteristics.
Our results also show that income distribution is an important mechanism through which foreign
shocks influence the domestic economy dynamics.

The remaining of this chapter is organized as follows. In section 2.2 the related
literature is discussed. In section 2.3 the model structure and the extension to the open economy
model are presented. In section 2.4 we summarize the key stylized facts reproduced by the
model, while 2.5 presents and discusses the simulation results for the experiments with foreign
shocks. In section 2.6 we further explore the effects of foreign shocks by analyzing different
transmission mechanisms. Concluding remarks follow in section 2.7.

2.2 Related literature

Arguably, most AB macroeconomic models represent closed economies, but there
are important exceptions which pursue different modelling strategies according to the research
questions proposed. In a way, there is a parallel between the different categories of open economy
AB models and those of more traditional open economy macroeconomic models, which model
multiple economies, two economies or regions (e.g. North-South models), or a single economy
in relation with the rest of the world.

A first group of models aims to analyze the relation between multiple (more than
two) countries. While this is a detailed approach, part of this literature focuses on the relation
between countries that are part of the same monetary union, and therefore does not consider the
role of the (level or changes in the) exchange rate. Examples of this approach are the studies by
Caiani et al. (2018, 2019a), in which a monetary union is modeled. In particular, the experiments
on alternative wage regimes (Caiani et al., 2019a) are interesting for our purposes since they
explore how increases in nominal wages affect demand and labor productivity (which affects the
economy’s external competitiveness). Also, the model by Petrović et al. (2017) is a multi-country
version of the EURACE model (Deissenberg et al., 2008) that incorporates a monetary union of
two countries and two independent countries. The model by Dosi et al. (2019) is one of the few
multiple-countries models that incorporates the exchange rate as an important variable affecting
the relation between the different economies and the global income dispersion.

A second group of open economy AB models consists on two-country or two-region
models. While this is a simplification relative to models from the first group, it has the advantage
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of facilitating the comparison between the countries and the understanding of how shocks on
one economy are transmitted to the other. As in the previous groups, many of the two-country
models focus on a monetary union or in the comparison between two regions. An example is
the EURACE model concerning the convergence between two regions in the European Union,
in which policies that can be implemented in the less developed region are analyzed (Dawid
et al., 2014). Also, Cardaci and Saraceno (2019) explore the role of inequality in driving the
current account deficit through its effect on the demand for credit in a country where emulation
effects are stronger. This dynamics leads to a debt-led growth model that stimulates an export-led
growth model (with current account surpluses) in the other country, thus leading to current
account imbalances in a currency union. While in their model inequality is determined in an
exogenous manner, their results provide interesting insights with respect to how inequality affects
macroeconomic variables in an open economy.

A third group of models adopts an important simplification relative to the previous
groups by treating the foreign sector as an aggregate sector and analyzing a small open economy.
In this case, instead of modeling feedback effects between two (or more) economies, priority is
given to the dynamics of the domestic economy and how it is affected by specific transmission
mechanisms that link it to the foreign sector treated simply as the rest of the world (for instance,
trade and financial relations). Given this emphasis, these models also consider the exchange
rate, which is either kept fixed or explicitly modeled as time-varying (usually in an endogenous
fashion). A representative of this group is the family of models known as “Micro-Macro
Multisectoral” (MMM) model (Busato and Possas, 2016, Dweck, 2006, Dweck et al., 2020,
Possas and Dweck, 2004).

Albeit also somehow drawing from models of the other groups in specific aspects,
our open economy AB model is closer in spirit to the last group of open economy AB models,
since we are primarily concerned with the effects of foreign shocks that affect a single artificial
small open economy. This is an adequate approach for studying economies that are not part of a
monetary union and that cannot be considered large open economies, wherein feedback effects
would be more relevant, and thus provides important general insights into the dynamics of a
large set of economies, in particular several developing ones. In addition, our model incorporates
numerous features of the conflicting-claims inflation model in the post-Keynesian literature
(Rowthorn, 1977), which emerge endogenously through the interaction between heterogeneous
firms and workers. In an open economy framework, this leads to a connection between the foreign
and domestic inflation rates and, consequently, a more realistic approach to the determinants
of inflation (Bobeica and Jarocinski, 2019, Borio and Filardo, 2007). In sum, this chapter
contributes to the existing literature by analyzing the effect of foreign shocks on important
domestic variables (output, inflation, and income distribution) and capturing their interactions
and feedback effects.



82

2.3 Model structure

The model is a reformulated version of the model set forth in chapter 1. The main
difference is its extension to an open economy framework, which involves the addition of a
foreign sector (identified by the subscript x) and its interactions with the domestic economy.2

The structure and the interactions between the agents are represented in figure 2.1. The model is
composed by six types of agents:
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Figure 2.1: Open economy model structure
Note: arrows point from paying sector to receiver sector. Source: author’s own elaboration.

• A monopolist capital goods firm, which produces machines and undertakes research and
development (R&D) activities. It distributes to its owners all its net profits.

• A set of N c consumption goods firms, which produce a homogeneous good using labor
and machines. They invest in capital goods and may ask for a loan to finance production or
investment. These firms sell consumption goods to households and, if they are exporters,
to the foreign sector.

• A monopolist bank, which grants loans to consumption goods firms, buys bonds from
the government and holds firms’ and households’ deposits. The bank is the agent that
trades foreign currency with foreign and domestic agents and it is the sole agent that can
accumulate foreign reserves as assets or get indebted with the foreign sector.

• A set of Nh households divided in N cap capitalists, Ndir direct workers, and N ind indirect
workers. Workers sell their labor to firms and receive wages in return, while capitalists
own the firms and receive profit dividends (each firm is owned by ρ1 capitalist households).

2Unless explicitly mentioned otherwise, all variables and agents are the domestic ones.
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Unemployed workers receive a tax-exempt unemployment benefit from the government.
Households buy consumption goods from domestic firms and from the foreign sector
through an intermediary (imports) and keep their savings as domestic deposits at the bank.
They also pay taxes on profit dividends and wages.

• A public sector composed by a central bank and a government. The government employs
a fixed number of direct and indirect workers, pays unemployment benefits to unemployed
workers, collects taxes, and issues bonds to cover its deficits. The central bank holds the
government’s reserves account in domestic currency and acquires government bonds.

• A foreign sector represented as an aggregate sector. Its variables are affected in such a
negligible way by the domestic sector that they can be taken as exogenous to the dynamics
of the domestic variables.3 It is characterized by a price level pxx,t,

4 which captures the
average price level prevailing in world markets for the homogeneous consumption good
that is traded between the foreign and domestic economies. This world price level grows
over time, and its growth rate is given by p̂x. The foreign sector is also characterized by a
real output level Yx,t, whose growth rate is given by gx. For simplicity, there is no cyclical
fluctuation in gx. There is also a nominal interest rate in the foreign sector given by ix.

As this chapter focuses on effects of international trade on a small open economy,
the behavior of the consumption goods firms, which can be in direct competition with the
foreign sector, is of particular importance. In line with the literature on firms’ performance in
international markets (Bernard et al., 1995, 2012), the model structure is such that only a fraction
of the firms will be exporters. These firms price discriminate across markets (Krugman, 1986),
so one of the components of export prices is the price level prevailing in the world economy.
Households buy imported consumption goods from the foreign sector through an intermediary
at a price level in domestic currency set according to the foreign price level and the nominal
exchange rate. The nominal exchange rate, which represents the price of the foreign currency
expressed in domestic currency, evolves following the previous period trade balance and the
nominal interest rate differential between the domestic and foreign sectors. For simplicity, we
assume that there is no international labor or physical capital mobility and that only domestic
currency can be used as means of payment in the domestic sector.5

The social conflict over the domestic income distribution is now affected by a larger
multitude of factors, extending considerably the dimensions included in chapter 1. While the
dynamics of nominal labor unit costs, which reflects the interplay between productivity growth
3As mentioned, this is grounded on our understanding that such methodological strategy is adequate for understand-
ing the effect of external shocks in several developing economies. For multi-country AB models, see the works
listed in section 2.2.

4We use the superscript x when the value is denominated in foreign currency. As in chapter 1, the superscript $
denotes nominal values in domestic currency.

5In other words, there is no foreign direct investment from or to the domestic sector. Note also that the domestic
consumption goods firms only acquire capital goods from the domestic capital goods firm, which does not export
these goods. As future research, an extension of the model could also include international trade of capital goods.
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and nominal wages, is once again a key determinant of the relative strength of each class, it
is itself affected by the foreign sector. If foreign demand stimulates economic activity and
employment, an increase in workers’ bargaining power is likely to take place, while at the same
time it may trigger endogenous growth in labor productivity through the innovation process. Also,
firms react to the international competition in the domestic and foreign markets by adjusting
their mark-up rates. Finally, the nominal exchange rate and the foreign price level are key
factors determining the functional and personal income distribution through their direct effect on
exporters’ income in domestic currency (Rossi and Galbraith, 2016).

The next subsections summarize the main equations of the entire model (domestic
and foreign agents). Equations and relations that have been already extensively detailed in
chapter 1 are also briefly mentioned so that the reader has a complete summary of the model.6

2.3.1 Capital goods firm

The monopolist capital goods firm produces machines employing a technique char-
acterized by direct labor productivity ykt . The new machines’ productivity is equal to yc,?t . These
machines are sold to the consumption goods firms and they produce a maximum Qfc

m units of
consumption goods for a maximum of T k periods, after which they are scrapped.

The innovation process undertaken by the capital goods firm is based on two succes-
sive random draws (Dosi et al., 2010, Nelson and Winter, 1982). The probability of success in
innovating is given by:

θt = 1− e−ζLresk,t (2.1)

where 1 > ζ > 0 is a parameter and Lresk,t is the number of researchers employed by the firm
(determined by an R&D investment equivalent to ρ2 < 1 of the current nominal demand). In
case of success, the new technology is characterized by the pair yc,int and yk,int :

yc,int = yc,?t (1 + xct) (2.2)

yk,int = ykt (1 + xkt ) (2.3)

where xct and xkt are random draws from a Beta(α, β) distribution over the [−x, x] support.
The firms decides whether it adopts the new pair (yc,int , yk,int ) or stays with the previous one
by selecting the technology that minimizes the sum of the price of the machine and the total
production cost at the consumption goods firms’ desired capacity utilization rate (ud) times a
payback factor:

min(pk(y
k
t−1) + bΓ$(yc,?t−1, u

d), pk(y
k,in
t−1 ) + bΓ$(yc,int−1 , u

d)) (2.4)

6The main differences with respect to the model in chapter 1 are presented from section 2.3.2 to section 2.3.8.
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where pk is the capital goods price function, b is the exogenous payback factor, and Γ$ is the
consumption goods firms’ total cost function.

The firm hires both direct and indirect workers (managers and researchers). The
labor demand for direct and indirect workers are given by equations 2.5 and 2.6 respectively:

LD,dirk,t =
⌈∑Nc

c=1 I
D
c,t

ykt

⌉
(2.5)

LD,indk,t =
⌊ρ2

∑Nc

c=1 I
D,$
c,t

wind,$k,t

⌋
+
⌊
ρ3L

D,dir
k,t

⌉
(2.6)

where ρ2

∑Nc

c=1 I
D,$
c,t is the R&D budget, wind,$k,t is the indirect workers’ wage level, and ρ3 is the

fixed number of managers per direct worker.
The firm’s production level is given by the floor of the number of direct workers

it hires in the period multiplied by their productivity, which is adjusted by a correction factor
that depends on the actual ratio of managers to direct workers in comparison to the required
ratio. This adjustment captures the effect of management shortcomings whenever the firm cannot
hire as many managers as required to supervise the direct workers and organize the production
process. Formally, production is given by:

Qk,t = min

{
bLdirk,t ykt [1− h(Lman,Dk,t /Ldir,Dk,t − Lmank,t /L

dir
k,t )1Q]c,

Nc∑
c=1

IDc,t

}
(2.7)

where h is the sensitivity of the actual productivity level to the difference between the actual ratio
of managers to direct workers and the required ratio and 1Q is an indicator function that takes
the value of one if the actual ratio is below the required ratio and zero otherwise. As the firm
never produces more than demanded by the consumption goods firms (for simplicity, there is no
strategic accumulation of inventories), the second part of the equation captures the maximum
production level, given by the demand for capital goods (

∑Nc

c=1 I
D
c,t).

The price of the new machines depends on a fixed mark-up rate applied to the unit
labor costs, as follows:

p$
k,t = (1 + µk)

(wdir,$k,t + ρ3w
ind,$
k,t )

ykt
(2.8)

where µk is a fixed mark-up rate and wj,$k,t is the wage rate for each type j = dir, ind of worker.

2.3.2 Consumption goods firms

The model is composed of a set of N c consumption goods firms that produce a
homogeneous nonperishable good using labor and capital goods. All firms sell in the domestic
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market, while a subset of exporting firms also have access to the international market. In both
cases, the consumption goods market is characterized by imperfect competition and firms’ sales
depend on their market shares.

Firms form their expectations based on the past level of (domestic and foreign)
demand (Qe

c,t = QD
c,t−1). Given this expected demand, they set the desired production level (Qd

c,t)
by considering also a fixed desired share of inventories (nIN ) relative to the expected demand
and the inventory level from the previous period.

The labor demand for direct and indirect workers is given by equations 2.9 and 2.10
respectively:

LD,dirc,t =
⌈Qd

c,t

ȳc,∗c,t

⌉
(2.9)

LD,indc,t = bρ4L
D,dir
c,t + ρ5L

dir,fc
c,t e (2.10)

where ȳc,∗c,t is the average direct labor productivity of the most productive machines required
to produce Qd

c,t, ρ4,5 > 0 are parameters, and Ldir,fcc,t is the demand for direct labor at the full
capacity production level.

Firms’ production is given by equation 2.11. Also in this case, there is an adjustment
factor to the productivity level if the actual ratio of managers to direct workers is below the
required ratio.

Qc,t = Ldirc,t ȳ
c
c,t[1− h(Lind,Dc,t /Ldir,Dc,t − Lindc,t /Ldirc,t )1Q] (2.11)

Firms set prices by adding a variable mark-up rate over unit labor costs computed at
the desired capacity utilization level. Since firms are exposed to international competition, their
mark-up rates also reflect their perceived international competitiveness in each specific market.
Therefore, in addition to the mark-up components considered in chapter 1, the price of exported
goods also includes a component capturing the international competition, as described below.

Firms invest to adjust their capital stock to the desired level and to replace machines
that have become technologically obsolete and hence will be scrapped. In the first case, firms
calculate their desired capital stock in t+ 1, which depends on the desired capacity utilization
rate (Qfc,d

c,t = Qe,t+1
c,t /ud). The capacity adjustment investment is the difference between the

desired production capacity for t+ 1 and what will be the productive capacity in this period if no
investment is undertaken. While firms always replace all machines older than T k (as long as they
do not wish to reduce their capital stock), they are more cautious with respect to the expansion of
their productive capacity. Thus, the expansion investment is given by the difference between the
current full capacity and the desired production capacity in t+ 1 multiplied by the investment
adjustment speed (1 > v > 0). The replacement investment demand is determined by a payback
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rule (Dosi et al., 2010, Dweck et al., 2020). A machine is replaced by a new one if its payback
period (equation 2.12) is positive and lower or equal to the fixed threshold b.

bm,t =
p$
k,t

Γ$(ycm,t, u
d)− Γ$(yc,?t , ud)

(2.12)

Whenever their internal resources are insufficient to cover their expenses in the
beginning of the period (before production and sales take place), firms asks for a loan from the
bank. The bank grants all the requested loan as long as the ratio of firms’ interest payment to
their average revenue in the previous four periods (adjusted to the current price level) is below a
maximum ratio R. Otherwise, it grants the maximum between the amount required to reach R or
the amount required to cover firms’ outstanding debt.

Consumption goods firms exit the market whenever their market share of the domestic
market relative to the domestic firms ( msc,t/

∑Nc

c=1msc,t) is below a threshold given by the
msmin parameter, their production capacity is zero, or when they have no deposits available
and cannot ask for loans to cover their production or investment projects. New firms enter the
market with a desired production capacity equal to a fraction δ of the average capital stock of the
established firms. They receive all loans requested and are not subject to any exit criterion for
T c > 1 periods after their first production period.

2.3.2.1 Sales to the domestic market

Prices for the domestic market are set following the same procedure as that in chapter
1. The first component reflects their position vis-à-vis other firms (including the foreign sector),
as reflected in the evolution of their market shares (equation 2.13). In an open economy context,
this means that, whenever the market share of the foreign sector increases, the domestic firms
face a reduction in their market share (at least on average), which makes their prices sensitive to
international competition in the domestic market. The second component reflects their position
vis-à-vis workers, which is given by the evolution of nominal unit labor costs (equation 2.14).

µ∗c,t = µ∗c,t−1

[
1 + ν1

(
msc,t−1

msc,t−2

− 1

)]
(2.13)

mc,t = ν2mc,t−1 − ν3

(
∆Γu,$c,t (ud)

Γu,$c,t−1(ud)

)
(2.14)

where 1 > ν1 > 0 is the sensitivity of the mark-up to the domestic market share, 1 > ν2 > 0 is
the persistence in the mark-up deviation, 1 > ν3 > 0 is the sensitivity of the mark-up deviation
to changes in unit costs, and Γu,$c,t (ud) is firms’ unit costs at desired capacity utilization rate. The
final mark-up rate for domestic prices is applied on unit costs computed at the desired capacity
utilization rate and is given by µ∗c,t +mc,t.7

7This value is limited by the minimum mark-up rate accepted by firms, which is given by µmin.
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Aggregate domestic demand for domestic goods is split between firms according

to their market share. Firms’ market shares of the domestic market evolve following a “quasi”
replicator dynamics and depend on their competitiveness (Ec,t), which is given by the average
between the normalized price level (pnc,t) and normalized unfilled demand level (lnc,t) (Dosi et al.,
2010, Dweck et al., 2020, Silverberg et al., 1988). Formally, firms’ competitiveness is given by
equation 2.15 and their market share is given by equation 2.16, as follows:

Ec,t =
(1− pnc,t) + (1− lnc,t)

2
(2.15)

msc,t = msc,t−1

(
1 + ν4

Ec,t − Ēt
Ēt

)
(2.16)

where ν4 > 0 is a parameter capturing the market share sensitivity to competitiveness and Ēt is
the average competitiveness of consumption goods firms weighted by firms’ market shares in
t − 1. Firms’ sales to the domestic market are then given by their market share multiplied by
total domestic demand for consumption goods.

2.3.2.2 Sales to the foreign market

A subset of firms will sell to the foreign market in addition to selling to the domestic
market, thus gaining access to an additional demand. In line with the literature on firms
performance in international markets and reflecting the inherent difficulties in accessing new
markets (Bernard et al., 1995, 2012), only firms that have already acquired a considerable size
of the domestic market will adventure themselves in the new market represented by the foreign
sector, with a certain probability of succeeding in this effort. Additionally, large firms that have
already gained access to the foreign market remain as exporters. Formally, this means that, in
case a firm was an exporter in the previous period and its market share of the domestic market is
greater than or equal to msexp, it will be an exporter in the current period. Firms that were not
exporting in the previous period and whose market share of the domestic market is lower than
msexp remain as non-exporters. The exporter status of firms in intermediate cases (exporters
whose market share of the domestic market is lower than msexp and non-exporters whose market
share is greater than or equal to msexp) is defined by a Bernouilli draw with probability of
success (become an exporter) given by ι1msc,t−1/

∑Nc

i=1msc,t−1, where ι1 > 0 is a parameter
capturing the sensitivity of the probability to export to firms’ market share and

∑Nc

i=1msc,t−1 is
the domestic firms’ aggregate market share of the domestic market (excluding exports).8

We assume that the domestic and international consumption goods markets are
segregated enough so that firms can follow the so-called pricing to market strategy (Krugman,

8In the first period of the simulation, the exporter status of all firms is determined through the Bernouilli draw.
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1986).9 This means that our consumption goods firms price discriminate across these two
markets: they apply a specific mark-up rate for setting the reference price in foreign currency and
consider also the foreign price level when setting their export prices. The former factor means
that firms take advantage of a favorable international scenario to increase their mark-up rates
in the foreign market, while the latter factor leads to a limited pass-through from the nominal
exchange rate and domestic costs to prices as firms seek to keep their market shares in foreign
markets (Warmedinger, 2004).10

Formally, firms will consider an adjustment factor in their mark-up rates depending
on their performance in the international market, which is captured by the growth rate of their
real exports demand. This adjustment factor is given by equation 2.17:

m
′

c,t = ν2m
′

c,t−1 − ν5

(
∆XD

c,t−1

XD
c,t−2

)
(2.17)

where ν5 is the sensitivity of the mark-up rate to exports growth and XD
c,t is real export demand.

The final mark-up rate for the reference export price is applied on unit costs computed at the
desired capacity utilization rate and is given by µ∗c,t +mc,t +m

′
c,t.

Since exporters also consider the price level prevailing in the international market
(pxx,t), export prices denominated in foreign currency are given by:

pxc,t = kpxx,t + (1− k)
(1 + µ∗c,t +mc,t +m

′
c,t)Γ

u,$
c,t (ud)

εt
(2.18)

where 1 ≥ k ≥ 0 is a parameter capturing the degree of pricing to market and εt is the nominal
exchange rate.11 This equation creates a link between the real exchange rate and firms’ mark-up
rates, which are now partially endogenous, for which empirical support is provided by Berman
et al. (2012).

The quantity exported by firms depends on their market share of the foreign market,
as formally expressed in equation 2.19:

ms′c,t = ι2(1− e(−pxx,t/pxc,t)(ι3)) (2.19)

9Pricing to market is one of the reasons why the law of one price is not observed, in addition to transportation costs
and tariffs (Rogoff, 1996). As shown by Aucremanne and Druant (2005) and Fabiani et al. (2006), pricing to
market is widely adopted by firms and its most relevant determinant is the competitors’ prices.

10The degree of pricing to market indicates firms’ power in that market, which is lower if firms react more to the
international price level.

11Note that this equation also includes two extreme options. If k = 1 firms are price-takers in the international
market, while if k = 0 they do not discriminate prices between the domestic and foreign markets (if also ν5 = 0).
In the former scenario, a domestic currency depreciation will have a direct effect on the exporters’ revenue
in domestic currency, leading to a higher (ex-post) mark-up rate. This has direct implications to the income
distribution, as emphasized by Rossi and Galbraith (2016). In the latter scenario, a domestic currency depreciation
may also increase exporters’ revenue, but this will occur through their increased international competitiveness
(since export prices denominated in foreign currency will be lower). In intermediate scenarios (when 1 > k > 0),
a combination of both effects will be observed. Also in this case the price level has a minimum floor set by the
minimum mark-up rate accepted by firms (µmin).
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where ι2,3 > 0 are parameters capturing, respectively, the maximum market share limit reflecting
legal barriers, tariffs, local tastes, and preferences that limit domestic firms’ market share of
the foreign sector and the price sensitivity of the domestic firms’ market share. As the total
real demand for consumption goods from the foreign sector is equal to cxYx,t, with cx being the
foreign sector’s propensity to consume, the export demand for exporting firms in real terms is
equal to:

XD
c,t = ms′c,tcxYx,t (2.20)

Firms’ realized exports depends on whether their supply capacity (previous inven-
tories level plus current period production) is enough to fulfill the total (domestic and foreign)
demand for their production. If supply is greater than or equal to demand (Qc,t +QIN

c,t−1 ≥ QD
c,t),

firms’ realized exports are equal to the demand for exports (XD
c,t) and their total sales are equal

to total demand (Qs
c,t = QD

c,t) . Yet, if that is not the case (Qc,t +QIN
c,t−1 < QD

c,t), firms sales are
limited by their supply capacity (Qs

c,t = Qc,t +QIN
c,t−1) and they have to choose how to allocate it

to their foreign and domestic customers. We assume that firms follow a simple rule of thumb
according to which the same share of each type of demand is fulfilled, as reported in equation
2.21 for exports.12

Xc,t =
Qs
c,t

QD
c,t

XD
c,t (2.21)

2.3.3 Bank

The banking sector is composed by a monopolist bank, which grants credit to
creditworthy firms, holds remunerated deposits and buys bonds from the government. For
simplicity, the bank sets the interest rate for deposits and loans equal to the interest rate set by
the central bank (it). The bank is also the only agent that acts in the exchange market, trading
domestic and foreign currencies for domestic and foreign clients. As explained in section 2.3.8,
it is assumed that the exchange rate is affected by commercial and financial factors, but the
latter are not explicitly modeled given our focus on commercial flows. Thus, the bank either
accumulates foreign currency or gets indebted with the foreign sector in order to guarantee that
the foreign reserves demanded by private agents are available.13

12For instance, if Qs
c,t/Q

D
c,t = 0.5, 50% of the foreign demand and 50% of the domestic demand is fulfilled. Note

that this implies that firms do not fulfill relatively more of the type of demand whose price is higher in domestic
currency (due to price discrimination, export prices converted to domestic currency can be different from prices in
the domestic consumption goods market). Nevertheless, the more important adjustment is simply an increase in
the desired production level in the following period.

13For simplicity, this credit is infinitely elastic at the current international interest rate. Thus, in this framework,
the domestic monopolistic bank is not internationally credit-constrained. As mentioned, this derives from our
focus on trade flows. A relevant extension of our model would be to explicitly model these and other financial
constraints in order to better incorporate financial relations between the domestic and foreign sectors.
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2.3.4 Households

As in the original model reported in chapter 1, households are split into three
heterogeneous social groups: direct workers, indirect workers, and capitalists (Mohun, 2016).
These social groups are characterized by specific relations with the production process, which
also reflect different income levels.

Workers’ desired wage depends on the macroeconomic environment, their individual
employment experience, and their previous wage level. The desired wage is based on the previous
strictly positive wage received by the workers (i.e. the wage received in the workers’ last job)
adjusted by the inflation rate (if positive). Then, workers who were employed in the previous
period increase this wage by a parameter γ2 times the growth rate of the economy in the previous
period (if positive), while workers who were unemployed in the previous period adjust the wage
downward proportionally to the number of periods since her last employment multiplied by the
parameter γ5, as shown in equation 2.22:

wd,$h,t =

w
d,∗,$
h,t (1 + γ2gt−11g) if Twh,t = 0,

wd,∗,$h,t (1− γ5T
w
h,t) otherwise.

(2.22)

where wd,∗,$h,t is the most recent strictly positive nominal wage adjusted by the inflation rate, Twh,t is
the number of periods the worker has been unemployed since her last employment (if employed
in t− 1, Twh,t = 0), gt−1 is the previous period private aggregate demand growth rate, 1g is and
indicator function that takes the value of one if gt−1 > 0 and zero otherwise, and γ2,5 > 0 are
parameters that capture the sensitivity of the desired wage to the output growth rate and to the
individual unemployment status respectively.14

Whenever the wage offered by the current employer is below their individual desired
wage and below the average wage in the market, workers consider looking for a new job. This
decision is based on a random draw from a Bernoulli distribution with the probability of success
given by a parameter s multiplied by the percentage difference between the wage offered by the
current employer and the average wage in the market. When employed workers search for new
job positions while still being employed, they accept a job offer if the wage offered is above
the wage offered by their current employer. On the other hand, unemployed workers are always
looking for new job positions and accept any offer made by firms.

Households’ consumption depends on their previous real consumption, on their
current nominal income, which is consumed according to class-specific propensities to consume,
and their wealth (deposits):

14There is a maximum real growth rate for the desired wage which is given by ŵmax. Also, the desired wage by
workers has a lower limit represented by the minimum wage.
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CD,$
h,t = max

(
c1

CD,$
h,t−1

p̄C,$t−1

p̄C,e,$t , cj2((w$
h,t + Πh,$

h,t−1)(1− τ) + d$
h,t)) + c3D

$,∗
h,t

)
(2.23)

where 1 > c1 > 0 is the real consumption persistence, p̄C,e,$t is the weighted average price in
t,15 p̄C,$t−1 is the weighted average price in the previous period, 1 > cj2 > 0 is the propensity to
consume out of income for each class j = dir, ind, cap, w$

h,t is the wage earned by the household,
Πh,$
h,t−1 is the profit dividends from the previous period, d$

h,t is the tax-exempt unemployment
benefit received by unemployed workers, τ is the tax rate on income, c3 is the propensity to
consume out of wealth, and D$,∗

h,t is the households’ deposits in the beginning of the period
(minus the past profits).

2.3.5 Public sector

The public sector is composed of a government and a central bank. The government
collects taxes on households’ income at a tax rate τ and on interest payments on deposits at a tax
rate τ i. It pays unemployment benefits to unemployed workers at a value equal to the minimum
wage (wmin,$t ), which is adjusted by the average wage inflation rate in the previous period.16

When a worker becomes unemployed, the unemployment benefit is paid for a maximum of T u

periods or until she finds a new job. The public sector also hires a fixed number of direct and
indirect workers as public servants (Ldirg and Lindg ), who are paid the average wage paid for their
class in the consumption goods sector. These workers are not subject to any turnover.

The central bank follows the inflation targeting regime and adjusts the nominal
interest rate depending on the inflation gap (realized inflation rate minus inflation target).17 We
assume that there is a partial adjustment process of the interest rate, so that the actual nominal
interest rate depends on the desired nominal interest rate (i.e., the nominal interest rate level that
reflects the current inflation gap) and the past nominal interest rate, as follows in equation 2.24.
This inertial behavior of the nominal interest rate is adopted to avoid a high frequency of large
fluctuations in the rate.

it = (1− λ1)[¯̂pt−1 + λ2(¯̂pt−1 − p̂T )] + λ1i1−1 (2.24)

15This is an expected value because it considers firms’ market share in t− 1, while the realized average price level
is based on their effective share of sales in the current period. The foreign sector is considered in both cases.

16As in the case of workers’ desired wage, there is a maximum growth rate for the minimum wage in real terms,
which is given by ŵmax.

17For simplicity, we assume that the monetary authority does not consider the output gap.
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where λ1 is the smoothing parameter of the nominal interest rate, ¯̂pt−1 is the average inflation
rate in the previous T p periods, λ2 is the sensitivity to the inflation gap, and p̂T is the inflation
target.18

2.3.6 Labor market

The labor market structure is the same as that reported in chapter 1. Thus, firms
follow an internal pay structure, according to which workers from the same class at the same
firm earn the same wage. There is downward rigidity in nominal wages (Bewley, 2007, Dickens
et al., 2007). At each period, firms have a desired wage, which is based on the previous nominal
wage and the change in the unemployment rate, as follows:19

wj,d,$f,t = wj,$f,t−1(1 + γ6(ηt−1 − ηt−2)) (2.25)

where wj,$f,t−1 is the previous wage level, γ6 is the sensitivity of firms’ desired wage to the
unemployment rate, and ηt is the employment rate.

The wage level is a weighted average between the desired wage by firms and the
wage desired by workers (assessed through a random survey with a proportion ns,j of the demand
for workers), with the weight given to the latter depending on workers’ bargaining power, which
depends on a parameter φ (capturing institutional factors) and the employment rate (capturing
cyclical factors), as follows in equation 2.26:

wj,$f,t = (1− φηt−1)wj,d,$f,t + φηt−1w
j,s,$
f,t (2.26)

where 1 > φ > 0 is a fixed parameter capturing the sensitivity of workers’ bargaining power
to the employment rate. Firms that could not hire all workers in the previous period interpret
the wage adjustment rule described in equation 2.26 as having been insufficient and thus they
increase this value proportionally to a parameter γ7 times the percentage of unfilled job positions
relative to the total demand for workers in the previous period.

Given the nominal wage level and firms’ labor demand, a random list of firms is
formed with the capital goods firm always being in the first position. The first firm tries to match
with an indirect and a direct worker by randomly selecting a worker of each type. Workers accept
an offer if the offered wage is above their reservation wage; otherwise, the hiring round will have
been unsuccessful. After this, the second firm starts its hiring round and so on until all firms in
the list have executed one hiring round for each type of worker. The process iterates until all
firms have filled all open positions or reached the maximum number of hiring rounds for each
type of worker, given by a multiple nw of the number of open positions.

18There is also a minimum nominal interest rate imin > 0 in order to assure that it is always strictly positive. This
reflects the effective lower bound adopted by the central bank.

19There is also a limit for the real wage growth desired by firms, which is given by ŵmax.
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2.3.7 Foreign sector

We assume that the foreign sector sells imported goods to households through an
intermediary that is part of the domestic consumption goods market. The price of imported goods
in domestic currency is given by the foreign price level multiplied by the nominal exchange rate,
as follows:20

p$
x,t = pxx,tεt (2.27)

In each period, the foreign sector’s market share of the domestic demand for con-
sumption goods (msx,t) is determined by its price competitiveness vis-à-vis domestic producers,
as follows:

msx,t = ι4(1− e(−p̄C,∗,$t /p$x,t)
(ι5)) (2.28)

where 1 > ι4,5 > 0 are parameters capturing the maximum market share for the foreign sector,
which reflects legal barriers, tariffs, local tastes, and preferences that limit the foreign sector’s
share of the domestic market, and the sensitivity of the foreign sector’s market share to price
competitiveness, respectively, and p̄C,∗,$t is the average price level of domestic producers.21

Consequently, the real imports demand is given by the market share of the foreign
sector multiplied by the real demand of the domestic consumers.22 In domestic currency, the
aggregate import demand is given by equation 2.29. Since, for simplicity, we assume that the
foreign sector (through an importer firm) can always fulfill the domestic sector’s demand for
imported goods,23 this value is also equal to the realized nominal imports in domestic currency.

IMD,$
t = IM$

t = msx,tp
$
x,t

Nh∑
h=1

CD
h,t (2.29)

where
∑Nh

h=1 C
D
h,t is the households’ real consumption demand.

2.3.8 Exchange rate dynamics

Given the simplified structure of our open economy model, we follow an exchange
rate determination process similar to that in Dosi et al. (2019). Formally, we assume that the
exchange rate dynamics depends on the previous period nominal trade balance and on the change

20For simplicity and focus on the main issues of interest in this chapter, we abstract from transportation costs.
21After msx,t is set, domestic firms’ market shares (equation 2.16) are rescaled so that the sum of their market

shares is equal to 1−msx,t.
22As in the closed economy model version, this demand is simply the households’ nominal demand divided by the

average price level in the market weighted by the sellers’ market shares.
23In other words, the supply of the imported goods is infinitely elastic at their current price.
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in the nominal interest rate differential relative to the international nominal interest rate, as
follows:24

εt = εt−1

(
1− λ3

X$
t−1 − IM$

t−1

Y $
t−1

+ λ4

T e∑
i=1

∆idift+1−i

)
(2.30)

where λ3,4 ≥ 0 are fixed parameters capturing the sensitivity of the nominal exchange rate to the
trade balance and to the interest rate differential respectively, idift = ix − it is the interest rate
differential between the foreign and domestic sectors, and T e is the number of periods that the
exchange rate takes to adjust to a change in the interest rate differential.

The real exchange rate is defined as:

εrt =
εtp

x
x,t

p̄C,∗,$t

(2.31)

2.3.9 Sequence of events

In each simulation period, the sequence of events is the following:

1. The central bank sets the nominal interest rate;

2. The nominal exchange rate is determined;

3. Consumption goods firms set desired production levels and prices;

4. Exporter firms are selected;

5. Nominal wages are set;

6. Capital goods firm sets the price and the technologies used and embodied in new machines;

7. Credit market opens;

8. Consumption goods firms set investment demand and all firms set labor demand;

9. Labor market opens;

10. Production and R&D activities take place;

11. Unemployment benefits and wages are paid;

12. Households set their nominal consumption demand and the foreign sector sets its demand
for domestic goods;

24Arguably, this is a simplification of the dynamics of the nominal exchange rate. Nevertheless, such a simplification
allows us to focus on some specific factors affecting the nominal exchange rate which are more aligned with our
purpose in this chapter, while assuming that the other factors remain constant.
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13. Market shares in the domestic and foreign consumption goods markets are determined and

consumption takes place;

14. Taxes are paid;

15. New machines are delivered and old machines are scrapped;

16. National accounts and statistics are computed;

17. Exit and entry of consumption goods firms take place.

2.4 Model validation

This section analyzes the ability of the model to reproduce key stylized facts reported
in the empirical literature. We extend our analysis beyond the stylized facts reported in chapter 1
by incorporating stylized facts related to open economy variables and also referring to studies
that focus more specifically on developing economies.25 The model is simulated for 600 periods
(250 transient periods and 350 considered periods). This section reports the main average results
for the 100 Monte Carlo simulations for the baseline scenario, whose parameters are reported in
Appendix C.

We find that domestic output presents a sustained growth pattern with fluctuations
(figure 2.2). With respect to the domestic components of aggregate demand, we find that
consumption is less volatile than output and that investment is more volatile than output (Carlin
and Soskice, 2014).26 In developing economies, nonetheless, consumption may be more volatile
than output, but it is always less volatile than investment (Jacobo and Marengo, 2020), as
reproduced in our model.

25In this section we also report a few of the stylized facts that were reproduced by chapter 1. Yet, it should be
mentioned that the model structure is robust and the stylized facts analyzed in chapter 1 are also reproduced in the
open economy model outlined in this chapter.

26The standard deviation relative to that of output is equal to 0.783 and 7.919 for consumption and investment,
respectively.
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Figure 2.2: Output, consumption, and investment
Note: Bpf: bandpass-filtered (6,32,12). Series represent average of 100 Monte Carlo runs. All series are taken in

logarithm. Source: author’s own elaboration based on simulation results.

Figure 2.3 reveals additional information concerning the cyclical components of
selected macroeconomic series obtained through the bandpass filter. As reported in chapter 1, we
find that consumption, investment, change in inventories, and labor productivity are procyclical,
while the unemployment rate is countercyclical (Agenor et al., 2000, Toledo, 2008, Stock and
Watson, 1999). In addition, we find that real aggregate exports and real aggregate imports are
procyclical.27
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Figure 2.3: Cross-correlations structure for output
Note: Bpf: bandpass-filtered (6,32,12). Output, consumption, investment, change in inventories, average

productivity, exports and imports series are all taken in logarithm. Bars are standard deviations of 100 Monte Carlo
average cross-correlations. Source: author’s own elaboration based on simulation results.

In line with empirical evidence, we find that the real and nominal exchange rates are
positively correlated (Agenor et al., 2000), presenting a correlation coefficient of 0.949 (standard
deviation equal to 0.03).

27It should be noted that these stylized facts are not necessarily observed in all developing economies, since not all
of these economies present procyclical real aggregate exports (Jacobo and Marengo, 2020).
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At the micro level, the model also reproduces empirical regularities concerning

firms’ penetration in international markets (table 2.1). In line with the evidence reported by
Bernard et al. (1995, 2003, 2012), we find that only a fraction of the firms are exporters. In
addition, these exporter firms are larger and more productive than non-exporting firms. Thus,
firms are also heterogeneous with respect to their trade relations with the foreign sector and the
model endogenously reproduces a key empirical finding indicating that exporters tend to be more
productive than other firms.

Table 2.1: Exporters

Variable Average Standard deviation

Ratio of exporters (of total consumption goods firms) 0.335 0.022
Size (exporters relative to non-exporters) 4.252 0.503
Productivity (exporters relative to non-exporters) 1.086 0.033

Note: Averages across 100 Monte Carlo runs. Source: author’s own elaboration based on simulation results.

2.5 Foreign shocks, output, income distribution, and infla-
tion

The aim of this chapter is to investigate how external shocks affect the economic
activity, inflation, and the income distribution of a small, open economy. Income distribution in
this artificial economy is determined by a social conflict that presents a multitude of determinants,
most of which are likely to be directly or indirectly influenced by external shocks. Indeed, the
effect on income distribution largely depends on how external shocks affect the relative strength
of the different groups through different channels, which depends on the underlying economic
structure. While distributional changes affect the economic activity, the external shocks are also
expected to affect output directly through changes in imports and exports. Similarly, changes in
output can be a further factor influencing income distribution following an external shock. The
changes in the conflict over income distribution also have implications to the inflation dynamics,
which is further impacted by changes in the nominal exchange rate and foreign price levels.
Thus, the experiments reported below capture this coevolutionary dynamics between income
distribution, economic activity, and inflation rates that is already present in the model and is now
disturbed by external shocks.

We investigate and compare the effect of two types of external shocks with different
magnitudes, signs, and durations to analyze how these shocks and their characteristics affect
the system. The first experiment consists on applying a temporary shock on the foreign output
growth rate, which represents an external demand shock for the domestic economy. The second
experiment consists on applying a temporary shock on the foreign price inflation rate, which has
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implications for the domestic economy’s terms of trade.28 Given the different natures of each
type of shock, their impacts on the domestic economy operate through different mechanisms
and, thus, lead to different economic and distributional outcomes. All scenarios are compared
with the baseline scenario reported in the previous section, in which there are no shocks.

2.5.1 Foreign output growth rate shocks

In our first experiment, we investigate the effect of temporary shocks on the foreign
output growth rate on the dynamics of the domestic economy. This experiment intends to capture
key mechanisms that operate in an economy when there is a context of higher (or lower) world
output growth rates, which can have a direct effect on domestic output through exports. The
different scenarios configurations with shocks of different magnitudes, signs, and durations on
the foreign output growth rate (gx) are reported in table 2.2 below.29

Table 2.2: Design of experiments (shocks on gx)

Experiment Period ∆gx

1 50 to 100 + 0.004 + 0.008 - 0.004 - 0.008
2 50 to 150 + 0.004 + 0.008 - 0.004 - 0.008

Note: Source: author’s own elaboration.

As expected, a positive foreign demand shock is associated with an increase in the
domestic output level (figure 2.4), which is not reverted when the foreign output growth rate
returns to the baseline value. Despite the different magnitudes, output levels do not clearly differ
between both positive shocks on gx when they are applied from period 50 to 100. This is related
to the behavior of the growth rates during and after the shocks, as discussed in the end of this
section (see table 2.3). Yet, despite not presenting a clear difference between the two shocks,
both of them lead to a higher output growth rate if compared to the baseline scenario, indicating
at least a persistent level effect. The negative foreign demand shocks are associated with lower
domestic output levels. In this case, the difference between both magnitudes are much clearer
when the shock is applied from 50 to 150, with the output level being even lower and more
persistently affected when the magnitude of the negative shock is larger.

28Albeit directly affecting one component of the terms of trade (the foreign price level), such shock also indirectly
affects its other components (nominal exchange rate and domestic price inflation) as discussed in the analysis of
the experiments.

29The periods of the shocks refer to the time span after the transient phase (that is, during the considered simulation
periods).
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Figure 2.4: Comparison of experiments: output level in logs (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

The foreign demand stimulus also leads to lower unemployment rates (figure 2.5),
which stabilize at different levels after the shock is reverted. Such a decrease in the unemployment
rate increases workers’ power in the nominal wage bargaining process and increases the number
of employed workers, who desired an increase in their real wage. These processes lead to higher
nominal wages, which are partially passed-on to prices. Therefore, the inflation rate also tends to
be higher when there is an increase in gx (figure 2.6). Such increase in the inflation rate triggers
a response of the central bank, and higher levels of the nominal interest rate are observed as well
(figure 2.7). In the case of the negative shocks on gx the response is quite symmetric, with higher
unemployment rates and lower inflation and interest rates being observed.
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Figure 2.5: Comparison of experiments: unemployment rate (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.6: Comparison of experiments: inflation rate (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.7: Comparison of experiments: nominal interest rate (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

The combination of the foreign demand shock and the resulting higher inflation
and interest rates has important implications for how the nominal and the real exchange rates
behave (figures 2.8 and 2.9 respectively). Since the scenarios with higher values of gx are those
experiencing nominal trade balance surpluses (due to the higher external demand) and higher
nominal interest rates, these scenarios present a tendency of nominal exchange rate appreciation.
The real exchange rate, which is described by equation 2.31, tends to decrease due to this nominal
exchange rate appreciation, but also due to the higher domestic inflation rate resulting from the
positive shock on gx (in this scenario, the foreign inflation rate is kept constant). Consequently,
these scenarios present a lower real exchange rate, which is not reverted after the shock is over.
It is interesting to note that the domestic currency appreciation during the period of the shock
operates to reduce the increase in export growth, as firms’ competitiveness reduces, but this is
insufficient to fully compensate the positive shock on exports due to the increase in the foreign
demand. Also in this case, the effect of negative shocks is almost symmetric, with negative
shocks on gx leading to higher nominal and real exchange rates.
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Figure 2.8: Comparison of experiments: nominal exchange rate (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.9: Comparison of experiments: real exchange rates (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

Income distribution is significantly affected by positive shocks on gx (figures 2.10
and 2.11). Indeed, positive shocks on gx are associated with a higher wage share and lower Gini
index, especially after the shock is reverted. As previously discussed, there are several factors
that affect the relative strengths of capitalists and workers in the model and explain the observed
dynamics of the income distribution. Considering first the dynamics of the functional income
distribution, a key factor is how workers’ bargaining power evolve. Indeed, by stimulating
economic activity and leading to a lower unemployment rate, positive shocks on gx increase
workers’ bargaining power, which translates into stronger nominal wage adjustments. These
adjustments pressure downwards firms’ mark-up due to an increase in unit labor costs. Yet,
there are other channels through which the foreign sector affects prices and mark-up rates in this
economy. While the profit share is positively affected by the export growth stimulated by the
higher foreign output growth rates, which leads to a positive adjustment in the mark-up used
to calculate export prices, there are other factors that exert a negative effect on it and thus lead
to a lower mark-up rate. Indeed, despite the increase in the mark-up set on export prices, such
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prices are negatively affected by the currency appreciation, which reduces the value in domestic
currency of one of its components (the foreign price level) in an ex-post manner. In net terms,
this effect may compensate the first effect. With respect to prices of domestic goods, since the
domestic currency real appreciation leads to an increase in the foreign sector’s market share of
the domestic market, firms react by decreasing the mark-up rate set on domestic prices. Thus,
the functional income distribution results from the complex interaction between all of these
determinants, and overall there is a positive association between positive shocks on gx and the
wage share. The dynamics of the functional income distribution has direct implications for the
personal income distribution, since a higher wage share represents a higher average income to
classes that tend to earn a lower income and whose income is more equally distributed (Daudey
and García-Peñalosa, 2007, Wolff and Zacharias, 2013).

The negative shocks on gx lead to an increase in income inequality. Such effect on
income inequality is also the combination of two factors associated to the social conflict over
income distribution: while the lower gx leads to an increase in unemployment, which leads
to higher mark-up rates through the behavior of production costs, it is also associated with
lower inflation rates, which increase firms’ international competitiveness and leads to further
increases in the mark-up rate. Thus, in an open economy firms take advantage of low workers’
bargaining power also through the improvement in their international competitiveness: not only
wage increases are lower, which allows firms to adjust upward their mark-up rates, but also the
lower growth rate of prices (given that costs are growing less) improve firms’ position in the
foreign market and allow them to further increase their mark-up rates.
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Figure 2.10: Comparison of experiments: wage share (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.11: Comparison of experiments: income Gini coefficient (shocks on gx)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

Overall, the magnitude, sign and duration of the shocks are important for the dynam-
ics of our variables and their long-run behavior (when gx has returned to the baseline value).30 In
order to better understand each scenario, table 2.3 reports the average values of key variables
for the periods during and after the shocks on gx and compares them with the average values
observed for the baseline scenario. With respect to the positive shocks on gx, it is possible to
observe that the domestic output growth rate increases during the period of the shock, and that
such increase relative to the baseline is the larger, the larger the shock on gx is. Yet, in the
period after the shock the growth rates are not always statistically different from the baseline,
indicating only a persistent level effect in two cases. On the other hand, distributional changes
tend to be statistically significant and persist in the long run in all cases: positive shocks on gx
are associated with higher wage shares and lower income Gini coefficients, and the differences
relative to the baseline scenario increase with the magnitude and duration of the shock. Given
the loss in price competitiveness associated with the real exchange rate appreciation, the market
share of domestic firms of the foreign market (market share exports) tends to be lower than
in the baseline scenario, while the market share of the foreign sector of the domestic market
(market share imports) is higher. This means that, when the shock is over, the export dynamics is
negatively affected by the loss in price competitiveness, since the demand effect is no longer
present. As a result, there is a reduction in the share of exports in output when the shock is over.
Thus, while the effect on output growth rates is clear during the shock, its persistence in the long
run depends on the interaction between domestic consumption and international competitiveness.
Indeed, a more equal income distribution tends to be associated with more domestic consumption
(given that lower classes tend to consume more out of their income) and more loss in price
competitiveness (as higher workers’ bargaining power is associated with higher inflation rates).
If the former effect compensates the latter effect on exports and imports, a higher output growth

30In the following analysis and in the remaining of this chapter, we adopt a significance level of 10%.
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rate can be obtained. Yet, when the former effect is not enough to compensate the latter effect,
the average output growth rate can be lower.

The dynamics generated by the negative shocks on gx tends to go on the opposite
direction. In this case, the output growth rates are statistically smaller than the baseline scenario
only during the shocks, while the worsening in income distribution is statistically significant
even after the shock. Since the worsening in income distribution results from a reduction in
workers’ bargaining power due to the increase in unemployment rates following the negative
shocks on gx, there is also a lower inflation rate, which leads to an increase in firms’ international
competitiveness. Yet, such improvement in firms’ international competitiveness is insufficient
to compensate the negative effect of the worsening in income distribution and stimulate higher
output growth rates.

In sum, the analysis of the positive and negative shocks on gx highlights the impor-
tance of the interaction between domestic and foreign demands for the output dynamics and,
consequently, the interaction between income distribution and international price competitiveness.
In the short run, shocks on gx tend to be positively related with the output growth rate, since they
alter the exports dynamics, which can stimulate (or hamper) output growth. In the long run, when
the shock is over, there is a statistically significant difference in income distribution (shocks on
gx are negatively related to inequality) and in the domestic firms’ price competitiveness, since
output growth tends to be followed by nominal wage negotiations that lead to higher inflation
rates. Thus, the long-run dynamics of the economy depends on the interaction between income
distribution and price competitiveness effects. Indeed, a lower price competitiveness is not a
factor that necessarily inhibits economic growth in the long run, as it may be associated with
more domestic consumption due to the improvement in income distribution. Nonetheless, this is
not guaranteed for all cases, since price competitiveness may exert a dominant role in specific
scenarios, as discussed above.
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Table 2.3: Summary statistics for shocks on gx

Exp. 1 (Shock period: 50 to 100)

Period Total During After

Experiment Baseline +0.004 +0.008 -0.004 -0.008 +0.004 +0.008 -0.004 -0.008

Variable Average Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val

Output growth rate 0.0077 1.0622 0.1282 1.2616 0.0000 0.8936 0.0146 0.8430 0.0001 1.0454 0.1016 1.0142 0.6036 0.9764 0.3716 0.9957 0.8637
Unemployment rate 0.1856 0.9349 0.0220 0.8762 0.0000 1.0595 0.0463 1.1333 0.0000 0.9069 0.0003 0.8535 0.0000 1.0603 0.0250 1.1729 0.0000
Inflation rate 0.0046 1.2189 0.0060 1.3837 0.0000 0.8915 0.1397 0.7431 0.0002 1.1078 0.0486 1.1481 0.0045 0.9565 0.4194 0.7957 0.0001
Interest rate 0.0069 1.1618 0.0062 1.3022 0.0000 0.9177 0.0931 0.8014 0.0000 1.1416 0.0003 1.1646 0.0000 0.9669 0.3584 0.8358 0.0000
Wage share 0.6392 0.9995 0.9229 1.0003 0.9535 1.0009 0.8549 1.0012 0.8050 1.0060 0.2158 1.0105 0.0133 0.9903 0.0953 0.9760 0.0004
Income Gini 0.3701 1.0065 0.4879 1.0066 0.4897 1.0004 0.9644 1.0020 0.8315 0.9798 0.0416 0.9717 0.0018 1.0157 0.1569 1.0402 0.0013
Market share exports 0.0023 1.0029 0.9725 0.9833 0.8406 1.0545 0.5176 1.0947 0.2672 0.8181 0.0407 0.7183 0.0011 1.0427 0.6400 1.2052 0.0298
Market share imports 0.2234 0.9942 0.9124 1.0041 0.9388 0.9761 0.6574 0.9593 0.4537 1.0723 0.1687 1.1233 0.0139 0.9574 0.4551 0.8572 0.0192
Domestic consumption share of output 0.8017 0.9832 0.0374 0.9750 0.0025 1.0004 0.9603 1.0085 0.2628 1.0231 0.0101 1.0247 0.0066 1.0157 0.0687 1.0170 0.0399
Exports share of output 0.1435 1.0960 0.0268 1.1395 0.0016 0.9978 0.9576 0.9503 0.2200 0.8759 0.0102 0.8707 0.0082 0.9108 0.0546 0.8973 0.0209
Imports share of output 0.2522 0.9769 0.7201 0.9826 0.7862 0.9715 0.6635 0.9590 0.5327 1.1161 0.0768 1.1761 0.0056 0.9807 0.7807 0.8753 0.0863

Exp. 2 (Shock period: 50 to 150)

Period Total During After

Experiment Baseline +0.004 +0.008 -0.004 -0.008 +0.004 +0.008 -0.004 -0.008

Variable Average Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val

Output growth rate 0.0077 1.1125 0.0017 1.2103 0.0000 0.9197 0.0155 0.8268 0.0000 1.0259 0.3818 1.0682 0.0349 1.0113 0.6827 1.0107 0.7021
Unemployment rate 0.1856 0.8728 0.0000 0.7658 0.0000 1.0988 0.0009 1.2309 0.0000 0.8494 0.0000 0.7409 0.0000 1.1581 0.0000 1.3568 0.0000
Inflation rate 0.0046 1.2380 0.0003 1.6437 0.0000 0.8194 0.0024 0.6399 0.0000 1.1531 0.0087 1.3585 0.0000 0.8120 0.0008 0.6003 0.0000
Interest rate 0.0069 1.2072 0.0000 1.5375 0.0000 0.8728 0.0012 0.7069 0.0000 1.1563 0.0002 1.3820 0.0000 0.8589 0.0001 0.6901 0.0000
Wage share 0.6392 1.0020 0.6829 1.0053 0.2640 0.9984 0.7518 0.9968 0.5399 1.0112 0.0108 1.0228 0.0000 0.9777 0.0023 0.9474 0.0000
Income Gini 0.3701 0.9996 0.9669 0.9989 0.9110 1.0032 0.7435 1.0106 0.2904 0.9646 0.0002 0.9403 0.0000 1.0338 0.0131 1.0888 0.0000
Market share exports 0.0023 0.9423 0.4909 0.8759 0.1335 1.0836 0.3367 1.1582 0.0718 0.6978 0.0004 0.4605 0.0000 1.1632 0.0812 1.4457 0.0000
Market share imports 0.2234 1.0233 0.6561 1.0543 0.2879 0.9648 0.5222 0.9214 0.1606 1.1389 0.0048 1.2508 0.0000 0.8897 0.0665 0.7129 0.0000
Domestic consumption share of output 0.8017 0.9849 0.0723 0.9758 0.0053 1.0093 0.2309 1.0229 0.0023 1.0291 0.0015 1.0485 0.0000 1.0229 0.0074 1.0304 0.0001
Exports share of output 0.1435 1.0875 0.0521 1.1398 0.0027 0.9454 0.1907 0.8647 0.0008 0.8471 0.0020 0.7448 0.0000 0.8656 0.0034 0.8133 0.0000
Imports share of output 0.2522 1.0147 0.8185 1.0419 0.5042 0.9710 0.6640 0.9315 0.3119 1.1959 0.0018 1.3434 0.0000 0.9139 0.2327 0.7273 0.0003

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to baseline scenario. Source: author’s own elaboration based on simulation results.
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2.5.2 Foreign inflation rate shocks

The second experiment concerns a shock on the foreign price inflation rate, which
is expected to affect the domestic economy’s terms of trade. The experiment is constructed by
applying temporary shocks to the foreign inflation rate. The different scenarios are reported in
table 2.4 below.

Table 2.4: Design of experiments (shocks on p̂x)

Experiment Period ∆p̂x

3 50 to 100 + 0.025 + 0.05 - 0.025 - 0.05
4 50 to 150 + 0.025 + 0.05 - 0.025 - 0.05

Note: Source: author’s own elaboration.

As expected, when there is an increase in the foreign price inflation rate, this leads
to higher output rates in the domestic economy. This is due to the gain in price competitiveness
by domestic firms when the foreign price level grows at a higher rate, thus leading to higher
aggregate exports. In the case of the negative shocks, however, we do not necessarily observe a
lower output level (as explored in the end of this section).
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Figure 2.12: Comparison of experiments: output level in logs (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

The positive stimulus on domestic demand leads to a temporary decrease in unem-
ployment rates (figure 2.13), which nonetheless return to the previous value when the foreign
inflation rate returns to the baseline value. Similarly to the previous case, there is an increase in
domestic inflation rates following the external shock (figure 2.14), but there are two mechanisms
operating in the same direction in this case. On the one hand, the increase in the foreign inflation
rate leads to some "imported" inflation, since there is a pass-through from the foreign inflation to
the domestic inflation through the imported goods. On the other hand, the lower unemployment
rate means that workers have more bargaining power, achieving larger nominal wage adjustments
in their negotiations with firms and inducing higher inflation rates of domestic goods as well.
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Actually, even the desired wage by workers is affected by the higher foreign inflation rate, since
they are concerned with their total consumption goods basket, which includes imported goods.
Thus, the imported inflationary pressures have an effect on nominal wage negotiations and
domestic inflation rate also through the desired wage by workers. Indeed, foreign inflation rates
exert a direct (or exogenous) impact on the domestic inflation through imported goods and an
indirect (or endogenous) impact that is mediated by the perceived inflation rate by the domestic
agents and by the changes in the dynamics of the social conflict.

The higher inflation rates once again trigger a response by the central bank, so the
scenarios with a higher p̂x are associated with higher nominal interest rates (figure 2.15). In the
case of the negative shocks on p̂x, the effect of p̂x on the desired wage is not as expressive as in
the case of positive shocks on p̂x due to the existence of downward nominal wage rigidity. This
rigidity may also explain this why output does not fall in a symmetrical way, since it helps to
keep wages at the same level, and thus sustain aggregate demand. Thus, the predominant factor
driving down the inflation rate in this case is the foreign price level through imported goods. Due
to the weaker strength of the other mechanisms, the effect of shocks of the same magnitude and
different signs on p̂x is asymmetric, which explains why inflation rates decrease less in case of
negative shocks than they increase when there is a positive shock. Another implication of this
is that when there is a negative shock the decrease in the nominal interest rate is of a smaller
magnitude.
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Figure 2.13: Comparison of experiments: unemployment rate (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.14: Comparison of experiments: inflation rate (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.15: Comparison of experiments: nominal interest rate (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

The dynamics of the nominal and real exchange rates, reported in figures 2.16 and
2.17 respectively, shows that they are affected in opposite directions by a shock in p̂x. The
nominal exchange rate tends to appreciate when there is a positive shock in p̂x due to the trade
surplus and the higher nominal interest rate (similarly to what occurred after a shock in gx). Yet,
such a decrease in the nominal exchange rate is not enough to offset the strong effect of higher
foreign prices on the real exchange rate, which increases with higher levels of p̂x. Thus, despite
the nominal appreciation of the domestic currency and the increase in the domestic inflation
rate, the domestic economy becomes more competitive relative to the foreign sector. Given that
such increase in the real exchange rate during the shock results from the effect of p̂x more than
compensating the nominal exchange rate appreciation and the increase in domestic prices, this
compensation is no longer observed in the period after the shock and the real exchange rate
stabilizes. Nevertheless, there remains a tendency of nominal exchange rate appreciation, since
the level of the real exchange rate determines the dynamics of imports and exports. In the case
of negative shocks on p̂x, the opposite occurs and the nominal exchange rate increases due to
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the decrease in trade surplus and the lower nominal interest rate, while the real exchange rate
decreases due to the predominant effect of a lower p̂x.
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Figure 2.16: Comparison of experiments: nominal exchange rate (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

0 50 100 150 200 250 300 350

0
2

4
6

8

 

Time

R
at

e

Baseline
+0.025
+0.05
−0.025
−0.05

(a) Exp. 3

0 50 100 150 200 250 300 350

0
5

10
15

 

Time

R
at

e

Baseline
+0.025
+0.05
−0.025
−0.05

(b) Exp. 4

Figure 2.17: Comparison of experiments: real exchange rates (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

In terms of income distribution, the effect of a shock on the foreign inflation rate
is markedly different from that in the previous experiment. Indeed, a positive shock on p̂x
is associated with a lower wage share and a higher income Gini coefficient, as reported in
figures 2.18 and 2.19 respectively. As mentioned, the decrease in unemployment rates benefits
workers and improves their bargaining power, leading to higher nominal wages. Nevertheless,
firms also benefit from their better position vis-à-vis foreign competitors, which allows them to
adjust the mark-ups upward. In this coevolutionary dynamics, firms’ mark-ups are negatively
affected by the nominal wage adjustments, but positively (and more significantly) affected by the
increase in their international competitiveness. An additional effect of the higher real exchange
rate is to increase exporters’ revenue (and profits) in domestic currency, which is the direct
effect emphasized by Rossi and Galbraith (2016). As in the previous case, the dynamics in the
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functional income distribution has implications for the personal income distribution, so there
is a higher income Gini coefficient following the positive shocks on p̂x. In the case of negative
shocks on p̂x, the effects are, once again, much milder. The dynamics of the wage share results
from factors that tend to benefit firms (the weaker growth in unit costs due to the lower foreign
price inflation) and that tend to benefit workers (the loss of international competitiveness and the
real exchange rate appreciation). These factors seem to partially compensate each other, but the
situation is somewhat more favorable to workers: there a small increase in the wage share and a
slight decrease in the income Gini coefficient.
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Figure 2.18: Comparison of experiments: wage share (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.
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Figure 2.19: Comparison of experiments: income Gini coefficient (shocks on p̂x)
Note: vertical lines indicate the first and last period of the shock on the foreign variable. Series represent average of

100 Monte Carlo runs for each scenario. Source: author’s own elaboration based on simulation results.

Table 2.5 provides additional information concerning the effects of the shocks on
our variables of interest during and after the shocks. When there is a positive shock on p̂x, there
is an increase in the output growth rate during the period of the shock, since the improvement
in terms of trade lead to an increase in exports, which grow as a share of output. Since a price
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shock has a more direct effect on income distribution than a demand shock,31 the changes on
income distribution are already significant during the period of the shock, and an increase in
inequality is observed. This change in income inequality persists in the long run (after the shock)
in some cases, and so do the changes in exports and imports market shares, reflecting a lasting
gain in international competitiveness that results from the level effect on the real exchange rate,
as previously discussed. Nevertheless, output growth rates return to the baseline value (more
precisely, are not statistically different from it). In most cases, this results from exports not being
an output growth driver any longer, since export growth during the shock was stimulated by a gain
in international competitiveness. When p̂x returns to the baseline value, exports can no longer
stimulate growth. However, differently from the previous case, now there is more inequality
in the income distribution, preventing domestic consumption from becoming a stimulus for
economic growth (exports share continue to represent a larger share of output and domestic
consumption continues to represent a smaller share of output). Thus, when the growth stimulus
represented by the gains in terms of trade is over, it is not replaced by any domestic component.

In the case of the negative shocks p̂x, lower output growth rates are obtained during
the shocks in most cases, but they are not different from the baseline scenario in the periods
after the shock. The loss in international price competitiveness leads to a reduction in domestic
firms’ market share of the foreign sector and an increase in the foreign sector’s market share of
the domestic sector even after the shocks. Yet, the negative effects of the increase in the share
of imports and decrease in the share of exports in total output is somewhat attenuated by the
slight increase in the wage share (only significant during the shock) and decrease in the income
Gini coefficient (significant after the shock in most cases), which allow domestic consumption to
compensate the negative effect of the weaker exporting dynamics.

31In the case of the demand shock, analyzed in the previous section, the distributional changes operated through the
wage bargaining process and through the dynamics of the nominal exchange rate. In the case of a price shock,
there is a direct and immediate effect on the numerator of the real exchange rate, which has implications for the
exporters’ revenues in domestic currency and, consequently, for their profits.
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Table 2.5: Summary statistics for shocks on p̂x

Exp. 3 (Shock period: 50 to 100)

Period Total During After

Experiment Baseline +0.025 +0.05 -0.025 -0.05 +0.025 +0.05 -0.025 -0.05

Variable Average Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val

Output growth rate 0.0077 1.1233 0.0022 1.2010 0.0000 0.9536 0.2513 0.8798 0.0102 1.0267 0.3138 1.0066 0.7985 0.9922 0.7779 1.0016 0.9508
Unemployment rate 0.1856 0.9439 0.0549 0.8678 0.0000 1.0443 0.1087 1.0549 0.0325 0.9414 0.0318 0.8695 0.0000 1.0253 0.3157 1.0655 0.0062
Inflation rate 0.0046 2.4109 0.0000 4.1946 0.0000 0.1703 0.0000 -0.3594 0.0000 1.1980 0.0003 1.4670 0.0000 0.8205 0.0009 0.5867 0.0000
Interest rate 0.0069 2.0887 0.0000 3.6728 0.0000 0.5744 0.0000 0.3863 0.0000 1.2031 0.0000 1.4613 0.0000 0.8849 0.0010 0.7108 0.0000
Wage share 0.6392 0.9891 0.0857 0.9753 0.0018 1.0072 0.0772 1.0094 0.0121 0.9934 0.3115 0.9911 0.2419 1.0008 0.8552 1.0010 0.7889
Income Gini 0.3701 1.0509 0.0000 1.1190 0.0000 0.9791 0.0107 0.9678 0.0000 1.0134 0.2695 1.0226 0.0977 0.9875 0.1664 0.9780 0.0049
Market share exports 0.0023 1.1971 0.0183 1.3071 0.0002 0.8599 0.0914 0.6873 0.0001 1.1348 0.1362 1.2548 0.0051 0.6995 0.0007 0.4512 0.0000
Market share imports 0.2234 0.8851 0.0377 0.8032 0.0005 1.0766 0.1284 1.1585 0.0006 0.8928 0.0610 0.8258 0.0028 1.1288 0.0119 1.2285 0.0000
Domestic consumption share of output 0.8017 0.9613 0.0000 0.9402 0.0000 1.0263 0.0012 1.0585 0.0000 0.9850 0.0711 0.9676 0.0001 1.0610 0.0000 1.1061 0.0000
Exports share of output 0.1435 1.2140 0.0000 1.3332 0.0000 0.8559 0.0009 0.6803 0.0000 1.0844 0.0587 1.1835 0.0000 0.6636 0.0000 0.4130 0.0000
Imports share of output 0.2522 0.8357 0.0114 0.7320 0.0000 1.1130 0.0735 1.2437 0.0000 0.8795 0.0782 0.7926 0.0024 1.2229 0.0007 1.3869 0.0000

Exp. 4 (Shock period: 50 to 150)

Period Total During After

Experiment Baseline +0.025 +0.05 -0.025 -0.05 +0.025 +0.05 -0.025 -0.05

Variable Average Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val Ratio p-val

Output growth rate 0.0077 1.1540 0.0000 1.2312 0 0.9226 0.0328 0.9119 0.0171 1.0173 0.5434 1.0081 0.7633 0.9533 0.1223 1.0117 0.7131
Unemployment rate 0.1856 0.8808 0.0000 0.7130 0 1.0604 0.0194 1.0736 0.0009 0.8840 0.0001 0.7564 0.0000 1.0618 0.0082 1.0874 0.0000
Inflation rate 0.0046 2.6353 0.0000 5.0634 0 0.2220 0.0000 -0.1310 0.0000 1.3668 0.0000 1.8430 0.0000 0.7110 0.0000 0.4851 0.0000
Interest rate 0.0069 2.3223 0.0000 4.5850 0 0.5709 0.0000 0.4320 0.0000 1.3680 0.0000 1.8317 0.0000 0.7977 0.0000 0.6906 0.0000
Wage share 0.6392 0.9791 0.0085 0.9533 0 1.0072 0.0541 1.0069 0.0524 0.9901 0.2146 0.9895 0.2672 1.0011 0.7697 1.0000 0.9914
Income Gini 0.3701 1.0723 0.0000 1.1862 0 0.9758 0.0019 0.9671 0.0000 1.0213 0.1336 1.0401 0.0127 0.9842 0.0476 0.9751 0.0009
Market share exports 0.0023 1.2942 0.0005 1.4425 0 0.7048 0.0003 0.4522 0.0000 1.2654 0.0031 1.4499 0.0000 0.4766 0.0000 0.1222 0.0000
Market share imports 0.2234 0.8120 0.0008 0.6856 0 1.1414 0.0030 1.2386 0.0000 0.8209 0.0023 0.7076 0.0000 1.2159 0.0000 1.3274 0.0000
Domestic consumption share of output 0.8017 0.9476 0.0000 0.9219 0 1.0569 0.0000 1.1020 0.0000 0.9664 0.0000 0.9468 0.0000 1.1027 0.0000 1.1630 0.0000
Exports share of output 0.1435 1.2906 0.0000 1.4406 0 0.6861 0.0000 0.4374 0.0000 1.1893 0.0000 1.3032 0.0000 0.4327 0.0000 0.0966 0.0000
Imports share of output 0.2522 0.7492 0.0001 0.5994 0 1.2235 0.0003 1.3937 0.0000 0.7855 0.0018 0.6522 0.0000 1.3717 0.0000 1.5807 0.0000

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to baseline scenario. Source: author’s own elaboration based on simulation results.
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2.5.3 Summary of the main findings

The previous sections discussed the effects of two types of foreign shocks that alter
the international trade dynamics of the domestic economy. While we find that positive shocks on
the foreign output growth rate and on foreign inflation rate exert a positive (and in most cases
temporary) effect on the domestic output growth rate and a persistent effect on its level, the
distributive implications of each type of shock differ considerably, with more equality following
the positive shocks on the foreign output growth rate and more inequality following the positive
shocks on the foreign inflation rate. Table 2.6 presents the main properties of each type of shock
in order to summarize the key mechanisms driving the results in each case.

Table 2.6: Summary of main results

Type of shock Output growth Unemployment rate Inflation rate Nominal exchange rate Real exchange rate Wage share Gini coefficient

∆gx > 0 + - + - - + -
∆p̂x > 0 + - + - + - +

Note: + indicates that the variable increases in comparison to the baseline scenario (either during or after the shock)
and - indicates that the variable decreases in comparison to the baseline scenario (either during or after the shock).

Source: author’s own elaboration.

Both types of shocks lead to an increase in the output growth rate (which is temporary
in most cases), triggering a decrease in the unemployment rate. Also a higher inflation rate
follows in both cases, which is related to the lower unemployment rate that tends to favor workers
in the wage bargaining process and to increase the growth rates of nominal wages. Yet, in the
case of the shock on the foreign output growth rate the increase in domestic prices is somewhat
attenuated by the decrease in the nominal exchange rate, which reduces the growth rate of
imported goods prices, while in the case of the shock on the foreign inflation rate the increase in
domestic prices is reinforced by the strong increase in the growth rate of imported goods prices
(captured by the increase in the real exchange rate). Thus, the nature of the inflationary processes
triggered by the foreign shocks differ considerably depending on the type of shock.

The dynamics of the nominal and real exchange rates is key to understanding the
differences in the distributive implications of each scenario. Since both scenarios are associated
with an increase in employment, which induce higher growth rates of nominal costs and lower
mark-up rates (equation 2.14) and an increase in exports growth, which increases the exporter
firms’ mark-up rates (equation 2.17), the key differences between them are related to the
dynamics of the real exchange rate. Indeed, the nominal exchange rate appreciation (determined
by the trade balance surplus and the increase in nominal interest rates) obtained in both cases
is associated with a real exchange rate appreciation when there is a shock in the foreign output
growth rate (due to a combination of the lower nominal exchange rate and the increase of the
domestic price inflation in comparison with the foreign price inflation) and with a real exchange
rate depreciation when there is a shock on the foreign inflation rate (since the increase of the
foreign inflation rate relative to the domestic inflation rate compensates the decrease of the
nominal exchange rate). The currency real appreciation in the former case means that domestic
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firms face more competition in the domestic and foreign markets and that exporters’ revenue per
good in domestic currency reduces,32 thus leading to a higher wage share and a lower income
Gini. On the other hand, the currency real depreciation in the latter case has the opposite effect
and the increase in the domestic firms’ competitiveness relative to the foreign sector and the
increase in the exporters’ revenues induce a worsening in the income distribution.

The duration (or persistence) of the macroeconomic and distributive effects of
the shocks is also strongly dependent on the type of shock. Indeed, since the shocks on
the foreign inflation rates have a strong and immediate effect on the exporters’ revenue, the
differences in income distribution are statistically significant already during the period when
the shock is applied. On the other hand, the distributive implications of the shocks on the
foreign output growth rate operate through less automatic mechanisms, and thus take longer
to lead to statistically significant differences. Yet, in the former case the differences are not
always statistically significant after the period of the shock is over, and the unemployment rates
quickly rise back to the baseline level. In the latter case, the duration of the effect on the income
distribution is considerably longer, with a slower convergence of the unemployment rates back
to the baseline level. As already mentioned, the key mechanism explaining this dynamics is the
fact that the improvement in income distribution after the shocks in the foreign output growth
rate induce a replacement of foreign demand by domestic consumption when the shock is over,
which is not the case when there is a shock on the foreign inflation rate. This improvement in
aggregate demand is likely to also exert a feedback effect on income distribution through the
lower unemployment rates, thus contributing to the persistence of the effect on distribution (in
particular for the wage share).

These results indicate that gains in international competitiveness are not enough
to induce higher output growth rates in the long run if they are accompanied by a worsening
in the income distribution. Nevertheless, a similar remark applies to the scenarios in which
more equality is obtained, since it is not guaranteed that the higher output growth rate persists
after the period of the shock, although this is a valid possibility. Thus, while the shift towards
more equality may help to sustain higher output growth rates because domestic consumption
replaces exports when the shock is over, the loss in international competitiveness may play
a countervailing role. In sum, the interplay between domestic consumption and international
competitiveness is key to the relation between output growth and income distribution arising
from the foreign shocks, while also indicating that the real exchange rate may have different
relations with output depending on the dynamics of income distribution.

32Exporters follow the pricing to market strategy and thus there is a price component that is determined by the
foreign price level and the nominal exchange rate (equation 2.18).
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2.6 Transmission mechanisms and foreign shocks

The experiments reported in the previous section explored how foreign shocks
of different types can affect output growth, income distribution, and inflation in small open
economies. In addition, the results highlight the role of income distribution as a transmission
mechanism of foreign shocks, which was an important characteristic for the long-run behavior
of output growth in some scenarios. In order to explore how the foreign shocks affect different
economic structures, in this section we explore the model results for scenarios with different
values of key parameters capturing the determinants of income distribution and the relation
between the domestic economy and the foreign sector: the sensitivity of the mark-up rate to
changes in unit labor costs (parameter ν3 in equation 2.14), the sensitivity of the mark-up rate to
the growth rate of exports (parameter ν5 in equation 2.17), the sensitivity of exporters’ market
share of the foreign market to price competitiveness (parameter ι3 in equation 2.19), and the
sensitivity of the foreign sector’s market share of the domestic market to price competitiveness
(parameter ι5 in equation 2.28). These parameters influence the dynamics of the social conflict
over the income distribution and, thus, represent transmission mechanisms of the foreign shocks
that are key for the inequality dynamics. For each parameter value, we estimate a scenario in
which there are no shocks, a scenario in which there is a shock in the foreign output growth rate
equal to +0.004, and a scenario in which there is a shock in the foreign inflation rate equal to
+0.025. When the shocks are applied, they last from period 50 to 150 of the considered simulation
periods (i.e., after the transient phase). The different values of the structural parameters are
reported in table 2.7.33

Table 2.7: Design of experiments (structural parameters)

Experiment Parameter Description Values

5 ν3 sensitivity of mark-up rate to unit labor costs 0, 0.1, 0.2
6 ν5 sensitivity of the mark-up rate to the growth rate of exports 0, 0.2, 0.4
7 ι3 sensitivity of exporters’ market share of foreign market to price competitiveness 0.6, 0.8, 1
8 ι5 sensitivity of the foreign sector’s market share of domestic market to price competitiveness 0.6, 0.8, 1

Note: Source: author’s own elaboration.

Tables 2.8 to 2.11 report the effects of shocks on the foreign growth rate and inflation
rate on the scenarios with different values of ν3, ν5, ι3, and ι5 respectively. Overall, the effect
on income distribution is on the same direction as that reported in the experiments in section
2.5: positive shocks on gx are associated with a higher wage share and a lower income Gini
coefficient in the long run (but no significant effect in the short run), while positive shocks on
p̂x tend to be associated with a lower wage share and a higher income Gini coefficient in the
short run (with only a few cases in which the difference is significant in the long run). In terms
33Note that the intermediate value of the parameters is that of the baseline scenario. Given the scope of our work,

this section’s research question does not concern the effect of each parameter by itself, but rather how foreign
shocks propagate in different economic structures. Therefore, our analysis does not consist on the comparison
between the average values for each parameter while keeping the shocks constant.
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of the magnitude of the effects, the shocks on gx tend to lead to a larger increase of the wage
share and smaller decrease of the Gini coefficient in the long run when ν3 is higher, which is
expected because mark-ups become more sensitive to the increasing unit costs. Conversely, the
higher values of ι3 and ι5 tend to reduce the magnitude of the distributive impacts of the shocks
on gx, while ν5 presents a non-linear effect. With respect to the shocks on p̂x, only in a few
parameters settings the distributive impact persists in the period after the shock: when ν3 = 0,
ν5 = 0, and ι5 = 0.6 . This suggests that low values of these parameters tend to deactivate
mechanisms that compensated the worsening in income inequality that was observed during
the shock and that contributed to the convergence of the values after the shock in the direction
of the scenario with no shock. Nevertheless, some of the parameters do have a clear effect
on income distribution during the period of the shock on p̂x. Inequality tends to increase less
when ν3 is higher, indicating that if the mark-ups are more sensitive to unit costs, the increase in
employment rates and in workers’ bargaining power may partially counteract the mechanisms
that tend to concentrate income after such shock. A similar setting is observed when ι5 increases,
because the foreign sector’s loss of competitiveness implies larger decreases in unemployment
rates when its market share is more sensitive to price competitiveness and there is an increase in
p̂x, which tends to increase workers’ bargaining power and thus compensates part of the tendency
of worsening in income distribution.

Table 2.8: Summary statistics for shocks on gx and p̂x for different values of parameter ν3

Shock on gx
Parameter 0 0.1 0.2

Shock 0 +0.004 0 +0.004 0 +0.004

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0077 1.0680 0.0468 1.0230 0.4286 0.0076 1.1260 0.0004 1.0383 0.1934 0.0080 1.0918 0.0015 1.0343 0.1820
Unemployment rate 0.2030 0.8622 0.0000 0.8314 0.0000 0.1888 0.8581 0.0000 0.8350 0.0000 0.1888 0.8360 0.0000 0.7981 0.0000
Inflation rate 0.0045 1.3884 0.0000 1.1974 0.0009 0.0046 1.2383 0.0003 1.1534 0.0073 0.0042 1.3753 0.0000 1.2256 0.0007
Interest rate 0.0071 1.3144 0.0000 1.2154 0.0000 0.0068 1.2200 0.0000 1.1686 0.0001 0.0064 1.3206 0.0000 1.2293 0.0000
Wage share 0.6213 0.9991 0.8667 1.0067 0.1535 0.6394 1.0017 0.7129 1.0110 0.0086 0.6480 1.0076 0.3314 1.0220 0.0059
Income Gini 0.3886 1.0092 0.3142 0.9824 0.0504 0.3705 0.9985 0.8684 0.9635 0.0001 0.3589 0.9889 0.4374 0.9437 0.0003
Market share exports 0.0025 0.9055 0.2375 0.6466 0.0000 0.0024 0.9194 0.3122 0.6807 0.0001 0.0027 0.9178 0.2784 0.6869 0.0001
Market share imports 0.2082 1.0503 0.3985 1.1969 0.0006 0.2204 1.0371 0.4764 1.1542 0.0016 0.1974 1.0648 0.3346 1.2120 0.0010
Domestic consumption share of output 0.7945 0.9882 0.1545 1.0355 0.0001 0.7977 0.9899 0.2138 1.0343 0.0001 0.7928 0.9904 0.2212 1.0352 0.0001
Exports share of output 0.1497 1.0676 0.1070 0.8241 0.0002 0.1473 1.0593 0.1609 0.8251 0.0002 0.1521 1.0548 0.1615 0.8286 0.0002
Imports share of output 0.2313 1.0499 0.4914 1.2757 0.0001 0.2464 1.0388 0.5455 1.2243 0.0004 0.2180 1.0694 0.3873 1.2905 0.0003

Shock on p̂x
Parameter 0 0.1 0.2

Shock 0 +0.025 0 +0.025 0 +0.025

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0077 1.0693 0.0280 0.9912 0.7602 0.0076 1.1679 0.0000 1.0296 0.2949 0.0080 1.1763 0.0000 1.0112 0.6206
Unemployment rate 0.2030 0.8605 0.0000 0.8758 0.0000 0.1888 0.8659 0.0000 0.8691 0.0000 0.1888 0.8454 0.0000 0.8825 0.0003
Inflation rate 0.0045 2.7696 0.0000 1.3279 0.0000 0.0046 2.6360 0.0000 1.3672 0.0000 0.0042 2.6806 0.0000 1.4037 0.0000
Interest rate 0.0071 2.3963 0.0000 1.3211 0.0000 0.0068 2.3469 0.0000 1.3825 0.0000 0.0064 2.3690 0.0000 1.3934 0.0000
Wage share 0.6213 0.9661 0.0000 0.9723 0.0004 0.6394 0.9788 0.0068 0.9898 0.1953 0.6480 0.9804 0.0781 0.9906 0.4084
Income Gini 0.3886 1.0940 0.0000 1.0519 0.0001 0.3705 1.0712 0.0000 1.0201 0.1475 0.3589 1.0595 0.0018 1.0164 0.4329
Market share exports 0.0025 1.1986 0.0139 1.1406 0.0985 0.0024 1.2627 0.0010 1.2345 0.0062 0.0027 1.2237 0.0020 1.2548 0.0009
Market share imports 0.2082 0.8392 0.0117 0.8710 0.0475 0.2204 0.8229 0.0016 0.8319 0.0040 0.1974 0.8078 0.0048 0.7613 0.0008
Domestic consumption share of output 0.7945 0.9534 0.0000 0.9740 0.0015 0.7977 0.9524 0.0000 0.9713 0.0003 0.7928 0.9599 0.0000 0.9757 0.0008
Exports share of output 0.1497 1.2503 0.0000 1.1415 0.0007 0.1473 1.2571 0.0000 1.1584 0.0001 0.1521 1.2090 0.0000 1.1287 0.0004
Imports share of output 0.2313 0.7883 0.0040 0.8511 0.0517 0.2464 0.7670 0.0003 0.8042 0.0044 0.2180 0.7497 0.0012 0.7241 0.0007

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to scenario with no shock.
Source: author’s own elaboration based on simulation results.



118
Table 2.9: Summary statistics for shocks on gx and p̂x for different values of parameter ν5

Shock on gx
Parameter 0 0.2 0.4

Shock 0 +0.004 0 +0.004 0 +0.004

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0078 1.0583 0.0700 1.0073 0.7701 0.0076 1.1260 0.0004 1.0383 0.1934 0.0075 1.0987 0.0081 1.0335 0.2731
Unemployment rate 0.1977 0.8538 0.0000 0.8117 0.0000 0.1888 0.8581 0.0000 0.8350 0.0000 0.1933 0.8489 0.0000 0.8342 0.0000
Inflation rate 0.0045 1.3596 0.0000 1.2192 0.0002 0.0046 1.2383 0.0003 1.1534 0.0073 0.0045 1.3302 0.0000 1.2089 0.0007
Interest rate 0.0067 1.2940 0.0000 1.2476 0.0000 0.0068 1.2200 0.0000 1.1686 0.0001 0.0068 1.2805 0.0000 1.2197 0.0000
Wage share 0.6350 1.0026 0.6989 1.0130 0.0424 0.6394 1.0017 0.7129 1.0110 0.0086 0.6340 1.0037 0.5370 1.0165 0.0017
Income Gini 0.3751 0.9983 0.8815 0.9699 0.0110 0.3705 0.9985 0.8684 0.9635 0.0001 0.3760 0.9958 0.6861 0.9626 0.0002
Market share exports 0.0028 0.9245 0.3091 0.6737 0.0000 0.0024 0.9194 0.3122 0.6807 0.0001 0.0025 0.9178 0.3363 0.6853 0.0003
Market share imports 0.1957 1.0584 0.3654 1.2245 0.0004 0.2204 1.0371 0.4764 1.1542 0.0016 0.2123 1.0472 0.4178 1.1585 0.0046
Domestic consumption share of output 0.7875 0.9884 0.1561 1.0350 0.0002 0.7977 0.9899 0.2138 1.0343 0.0001 0.8002 0.9897 0.2069 1.0309 0.0007
Exports share of output 0.1569 1.0634 0.1056 0.8365 0.0003 0.1473 1.0593 0.1609 0.8251 0.0002 0.1447 1.0625 0.1472 0.8391 0.0009
Imports share of output 0.2132 1.0606 0.4422 1.3171 0.0001 0.2464 1.0388 0.5455 1.2243 0.0004 0.2379 1.0478 0.4966 1.2246 0.0014

Shock on p̂x
Parameter 0 0.2 0.4

Shock 0 +0.025 0 +0.025 0 +0.025

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0078 1.1116 0.0004 1.0175 0.5204 0.0076 1.1679 0.0000 1.0296 0.2949 0.0075 1.1542 0.0000 1.0606 0.0545
Unemployment rate 0.1977 0.8440 0.0000 0.8612 0.0000 0.1888 0.8659 0.0000 0.8691 0.0000 0.1933 0.8461 0.0000 0.8680 0.0000
Inflation rate 0.0045 2.7699 0.0000 1.3534 0.0000 0.0046 2.6360 0.0000 1.3672 0.0000 0.0045 2.6041 0.0000 1.3349 0.0000
Interest rate 0.0067 2.4905 0.0000 1.3818 0.0000 0.0068 2.3469 0.0000 1.3825 0.0000 0.0068 2.3190 0.0000 1.3431 0.0000
Wage share 0.6350 0.9742 0.0095 0.9840 0.0906 0.6394 0.9788 0.0068 0.9898 0.1953 0.6340 0.9753 0.0080 0.9857 0.1184
Income Gini 0.3751 1.0779 0.0000 1.0309 0.0577 0.3705 1.0712 0.0000 1.0201 0.1475 0.3760 1.0745 0.0000 1.0219 0.1676
Market share exports 0.0028 1.2064 0.0045 1.1776 0.0239 0.0024 1.2627 0.0010 1.2345 0.0062 0.0025 1.2194 0.0098 1.2109 0.0207
Market share imports 0.1957 0.8259 0.0097 0.8319 0.0163 0.2204 0.8229 0.0016 0.8319 0.0040 0.2123 0.8422 0.0106 0.8415 0.0149
Domestic consumption share of output 0.7875 0.9566 0.0000 0.9784 0.0090 0.7977 0.9524 0.0000 0.9713 0.0003 0.8002 0.9567 0.0000 0.9771 0.0041
Exports share of output 0.1569 1.2203 0.0000 1.1127 0.0049 0.1473 1.2571 0.0000 1.1584 0.0001 0.1447 1.2411 0.0000 1.1297 0.0022
Imports share of output 0.2132 0.7733 0.0037 0.8165 0.0272 0.2464 0.7670 0.0003 0.8042 0.0044 0.2379 0.7909 0.0033 0.8227 0.0192

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to scenario with no shock.
Source: author’s own elaboration based on simulation results.

Also in the case of the output growth rate the main properties observed in section
2.5 are observed in the scenarios with the different parameter values, so both types of shocks
lead to a higher output growth rate during the shock, since they stimulate output growth. Yet,
since in most cases this effect is not sustained in the period after the shock, in general both
shocks have solely a level effect on output.34 While the ν3 and ν5 parameters present a non-linear
relation with the magnitude of the effect of gx on the output growth rate during the shock, ν3

tends to increase the magnitude of the effect on p̂x and ν5 also presents a non-linear effect. Also
the parameters ι3 and ι5 present a non-linear relation with the magnitude of the effect of the
shocks on p̂x on the output growth rate during the shock, and the same is observed for the ι5
parameter’s effect on the magnitude of the effect of the shocks on gx on the output growth rate.
Additionally, increases in the ι5 parameter tend to increase the output growth rate during the
period of the shock on gx, and when ι5 = 1 a higher output growth rate is obtained even after
the shock is over, indicating that domestic demand is able to induce a higher output growth rate
when exports growth decreases. This highlights the interplay between domestic consumption,
which is stimulated by income redistribution, and the international competitiveness identified in
section 2.5.
34In case of a level effect, the output growth rate is only temporarily (i.e., during the shock, when the foreign

stimulus is active) different from that observed for the scenario with no shock and is not statistically different
from it after the shock.
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Table 2.10: Summary statistics for shocks on gx and p̂x for different values of parameter ι3

Shock on gx
Parameter 0.6 0.8 1

Shock 0 +0.004 0 +0.004 0 +0.004

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0079 1.1105 0.0007 1.0204 0.4685 0.0076 1.1260 0.0004 1.0383 0.1934 0.0076 1.1341 0.0004 1.0723 0.0205
Unemployment rate 0.1802 0.8282 0.0000 0.8256 0.0000 0.1888 0.8581 0.0000 0.8350 0.0000 0.1945 0.8764 0.0000 0.8699 0.0000
Inflation rate 0.0051 1.3341 0.0000 1.1614 0.0062 0.0046 1.2383 0.0003 1.1534 0.0073 0.0043 1.2354 0.0004 1.0746 0.1479
Interest rate 0.0077 1.3118 0.0000 1.1652 0.0002 0.0068 1.2200 0.0000 1.1686 0.0001 0.0063 1.2351 0.0000 1.1419 0.0002
Wage share 0.6384 1.0051 0.2859 1.0125 0.0074 0.6394 1.0017 0.7129 1.0110 0.0086 0.6393 1.0035 0.4584 1.0104 0.0249
Income Gini 0.3695 0.9973 0.7808 0.9621 0.0002 0.3705 0.9985 0.8684 0.9635 0.0001 0.3702 0.9949 0.5834 0.9671 0.0005
Market share exports 0.0023 0.9196 0.3340 0.6666 0.0001 0.0024 0.9194 0.3122 0.6807 0.0001 0.0023 0.9093 0.2811 0.6753 0.0001
Market share imports 0.2213 1.0545 0.3352 1.1594 0.0028 0.2204 1.0371 0.4764 1.1542 0.0016 0.2203 1.0479 0.3379 1.1539 0.0012
Domestic consumption share of output 0.8056 0.9893 0.2355 1.0352 0.0002 0.7977 0.9899 0.2138 1.0343 0.0001 0.7947 0.9916 0.2403 1.0369 0.0000
Exports share of output 0.1397 1.0677 0.1751 0.8084 0.0003 0.1473 1.0593 0.1609 0.8251 0.0002 0.1500 1.0470 0.1939 0.8128 0.0000
Imports share of output 0.2535 1.0543 0.4297 1.2189 0.0010 0.2464 1.0388 0.5455 1.2243 0.0004 0.2439 1.0525 0.3865 1.2278 0.0002

Shock on p̂x
Parameter 0.6 0.8 1

Shock 0 +0.025 0 +0.025 0 +0.025

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0079 1.0915 0.0035 1.0249 0.3030 0.0076 1.1679 0.0000 1.0296 0.2949 0.0076 1.1200 0.0001 0.9959 0.8816
Unemployment rate 0.1802 0.8670 0.0002 0.9259 0.0378 0.1888 0.8659 0.0000 0.8691 0.0000 0.1945 0.8154 0.0000 0.8543 0.0000
Inflation rate 0.0051 2.2808 0.0000 1.2733 0.0000 0.0046 2.6360 0.0000 1.3672 0.0000 0.0043 3.0505 0.0000 1.4793 0.0000
Interest rate 0.0077 2.0314 0.0000 1.2703 0.0000 0.0068 2.3469 0.0000 1.3825 0.0000 0.0063 2.7196 0.0000 1.4631 0.0000
Wage share 0.6384 0.9829 0.0248 0.9876 0.1078 0.6394 0.9788 0.0068 0.9898 0.1953 0.6393 0.9833 0.0281 0.9951 0.5084
Income Gini 0.3695 1.0581 0.0000 1.0212 0.1476 0.3705 1.0712 0.0000 1.0201 0.1475 0.3702 1.0727 0.0000 1.0131 0.3321
Market share exports 0.0023 1.2123 0.0101 1.2344 0.0083 0.0024 1.2627 0.0010 1.2345 0.0062 0.0023 1.2770 0.0011 1.2152 0.0193
Market share imports 0.2213 0.8812 0.0531 0.8264 0.0058 0.2204 0.8229 0.0016 0.8319 0.0040 0.2203 0.8395 0.0025 0.8591 0.0122
Domestic consumption share of output 0.8056 0.9603 0.0000 0.9758 0.0057 0.7977 0.9524 0.0000 0.9713 0.0003 0.7947 0.9443 0.0000 0.9748 0.0006
Exports share of output 0.1397 1.2299 0.0000 1.1398 0.0038 0.1473 1.2571 0.0000 1.1584 0.0001 0.1500 1.2969 0.0000 1.1378 0.0002
Imports share of output 0.2535 0.8398 0.0234 0.8014 0.0071 0.2464 0.7670 0.0003 0.8042 0.0044 0.2439 0.7720 0.0002 0.8360 0.0130

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to scenario with no shock.
Source: author’s own elaboration based on simulation results.
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Table 2.11: Summary statistics for shocks on gx and p̂x for different values of parameter ι5

Shock on gx
Parameter 0.6 0.8 1

Shock 0 +0.004 0 +0.004 0 +0.004

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0078 1.0847 0.0044 1.0312 0.2586 0.0077 1.1125 0.0017 1.0259 0.3818 0.0079 1.0607 0.0675 1.0148 0.6184
Unemployment rate 0.1982 0.8555 3e-04 0.8117 0 0.1856 0.8728 0 0.8494 0 0.1882 0.8777 0 0.8569 0
Inflation rate 0.0045 1.2553 1e-04 1.1101 0.0939 0.0046 1.238 3e-04 1.1531 0.0087 0.0045 1.3389 0 1.1499 0.0075
Interest rate 0.0068 1.1977 1e-04 1.1251 0.0077 0.0069 1.2072 0 1.1563 2e-04 0.0069 1.2599 0 1.1619 0
Wage share 0.6207 1.0046 0.7166 1.023 0.0498 0.6392 1.002 0.6829 1.0112 0.0108 0.644 1.0015 0.4994 1.0096 0
Income Gini 0.3893 0.9956 0.8406 0.9552 0.0327 0.3701 0.9996 0.9669 0.9646 2e-04 0.3647 1.0026 0.6179 0.9744 0
Market share exports 0.0024 0.9468 0.5425 0.7034 0.001 0.0023 0.9423 0.4909 0.6978 4e-04 0.0026 0.946 0.4456 0.6815 0
Market share imports 0.2091 1.027 0.6515 1.1632 0.0047 0.2234 1.0233 0.6561 1.1389 0.0048 0.2115 1.0431 0.4263 1.2035 1e-04
Domestic consumption share of output 0.7908 0.9825 0.1507 1.0313 0.0142 0.8017 0.9849 0.0723 1.0291 0.0015 0.7958 0.9823 0.0124 1.0268 8e-04
Exports share of output 0.1533 1.095 0.1133 0.8515 0.0187 0.1435 1.0875 0.0521 0.8471 0.002 0.1491 1.0981 0.007 0.8666 0.0012
Imports share of output 0.2346 1.0168 0.8193 1.2253 0.0021 0.2522 1.0147 0.8185 1.1959 0.0018 0.2337 1.03 0.6558 1.2683 0

Shock on p̂x
Parameter 0.6 0.8 1

Shock 0 +0.025 0 +0.025 0 +0.025

Period Total During After Total During After Total During After

Variable Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val Avg. Ratio p-val Ratio p-val

Output growth rate 0.0077 1.1290 0.0000 1.0140 0.5706 0.0076 1.1679 0.0000 1.0296 0.2949 0.0079 1.1261 0.0004 1.0118 0.6325
Unemployment rate 0.2013 0.9222 0.0670 0.9280 0.0990 0.1888 0.8659 0.0000 0.8691 0.0000 0.1910 0.8114 0.0000 0.8488 0.0000
Inflation rate 0.0046 2.5549 0.0000 1.2740 0.0000 0.0046 2.6360 0.0000 1.3672 0.0000 0.0045 2.8044 0.0000 1.3809 0.0000
Interest rate 0.0069 2.2747 0.0000 1.2743 0.0000 0.0068 2.3469 0.0000 1.3825 0.0000 0.0068 2.5080 0.0000 1.3953 0.0000
Wage share 0.6223 0.9572 0.0134 0.9598 0.0212 0.6394 0.9788 0.0068 0.9898 0.1953 0.6437 0.9864 0.0009 1.0016 0.6865
Income Gini 0.3886 1.0948 0.0006 1.0668 0.0224 0.3705 1.0712 0.0000 1.0201 0.1475 0.3654 1.0645 0.0000 0.9991 0.9049
Market share exports 0.0025 1.2288 0.0059 1.2431 0.0052 0.0024 1.2627 0.0010 1.2345 0.0062 0.0026 1.2340 0.0006 1.2044 0.0050
Market share imports 0.2070 0.8429 0.0097 0.8256 0.0056 0.2204 0.8229 0.0016 0.8319 0.0040 0.2090 0.7949 0.0005 0.8259 0.0036
Domestic consumption share of output 0.7878 0.9507 0.0000 0.9586 0.0003 0.7977 0.9524 0.0000 0.9713 0.0003 0.7923 0.9556 0.0000 0.9792 0.0013
Exports share of output 0.1562 1.2453 0.0000 1.2084 0.0002 0.1473 1.2571 0.0000 1.1584 0.0001 0.1524 1.2338 0.0000 1.1130 0.0005
Imports share of output 0.2298 0.7865 0.0028 0.7887 0.0050 0.2464 0.7670 0.0003 0.8042 0.0044 0.2287 0.7396 0.0001 0.7949 0.0039

Note: Averages across 100 Monte Carlo runs for each scenario. Ratios with respect to scenario with no shock.
Source: author’s own elaboration based on simulation results.

2.7 Conclusions

This chapter compared the effects of two shocks that frequently affect open economies.
In general, external shocks on open economies are analyzed through their effects on the output
dynamics of the domestic economy or, as in the more recent literature, on income distribution.
By dealing simultaneously with these two dimensions and relating them to the inflation dynamics,
we also explore how income distribution can be one of the many mechanisms through which
external shocks affect the macroeconomic dynamics of open economies.

Our results indicate that both demand and price shocks have a positive effect on the
domestic output level and growth rates since they stimulate exports. They are also associated
with higher inflation rates, but while in both cases the lower unemployment rate is a factor
inducing higher inflation rates (as it strengthens the distributive conflict), in the second case there
is also an important imported inflation component. In this sense, the model is able to capture two
important factors driving inflation rates in open economies.

The distributive implications of these shocks differ considerably. In the case of a
shock on gx, the increase in economic activity and the nominal and real currency appreciations
tend to favor the lower classes and more equality in the functional and personal income distri-
bution is achieved. This contributes to a shift in demand towards domestic demand as lower
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classes present a higher propensity to consume, which contributes to sustaining the output levels
even when the period of higher gx ends. A shock on the foreign inflation rate, by having a direct
effect on the real exchange rate, stimulates domestic output through the gain in international
competitiveness for domestic firms. While this leads to lower unemployment rates and a nominal
exchange rate appreciation, the interplay between these factors tends to benefit firms and high-
income classes relatively more. Consequently, in this case the functional and personal income
distribution are more unequal. Thus, when the shock in p̂x is over, these economies do not have
this positive stimulus from domestic consumption.

In sum, our results contribute to the understanding of the diversity of results from
the empirical literature concerned with the effects of international trade on income distribution.
The comparison between the experiments indicates that the type of external shock that leads
to increases in exports and/or decreases in imports matters for how income distribution will be
affected. Also the structure of the economy (captured through the different parameters discussed
in section 2.6) influences the magnitude and length of the changes in distribution and output
growth. Indeed, the short- and long-run relation between income distribution and output growth
is markedly different depending on the type of foreign shock and the underlying structure of the
economy. Moreover, the results indicate that also the relation between the real exchange rate
and the output dynamics depends on the source of shock driving the changes in the former, with
income distribution being an important factor explaining their relationship.
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Chapter 3

Labor market regulations and redistribu-
tive policies for inclusive growth

3.1 Introduction

The economic policy debate often contrasts different conceptual economic structures
with respect to their implications for key economic variables. While for a long time there was a
focus solely on the output dynamics, more recently there is a growing concern with the harmful
effects of income inequality. This has been especially the case since the 2007/8 economic crisis,
which exposed the negative consequences of income inequality and fostered the economic debate
on the topic (Berg et al., 2018, Ostry et al., 2019, IMF, 2014).

Yet, even if there is a growing concern with income inequality and even an emerging
consensus acknowledging that inequality can be harmful for economic growth (Berg et al., 2018),
there is much less consensus with respect to what type of economic policies and institutions
should be used to alter the income distribution and even less consensus with respect to what
extent income inequality should be reduced. Arguably, there are numerous ways by which the
government can affect the income distribution, be it through redistributive policies (transfers
and taxes) that affect the net income distribution or regulations that affect the wage bargaining
process directly and, thus, the gross income distribution. Yet, since these policies and regulations
are interpreted as sources of rigidities, inefficiencies, or misallocations, many authors believe
that they may prevent the economy from reaching an optimum market equilibrium. This view
has largely derived from contributions that argued in favor of labor market flexibility, such as the
OECD’s (1994) Job Study Report.

Proponents of labor market flexibility argue that any rigidity caused by regulations or
institutions prevents adjustments in the labor market that would reduce unemployment rates. As
argued by Berg (2015), this interpretation is based on the understanding that unemployment is a
problem that arises (and can be potentially solved) in the labor market. Yet, from a Keynesian
perspective, the level of employment is not determined in the labor market, but rather by the
level of aggregate demand.1 This opens the possibility that policies that help to sustain aggregate

1More precisely, the demand for labor is not determined in the labor market and depends on aggregate demand. Yet,
employment does depend on interactions that take place in the labor market after the demand for labor is set.
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demand can be useful to sustaining employment, without the need of removing or reducing
regulations in the labor market. Nevertheless, even from this perspective there is still little
investigation with respect to the effectiveness of the different tools in redistributing income and
to whether the type of policy matters for how changes in inequality affect growth.2

Inspired by this debate, this chapter compares different structures characterized
by different degrees and types of policies and regulations on the distribution of income and
analyzes what are the implications of such policies and regulations for the output and employment
dynamics. The analysis is undertaken within the open economy AB model reported in chapter 2,
so the effects on the domestic economy’s international competitiveness are also captured. This is
important due to the possibility of a higher wage share (when associated with increases in the
price level) leading to a loss of international competitiveness, which can exert a negative impact
on the trade balance and hence on aggregate demand and output (Blecker, 1989). Our analysis of
the contribution of each tool reflects our understanding that these tools cannot be categorized
individually as either good or bad, since their effects depend on their interaction with other tools
and on the specific economic context.

The structure of the chapter is organized to capture the contribution of a set of
policies and regulations in the transition from a pro-market state towards a pro-labor state and,
consequently, compare different understandings with respect to whether and how the government
should endeavor to shape the income distribution of a given economy. We start by discussing
the transition from the pro-market scenario, wherein the government does not rely on any tools
to influence the income distribution, towards the redistributive scenario, wherein redistributive
policies (unemployment benefits and progressive taxation) are progressively added with the aim
of reducing the inequality levels generated by the (unregulated) bargaining process between
agents in the labor market. Yet, in the redistributive scenario the government still does not
rely on labor market regulations to avoid efficiency losses. Then, we move from the redistribu-
tive scenario towards the pro-labor scenario, wherein in addition to the redistributive policies
there are also more regulations protecting workers in the wage bargaining process (downward
nominal wage rigidity, an active minimum wage policy, and higher workers’ bargaining power
independently from the employment level). Since our analysis deals with the effects of each
type of labor market regulation and redistributive policy, the results also provide new insights
into the interaction between the policies and their contribution to the main macroeconomic
and distributive variables. Overall, our results show that an equitable society does not result
automatically and spontaneously from market forces, but rather from adequate institutions and
practices created by society (Berg, 2015). At the same time, since these policies tend to sustain

2It should be noted that there is a literature addressing the effect of redistribution on growth but, as emphasized by
Berg et al. (2018), this literature focuses on measures such as taxes and government spending, without necessarily
analyzing how redistribution affects growth indirectly through inequality. This strand of the literature is related
to the effect of fiscal policy, and results indicate that higher tax or subsidy rates hamper growth (Barro, 1990,
Jaimovich and Rebelo, 2012). Yet, the empirical findings in Berg et al. (2018) challenge this view, since they find
that the indirect effect of redistributive policies (through reduced inequality) tend to support and sustain higher
output per capita growth rates (except for very large-scale redistribution).
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aggregate demand, they have a positive effect on the output dynamics and employment levels.
Thus, the transition from the pro-market state towards the pro-labor state generates both equality
and growth.

The complexity economics approach provided by the AB framework has the advan-
tage of capturing the immediate and feedback effects of altering each labor market institution and
redistributive policy. This provides more precise information about the effect of such policies on
the output dynamics and means that the overall comparison between the scenarios is composed
of two sets of effects: a) the direct effect of the policy on macroeconomic variables, and b) the
effect of the policy on inequality, which then affects these macroeconomic variables once again.
In addition, this framework allows us to identify and differentiate what is the relationship of the
macroeconomic variables with income distribution measured through different variables, thus
offering important insights into the role of the personal and functional income distribution. In this
sense, our results also relate to the literature that stresses the importance of the personal income
distribution to output dynamics (Carvalho and Rezai, 2016, Rolim, 2019). We are also able to
provide an overall assessment with respect to the effectiveness of redistributive policies and labor
market regulations in achieving more equality. Our results are thus in line with empirical works
that measure the effectiveness of specific policy instruments to reduce income inequality (Causa
and Hermansen, 2017).

The remaining of this chapter is organized as follows. Section 3.2 presents the related
literature. Section 3.3 discusses the different views on the selected regulations and policies and
shows how they have been implemented in the model structure outlined in chapter 2. Section
3.4 presents and discusses the results of the experiments. Concluding remarks are presented in
section 3.5.

3.2 Related literature

AB models are an important tool for analyzing income distribution and for studying
the effect of policy interventions. Therefore, we find in the literature important contributions
that investigate the effect of specific policies and regulations on the dynamics of inequality and
output.

For instance, Dosi et al. (2018) investigate the role of labor market reforms on
output and inequality. They compare the Fordist regime with the Competitive regime, with the
main difference between them being that in the latter labor market conditions and individual
employment history are crucial to the wage dynamics. Thus, wages become more sensitive to the
unemployment rate and to the labor demand by firms. The results indicate that more flexibility
is associated with more unemployment, lower output growth rates, and more inequality in the
functional and personal income distribution.

Palagi et al. (2017) analyze the relation between fiscal policies and income distri-
bution. The model is subject to exogenous inequality shocks of different intensities that alter
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the share of income accruing to the bottom of the population. The resulting increased inequality
levels are associated with a decrease in aggregate income since households become financially
constrained and cannot maintain the desired consumption level (which is a fixed level in the
model configuration). In addition, the authors explore the effect of these shock in different policy
scenarios, since government spending acts as a parachute against the reduction in household
incomes. The results show that the type of fiscal policy matters for its effectiveness, with more
targeted fiscal policies (such as subsidies to low-income households) being associated with a
higher fiscal multipliers.

Similarly, Caiani et al. (2019b) analyze the effect of redistributive policies on income
distribution and output performance. Their results show that the introduction of a progressive
tax system stimulates output and productivity growth, while also leading to a reduction in the
income inequality. The authors also use the adjustment of middle and low tier workers’ desired
wage as a proxy to the degree of labor market flexibility. They find that when downward wage
adjustments are more likely, there is a reduction in real output and an increase in income and
wealth inequality levels. Overall, their results suggest that despite a progressive tax system being
effective in redistributing income, a labor market framework that protects workers provides a
significant improvement to such result.

Finally, Seppecher (2012) deals with the macroeconomic and distributive implica-
tions of wage flexibility and the effect of the minimum wage. The author shows that more wage
flexibility can create a deflationary spiral by which an initial decrease in nominal wages leads to
a cycle of lower aggregate demand, lower prices, lower production, and higher unemployment
rates, which trigger new nominal wage cuts. Since in this framework wages decrease faster than
profits, there is also an increase in the profit share. In addition, the results indicate that in the
existence of a minimum wage (introduced a few periods after the wage flexibility shock), such a
deflationary spiral can be stopped and demand and unemployment recover, while the functional
income distribution returns to that of the baseline scenario. Therefore, the main takeaway from
the set of experiments presented in the paper is the role of nominal wage downward rigidity and
the minimum wage in sustaining aggregate demand levels and contributing to the macroeconomic
stability.

Relative to these previous works, this chapter’s contribution to the literature is
threefold. Firstly, we expand the range of institutional frameworks and policies that lead to
endogenous changes in the income distribution and discuss how they interact with each other.
Secondly, our analysis is undertaken in an open economy structure in which the wage dynamics,
determined by the wage bargaining process put forward in chapter 1, also has implications for
the domestic economy’s international competitiveness. In this sense, an additional (and very
relevant) channel through which changes in the income distribution affect output is considered.
Thirdly, in addition to exploring the effect of each policy in the long run, we also investigate
whether they alter the cyclical (short-run) relation between distribution and economic activity.



126

3.3 Labor market regulations and redistributive policies

In order to explore different frameworks of protection to workers and interference
in the wage bargaining process, we select two types of redistributive policies (unemployment
benefits and progressive taxation) and three types of pro-labor regulations (downward nominal
wage rigidity, an active minimum wage policy, and high sensitivity of workers’ bargaining power
to the employment rate). In what follows, these regulations and policies and their inclusion in
the model outlined in chapter 2 are discussed in detail.

3.3.1 Taxation policy

According to the IMF (2014), redistribution is one of the three main objectives of
fiscal policy and it is explicitly preferred to wage and employment regulations for presumably
compromising less efficiency. It can take the form of provision of public goods, social transfers
or progressive taxation (ILO, 2008). The importance of these tools to redistribute income has
led many analysts to argue that the decrease in the size of social benefits and in the degree of
progressivity of taxation in many economies has caused a reduction in the redistributive impact
of fiscal policy (Gerber et al., 2020, IMF, 2014, OCDE, 2011, Sabirianova Peter et al., 2010).

A progressive tax system can be a complementary tool for redistributing income,
especially by affecting incomes at the upper end of the distribution, while transfers can be more
efficient to affect the bottom of the distribution (Gerber et al., 2020). This system is characterized
by an increasing average tax rate as income rises. In its simplest form, it requires defining the
number of income groups, the difference in the tax rate between the groups, and the income
thresholds dividing the groups. Yet, more complex progressive tax systems can also be based on
the type of income (e.g., profit dividends and wages).3 The relevance of any tax system to the
income distribution largely depends on the pretax distribution, since if income is already evenly
distributed, the measured progressivity of the system will be much lower than what would be
observed if the same system was applied to a more unequal pretax income distribution.4

Progressive taxation can contribute to reducing inequality by having a direct effect
on disposable incomes (IMF, 2014). While this leads to a reduction in the net income inequality,
there is also evidence that progressive taxation affects gross income inequality and leads to a

3Since capital incomes are often taxed at lower rates than labor income (Gerber et al., 2020), tax systems based on
the type of income may be regressive.

4This relates to the so-called median-voter hypothesis, according to which if inequality is higher the median-voter
will be relatively poorer and thus more supportive of redistributive policies (Meltzer and Richard, 1981). Although
there is evidence that more unequal countries redistribute more to the poor, this does not necessarily mean that
the middle class is a net beneficiary of redistributive polices, which puts this hypothesis into question (Milanovic,
2000). Indeed, the differences in pretax distribution may offer an explanation for the relation between inequality
levels and redistributive policies. To disentangle empirically the effect of pretax distribution from the progressivity
of the tax system, Gerber et al. (2020) suggest a new measure of the progressive capacity of the tax system. In
line with previous works (Sabirianova Peter et al., 2010), this new measure captures a decrease in income tax
progressivity in the 1980s and 1990s.
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reduction in the gross income Gini coefficient (Gerber et al., 2020). A key concern in conventional
analyses is that progressive taxation may cause a distortion in the economic system and thus
affect negatively economic growth, but there is no evidence that reducing the progressivity of the
tax system induces higher growth rates (Gerber et al., 2020). The findings by Berg et al. (2018)
go in the same direction by showing that redistributive policies (taxation and transfers) can be
benign for growth.

In the model, we introduce two types of systems for income taxation.5 In the flat tax
system, all households pay the same tax rate τ and the unemployment benefit is tax-exempted.6

In the progressive tax system, there are three tax groups that are divided according to the their
average income levels: incomes up to one minimum wage and the unemployment dole are
tax-exempt, while incomes above the minimum wage are divided into two tax systems. The
amount of income above the minimum wage and up to nmw > 1 multiples of the minimum wage
is taxed at the low tax rate (τ lowt ) and the amount above nmw multiples of the minimum wage is
taxed at the high tax rate (τhight ). In order to isolate the effect of different compositions in the tax
revenue, which is the aim of progressive taxation, from the effect of different levels of the tax
rate, we assume that the tax rates in the progressive tax system are set so that the average tax
rate out of wages and profits is equal to τ .7 Accordingly, given the desired difference in the tax
rates (τ dif ) and the income threshold separating the low- and high-tax rate groups, we have the
following tax rates for each group respectively:

τ lowt =
τ − τ dif (Y high,$

H,t−1 /Y
$
H,t−1)

(Y low,$
H,t−1 + Y high,$

H,t−1 )/Y $
H,t−1

(3.1)

τhight = τ lowt + τ dif (3.2)

where Y low,$
H,t−1 and Y high,$

H,t−1 are the aggregate profit and labor incomes taxed at the low tax rate and
at the high tax rate respectively and Y $

H,t−1 is the total profit and labor incomes (all referring
to the previous period). Note that Y $

H,t−1 − Y
low,$
H,t−1 − Y

high,$
H,t−1 is the amount of profit and labor

incomes that is tax-exempted.

3.3.2 Transfers

Transfers are another type of fiscal policy tool used to redistribute income. Since
they have a direct influence on low-income households, they tend to contribute more to reducing
inequality than taxes (ILO, 2008, IMF, 2014, Mahler and Jesuit, 2006). Indeed, while transfers
(in particular conditional cash transfers) were a key factor reducing inequality in Latin America in

5Admittedly, tax revenues are based on many sources that can also affect the progressivity of taxation. For example,
consumption taxes are known to be regressive (Sabirianova Peter et al., 2010). Nevertheless, for simplicity, in this
chapter we focus on income taxation as a specific type of progressive taxation.

6This tax system considers only wages and profits, since interest payments are taxed at a constant tax rate (τ i) in all
scenarios.

7A similar strategy is adopted in Caiani et al. (2019b).
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the recent years (Berg, 2015), in OCDE countries cuts in transfers are considered the predominant
explanation for the reduction of the redistributive effect of fiscal policy (OCDE, 2011).

In our AB model, this policy tool is represented by the unemployment benefit, which
is a cash transfer from the government to unemployed workers. In the conventional view,
unemployment benefits are perceived as a helpful policy for providing workers’ with an income
when facing temporary unemployment, but also as a disincentive for workers to accept new
job offers, which would increase the time length they spend out of work (Abbring et al., 2005,
Meyer, 2002). As such, it is argued that its duration should not be too long in order to avoid a
negative effect on labor supply (IMF, 2014).

Since unemployment benefits offer an income maintenance to unemployed workers,
the literature finds that they help to smooth their consumption (Meyer, 2002). In macroeconomic
terms, by sustaining consumption levels, unemployment benefits may also be helpful to sustain
higher output levels. In addition, this type of transfer tends to reduce income inequality, since
the benefits are usually lower than wages.8

In order to test what is the effect of unemployment benefits in our economy, we
experiment with different rules for the number of periods a worker is entitled to earn an unem-
ployment benefit when unemployed. The scenarios are as follows: four periods, two periods,
one period, and the absence of unemployment benefits (zero periods). While we have framed the
experiments with progressive taxation to guarantee that the same average tax rate is obtained in
all cases, unemployment benefits inevitably represent an increase in government expenditure.
Thus, in this case, we are also testing the effect of expansionary fiscal policies and the results are
not directly comparable with the progressive tax rate system.

3.3.3 Minimum wage

Minimum wages represent a legal restriction to the wage level in the market. Their
effect on inequality is thus largely determined by their bindingness (Engbom and Moser, 2021),
especially when formalization rates are high. This means that increases in minimum wages
have a direct effect on wages that would have been lower in the absence of this threshold and,
consequently, entail changes in the income distribution through the effect on low-wage workers
(bottom of the income distribution). In addition to this direct effect, the literature has identified
other mechanisms by which the minimum wage affects the wage structure. Minimum wages can
be a reference to wages in the entire wage distribution, such as the case of wages that are equal
to a certain times the minimum wage and, thus, tend to increase proportionally to the minimum
wage (Neri et al., 2001). Nevertheless, even in the informal labor market, where the minimum
wage is not a legal restriction, it can act as a reference value in wage negotiations and thus have

8Meyer (2002) finds evidence supporting the redistributive effect of unemployment benefits, while Jaumotte et al.
(2013) do not find a statistically significant effect of the generosity of unemployment benefits on inequality. It
should be noted that albeit having implications for inequality, the primary aim of this policy is not a redistributive
one, but rather to attenuate fluctuations in workers’ incomes.
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strong implications for the overall income inequality. In the literature, this has been defined as
the "lighthouse" effect of minimum wages (Baltar and Souza, 1979).9

Overall, the "lighthouse" effect of minimum wages on the informal labor market and
on wages above the legal minimum is considered a spillover effect of the minimum wage on the
entire income distribution. Naturally, the effect of minimum wages on distribution depends on the
labor market conditions. If wage negotiations result in wages growing faster than the minimum
wage, it will not be a binding constraint. If that is not the case, on the other hand, minimum
wages will be more important to shaping of the income distribution. Thus, the effectiveness of
the minimum wage also depends on how it is determined and on how it interacts with other labor
market regulations and policies that influence the wage negotiation process. Also, government
transfers that are associated to the minimum wage (for instance, unemployment benefits) will be
affected by the dynamics of the latter and, consequently, can be a mechanism through which it
affects the income distribution.

Since the overall effect of the minimum wage on the income structure will depend
on its bindingness and on these spillover effects, the literature finds a diversity in the magnitude
of the effect of the minimum wage across countries.10 Yet, despite of the different magnitudes, it
tends to find that minimum wages reduce inequality (Autor et al., 2016, Lee, 1999a), without
significant changes in employment levels (Card and Krueger, 1995, Dube, 2019, Engbom and
Moser, 2021, Rutkowski, 2003).

In our experiments, we test two different types of rules for the revision of the value of
the minimum wage. In the active rule, the minimum wage is set so that the real minimum wage
grows at the same rate as the average productivity growth. Therefore, the nominal minimum
wage is corrected by the inflation rate and the average productivity growth rate from the previous
period. In the passive rule, the minimum wage grows at the same rate as the average nominal
wage growth in the economy.11 Thus, while in the active rule there is an autonomous source
of increase in the minimum wage, meaning that it may lead the wage negotiation process, the
passive rule keeps a constant ratio between the minimum and average wages so that the minimum
wage is a less efficient instrument to induce changes in wage distribution and lags the dynamics
determined by the wage negotiations.12 Nevertheless, even in the active rule the minimum wage
may be lagging the nominal wage if workers’ bargaining power is strong enough to secure real
wage growth above productivity growth.

9Depending on the structure of the economy and the institutional framework, minimum wages can be more effective
in the informal labor market than in the formal labor market (Neri et al., 2001).

10For instance, spillover effects are relatively stronger in Brazil (up to the 90th percentile) than in the U.S. (up to the
20th percentile) (Autor et al., 2016, Engbom and Moser, 2021).

11In both cases, the minimum wage cannot be adjusted downward when there is also downward nominal wage
rigidity.

12This has been the case in France, for instance, wherein the causality ran from general wage settings to the minimum
wage (Freeman, 1996).
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3.3.4 Workers’ bargaining power

In addition to the low minimum wage adjustments, Jaumotte and Buitron (2015)
argue that the most important labor market institution for the recent inequality dynamics has
been the decrease in union density.13 The literature stresses three main effects of unions on wage
inequality (Card et al., 2004, Freeman, 1980, Freeman and Medoff, 1979). Firstly, by negotiating
a standard wage rate across and within firms, they tend to reduce the wage dispersion within the
unionized sector. Secondly, by negotiating a higher wage level for organized workers, they tend
to increase the wage difference between unionized and nonunionized workers. Finally, because
union members usually are “blue-collar” workers, who earn less than “white-collar” workers,
unions tend to reduce the wage gap between the former and the latter. From the first and third
effect, one would expect unions to decrease wage inequality, while the second effect is expected
to increase wage inequality. While the overall effect is theoretically ambiguous, the empirical
evidence shows that the negative effects of unions on wage inequality compensates the positive
effect, so unions usually tend to reduce wage inequality (Card et al., 2004, Freeman, 1980).14

When it comes to the effect of unions on income inequality, additional aspects
are taken into consideration (Herzer, 2016). Naturally, it depends on how unions affect wage
dispersion and, as mentioned, they tend to reduce it. Yet, it also depends on whether unions
have an impact on employment and thus affect the proportion of people receiving unemployment
benefits (which tend to be lower than wages). This effect is considered ambiguous. The impact of
unions on wages and employment also determines its effect on the wage share, which is another
channel through which income distribution is affected. As capital income is more unequally
distributed than wage income (Glyn, 2011), an increase in the wage share is expected to decrease
income inequality. Finally, unions can influence redistributive policies in the political arena.
Thus, unions can have ambiguous effects on income inequality and empirical studies tend to find
mixed results. Herzer (2016), for instance, shows that for a sample of 20 countries from 1986 to
2010, union density was negatively associated with income inequality in the long run, but there
is considerable heterogeneity across countries and this relation was positive for 40% of the cases.

In our model we proxy the degree of union density (or collective agreements) through
the parameter capturing the sensitivity of workers’ bargaining power to the employment rate.15

This proxy connects the wage desired by workers to that set by firms and thus captures the idea
that unions provide workers with a vehicle for collective voice (Freeman and Medoff, 1979).
Formally, this is captured through the φ parameter in equation 3.3, which indicates how close the
wage set by firms gets to the wage desired by workers:

13It should be noted that the findings by the ILO (2008, ch. 3) with respect to union density provide a different view:
while union density and collective bargaining coverage explain differences in inequality across countries, they do
not have a statistically significant effect in explaining changes within countries through time.

14In a study that investigates the effects for both men and women, Card et al. (2004) find that this effect is clearer
for men than for women.

15In the AB models literature, also Dosi et al. (2018) use a proxy for labor unions. For a model that explicitly
models labor unions, see Dosi et al. (2021).
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wj,$f,t = (1− φηt)wj,d,$f,t + φηtw
j,s,$
f,t (3.3)

where 1 > φ > 0 is a fixed parameter capturing the sensitivity of workers’ bargaining power
to the employment rate (ηt), w

j,d,$
f,t is the wage desired by firms, and wj,s,$f,t is the wage desired

by workers (assessed through a random survey). In this framework, φηt is workers’ bargaining
power, which consists of a fixed component (φ) that can be interpreted as the structural strength
of unions or workers in a given context and a variable (and cyclical) component that depends
on the employment rate (ηt) and that captures the idea that individual and collective bargaining
power weakens when unemployment increases (Berg, 2015, Blanchflower and Oswald, 1994).
Overall, this framework can be considered a proxy to union density for capturing the outcome of
union activity on the wage determination process, among other factors.16

3.3.5 Downward nominal wage rigidity

Downward nominal wage rigidity may occur because workers do not accept reduc-
tions in nominal wages or because institutional regulations restrict this practice. It is argued that
cutting nominal wages reduces workers’ morale, leads to resistance, and can lead to adverse
selection problems, making it a rare practice by firms (Bewley, 2007, Fabiani et al., 2010).
Similar concerns also affect how firms set wages for newly hired employees: these workers’
wages tend to be as rigid as those of the firms’ current employees because firms aim to follow
internal pay structures due to fairness and efficiency considerations (Galuscak et al., 2012).
On the institutional side, labor market regulations or collective agreements can be a source of
downward nominal wage rigidity.

In more conventional economic approaches, downward nominal wage rigidity is
considered to prevent efficient labor market adjustments during recessions. It is assumed that
rigid nominal wages prevent workers from adjusting to recessions, especially if that occurs in
a context of low inflation rates.17 Consequently, workers do not look for jobs in other sectors
for not facing a wage reduction and firms delay creating new job positions when the situation
improves due to the high costs associated with doing so (Daly et al., 2012). In line with this
theoretical framework, many authors associate recent unemployment experiences with the large
presence of downward nominal wage rigidity (Daly et al., 2012, Schmitt-Grohé and Uribe,
2013).18

16For instance, this framework allows wages to follow more closely the inflation rate, which is one of the effects of
stronger unions (Dickens et al., 2007).

17Low inflation rates with rigid nominal wages entail rigidity also in real wages, so workers do not experience a loss
in their purchasing power.

18There is an ongoing debate with respect to the prevalence of downward nominal wage rigidity. Noting that most
of the evidence on this phenomenon is based on the U.S. economy, Jardim et al. (2019) argue that the data used in
these studies may overestimate this type of rigidity and find more evidence supporting nominal wage cuts using
an alternative database for Washington state. On the other hand, for the European Union countries, which have
stronger regulation, there is robust evidence that wage cuts are very rare (Fabiani et al., 2010).
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Nominal wage flexibility can, nonetheless, introduce wage disparities since workers’

exposure to business cycle fluctuations is very heterogeneous, with low-wage workers’ em-
ployment rates fluctuating more than that of high-wage workers (Clark and Summers, 1980,
Kydland, 1984). Thus, in recessions nominal wage flexibility may lead to more negative wage
adjustment for groups that already have lower wage levels. Also, in case the reduction in costs
following the reduction in wages is not entirely passed on to prices, it can lead to an increase in
the share of profits, which could also have implications for inequality since profits are earned by
high-income households. These distributive consequences may have implications for the output
and employment dynamics, given that low-income households tend to consume more out of their
income. In this case, and contrary to the conventional view, downward nominal wage rigidity
can be a means to prevent a larger fall in aggregate demand during recessions.

In order to explore the implications of downward nominal wage rigidity for income
distribution and output dynamics, we introduce in the model an institutional regulation that
prohibits nominal wage cuts by firms, while also affecting how workers’ desired wages are
formed and the minimum wage rules.19 This institutional framework is compared with the
baseline scenario, in which nominal wage cuts are allowed to take place.

3.4 Experiments

This section evaluates and compares three stylized economic structures that reflect
different understanding of what is the role of the state in shaping the income distribution.
We start from the pro-market scenario, in which government intervention in the economy is
close to neutral, and progressively move towards the redistributive scenario. This structure
encompasses only redistributive policies (unemployment benefits and progressive taxation)
aimed to attenuate inequalities generated by the wage setting process. In name of efficiency,
however, the government refrains itself from interfering in how nominal wages are determined
so to avoid creating (too many) distortions (IMF, 2014). We then move from the redistributive
scenario towards the pro-labor scenario, wherein regulations and policies aiming to protect
workers’ in wage negotiations are active and strong, complementing the redistributive policies.

The archetypes of each scenario are presented in table 3.1. In section 3.4.1, we start
with the pro-market scenario and progressively add the redistributive policies in the direction
of the redistributive scenario, wherein the main influence of the government in the income
distribution is through transfers and taxes. Then, in section 3.4.2 each type of labor market
regulation is progressively strengthened towards the pro-labor scenario.20

19When it is institutionally prohibited to cut nominal wages, the nominal minimum wage cannot be reduced and
workers do not consider negative inflation levels when adjusting their desired wages.

20Arguably, the ordering of the scenarios is relevant for the conclusions obtained in this chapter. In other words,
adding first the labor market regulations could lead to different results, in particular with respect to the magnitude
of the effects. Yet, the ordering chosen in this chapter reflects, to some extent, how the debate has been framed
in the literature. For instance, while the IMF (2014) argues that redistributive policies should be preferred to
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Table 3.1: Design of experiments: archetypes of each scenario

Scenario Downward nominal wage rigidity Minimum wage adjustment rule Workers’ bargaining power Taxation policy Unemployment benefit

Pro-market (Exp. 1) No Passive rule Low Flat No
Redistributive (Exp. 8) No Passive rule Low Progressive 4 periods
Pro-labor (Exp. 15) Yes Active rule High Progressive 4 periods

Note: Source: author’s own elaboration.

In what follows, all scenarios are simulated for 400 periods (200 transient periods
and 200 considered periods).21 The reported results refer to the average of the 100 Monte
Carlo runs for each scenario. The model is robust in reproducing the key stylized facts that
were presented in chapter 2.22 The analysis of the results consists on discussing the effects of
introducing each redistributive policy (in section 3.4.1) and each regulation (in section 3.4.2) in
different contexts. Therefore, the analysis is based on a comparison of the scenarios in which
the specific policy or regulation is active (or strong) with the scenarios in which it is absent (or
weak). Nevertheless, the statistical tests refer solely to the comparison of each scenario with the
baseline scenario for each section.

3.4.1 Towards the redistributive state

We start our analysis with the archetype of the pro-market scenario, wherein no labor
market regulations or redistributive policies are in place. The role of the redistributive policies
(taxes and transfers) is analyzed by progressively adding these policies in the direction of the
archetypal redistributive scenario to attenuate the inequalities generated by the (unregulated)
bargaining process between agents. More specifically, we investigate the effect of adding an
unemployment benefits scheme, increasing the maximum number of periods of unemployment
benefits that unemployed workers can receive, and comparing the progressive (PT) and the flat
(FT) tax systems. All these experiments take place in an economic structure characterized by
no downward nominal wage rigidity, a passive minimum adjustment rule, and low workers’
bargaining power. The experiments are described below in table 3.2.

labor market regulations, it is rare to find support for a framework characterized by no redistributive policies at
the same time as labor market regulations are strong. This reflects the view that labor market regulations lead
to rigidities that should be avoided and that, if income distribution is a concern, redistributive policies should
tackle this issue. Therefore, the ordering adopted herein allows us to investigate whether redistributive policies are
enough to promote inclusive growth in the absence of strong labor market regulations.

21The parameters for the baseline scenario are reported in Appendix D.
22Given this similarity, these stylized facts are not discussed in this chapter.
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Table 3.2: Design of experiments: redistributive policies

Scenario Unemployment benefit periods Taxation policy

Exp. 1 0 (UBP = 0) τdif = 0 (FT)
Exp. 2 1 (UBP = 1) τdif = 0 (FT)
Exp. 3 2 (UBP = 2) τdif = 0 (FT)
Exp. 4 4 (UBP = 4) τdif = 0 (FT)
Exp. 5 0 (UBP = 0) τdif = 0.1 (PT)
Exp. 6 1 (UBP = 1) τdif = 0.1 (PT)
Exp. 7 2 (UBP = 2) τdif = 0.1 (PT)
Exp. 8 4 (UBP = 4) τdif = 0.1 (PT)

Note: Experiment 1 is the baseline scenario in this section. When reporting the results below, the acronyms within
parenthesis are used to identify the characteristics of each experiment. Source: author’s own elaboration.

3.4.1.1 Income distribution and macroeconomic results

Figures 3.1 and 3.2 present the main results of the experiments. The baseline scenario
(experiment 1) for this set of experiments is the archetype of the pro-market state, wherein the
labor market regulations are weak and there are no redistributive policies. Indeed, in this scenario,
the coverage of unemployment benefits is equal to zero, since this type of redistributive policy
is not in place. Also, the tax rate for the different tax groups is the same, since a flat tax rate
system is adopted. Although there is a considerable percentage of the population not paying
any taxes, this share is similar to the unemployment rate, thus indicating that those not paying
taxes are the unemployed workers, whose income is equal to zero.23 This indicates that all
households that are earning some sort of income are paying the same tax rate. Consequently, the
Reynolds-Smolensky (RS) indexes are equal to zero, indicating that fiscal policy does not have
any effect in reducing the personal income inequality.24 The ratio of the minimum wage relative
to the average wage in this economy is stable across the scenarios and it is not binding in any of
the scenarios,25 thus indicating that the growth rate of the nominal minimum wage just lags the
growth rate of the nominal average wage, without driving the dynamics of the latter. Overall,

23These shares concern only the income taxation (wages, profits, and unemployment benefit). Interest payments
taxation is not considered because the tax rate on deposits is the same for all households and in all scenarios.

24The RS index provides information with respect to the extent to which government activity (transfers and taxation)
alters the income distribution that would be determined solely by "market forces" (Reynolds and Smolensky, 1977).
By identifying the decrease in the Gini coefficients that is arithmetically attributable to government transfers
and taxes through the comparison of the gross and net Gini coefficients, it indicates the progressivity of fiscal
policy. Formally, the RS index is equal to the gross income Gini coefficient minus the net income Gini coefficient.
Similarly to Mahler and Jesuit (2006), we decompose the RS index into an index for transfers (comparison of the
Gini index before and after transfers only) and an index for taxes (comparison of the Gini before taxes with the
Gini index after transfers and taxes) in order to have a broader and more detailed understanding of the drivers of
income inequality.

25The minimum wage bindingness is calculated as the share of employed workers whose wage is equal to the
minimum wage. Therefore, it aims to capture the share of workers whose wages could have been lower in the
absence of this legal floor.
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these factors lead to a high inequality in the income distribution in this scenario, as measured by
the gross and net income Gini coefficients.

As expected, the increase in the maximum number of periods that an unemployed
worker can receive the unemployment benefit leads to an increase in the coverage of unemploy-
ment benefits (percentage of unemployed workers receiving the unemployment benefit) and in
the progressivity of the fiscal policy.26 While the increase in the RS index for transfers is a direct
implication of the increase in unemployed workers’ net income, there is also a small increase in
the progressivity of taxes due to the fact that unemployment benefits earners do not pay any taxes.
This creates more equality in the income distribution, in particular in income after transfers and
in net income. Therefore, despite the absence of a statistically significant difference between the
gross Gini coefficients, the increase in the unemployment benefit periods is associated with a
significant decrease in the net income Gini. The stability of the gross Gini coefficient is due to
the large similarity with respect to key variables that could affect wage negotiations across the
scenarios, such as the employment rate and the output growth rate. This indicates that, under the
conditions of the experiments performed in this section, changes in transfers are not enough to
induce changes in the output growth rate. Actually, in some cases the growth rates are even lower
than in the baseline scenario. Yet, there is a significant effect on the output per capita in some
cases,27 indicating that more periods of unemployment benefit are associated with a higher level
of output, especially because this transfer represents an increase in government expenditure.

26To investigate the effect of the maximum number of periods of unemployment benefits regardless of the taxation
type, we compare the experiments divided into two groups: experiment 1 to 4 and 5 to 8.

27Since the population size is the same across the experiments, the comparison between output and output per capita
is equivalent.
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Figure 3.1: Comparison of experiments: labor market regulations and redistributive policies
(pro-market to redistributive scenario)

Note: Averages across 100 Monte Carlo runs for each scenario. Significance levels: * 10%, ** 5% and *** 1%.
Statistical tests refer to the comparison with the baseline scenario. Grey squares identify variables that are constant

across all experiments. Source: author’s own elaboration based on simulation results.

With respect to the progressive taxation, we find that the mechanism described in
section 3.3.1 is able to keep the effective tax rate very close to the target rate.28 Given that
taxpayers do not pay any taxes on their income up to one minimum wage, incomes above this
threshold pay a relatively high tax rate, which is even higher for incomes above the threshold

28To investigate the effect of the progressive taxation while keeping the maximum number of periods of unemploy-
ment benefits constant, the following pairs of experiment are compared: 1 and 5, 2 and 6, 3 and 7, and 4 and
8.
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given by nmw multiplied by the minimum wage. Yet, the majority of taxpayers are taxed at the
low tax rate. The share of households that are not taxpayers is close to the unemployment rate,
which is expected since nominal wages tend to be above the minimum wage and the income
received by unemployed workers is tax-exempted.

The effect of the progressive taxation is also more relevant to the net income distri-
bution. The transition to a progressive tax system significantly increases the RS index for taxes,
thus increasing the progressivity of fiscal policy. Since the share of taxpayers that are taxed at the
low tax rate is similar across the experiments, the increase in the redistributive effect of taxation
is mostly due to the difference in the tax rates between the different tax groups. There is also
an interaction between taxation and the unemployment benefits scheme: when the coverage of
unemployment benefits increases, there are more workers earning a tax-exempted income, which
has implications for the progressivity of taxes. Consequently, when the periods of unemployment
benefits is at its maximum and there is a progressive tax system (experiment 8), the RS index
achieves its largest value in this set of experiments. In this case, the RS index for transfers is
much larger than the RS for taxes, indicating that transfers are the most important redistributive
tool for fiscal policy, which is in line with the empirical evidence (Mahler and Jesuit, 2006).
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Figure 3.2: Comparison of experiments: income distribution and macroeconomic variables
(pro-market to redistributive scenario)

Note: Averages across 100 Monte Carlo runs for each scenario. Significance levels: * 10%, ** 5% and *** 1%.
Statistical tests refer to the comparison with the baseline scenario. Source: author’s own elaboration based on

simulation results.

Also in this case, we observe that the change in the taxation system does not lead
to consistent differences in the unemployment rate or output growth rate, leading to a rather
stable gross income Gini coefficient. Yet, there are significant differences in the net income Gini
coefficient, which decreases with a progressive tax system. Indeed, the scenario characterized
by more equality in the income distribution is the scenario in which there is a progressive tax
system and unemployment benefits are paid up to four periods (experiment 8).

In sum, the results indicate that relying solely on redistributive policies in a context
of weak labor market regulations is helpful to redistribute income, but may be ineffective to
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promote output growth and employment. There is also a certain degree of interaction between
the redistributive policies, since the redistributive effect of taxes and transfers varies depending
on the combination of policies. Since these policies have a small effect on the gross income
distribution, in this set of experiments there is a clear pattern by which the differences across
the experiments in the net income Gini coefficient are larger than in the gross income Gini
coefficient.

3.4.1.2 Combining economic growth with more income equality

In this section we explore how the redistributive policies affect the relationship
between output growth and income inequality in the short run (cyclical relationship) and long
run. While the previous section showed no statistically significant difference in the output growth
rates across the experiments or showed even a lower growth rate in some cases, there was a
difference in the level of the output, which tends to be higher when the redistributive policies are
active, in particular the unemployment benefit (figure 3.3a). This derives from the positive direct
effect that unemployment benefits exert on aggregate demand, since they represent an increase in
government expenditure. Thus, to some extent, these results are not directly comparable with
the smaller effect of the progressive taxation system, which is only weakly related to the output
levels, since it leads to a different composition of the government revenue that would be only
indirectly associated with aggregate demand through the class-specific propensities to consume.
Yet, overall these results are indicative of a level effect of the unemployment benefits, and
inconsistent effects on the growth rate. The comparison between the archetype of the pro-market
scenario (experiment 1) and the archetype of the redistributive scenario (experiment 8) suggests
that the growth rates are not statistically different, but the level of output per capita is larger in
the latter.

In the long-term analysis, we investigate what are the prospects of each scenario to
combining economic growth with more equality in a sustainable way. In order to have a synthetic
measure of both economic activity and income inequality, we calculate the inequality-adjusted
output per capita and compare it with the unadjusted output per capita. The differences between
the scenarios become much larger when the inequality-adjusted output per capita is considered
(figure 3.3b).29 Indeed, in this case we observe that the redistributive policies contribute to
combining higher levels of economic activity with more equality in the income distribution
in the long run. In this sense, the archetype of the redistribute state (experiment 8) performs
considerably better than the archetype of the pro-market state (experiment 1).30

29This variable derives from the inequality-adjusted human development index (Hicks, 1997), which is a synthetic
measure that provides more information on the overall well-being of the society, since it penalizes societies with
high levels of inequality. It is equal to the (1−Gininet)Y/Nh.

30The data reported in figure 3.2 indicates that the differences in the inequality-adjusted output per capita relative to
the baseline are statistically significant.
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Figure 3.3: Comparison of experiments: output per capita (pro-market to redistributive scenario)
Note: Series represent averages across 100 Monte Carlo runs for each scenario. Source: author’s own elaboration

based on simulation results.

The redistributive policies investigated in this section also exert an influence, even if
small, on more cyclical characteristics of this artificial economy, which are analyzed through
the correlations between specific income distribution variables and the output level reported in
figure 3.4. These correlations capture the cyclical (or short-run) relation between the selected
variables, and thus ought to be interpreted as providing information with respect to their relation
within each experiment, in contrast to the relations across the experiments that were explored so
far. Overall, the correlations have the same sign and a similar magnitude across the experiments.
The net and gross Gini coefficients are positively correlated and this correlation increases with
the reduction of the unemployment benefit periods and the flat tax system, becoming a perfect
correlation in the absence of the unemployment benefits (experiments 1 and 5). The wage share
is negatively correlated with the Gini coefficients, indicating a positive association between
equality levels in the personal and functional income distribution. Both the net and the gross
income Gini coefficients are negatively correlated with output, and the correlation of the net
income Gini with output decreases when its correlation with the gross Gini decreases, suggesting
that the relation between the gross Gini coefficient and the output is the more robust relationship.
Finally, the wage share is negatively correlated with output, in line with its countercyclical
behavior.31

In sum, the redistributive policies discussed in this section do not seem to alter the
nature of the structural relationship between economic activity and income distribution, which
is captured by the correlations presented in figure 3.4. Also, these correlations seem to be in
the same sense as the relation between income distribution and output reported in figure 3.3,
indicating a negative relation between output and the Gini coefficient. Yet, there is a negative
relation between output and the wage share that was not identified in the experiments and seems
to pertain only to their cyclical relationship. Overall, by affecting more directly the personal

31The countercyclical behavior the wage share has been investigated in chapter 1 and derives from the presence of
overhead labor.
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income distribution than the functional income distribution, the redistributive policies discussed
in this section emphasize the positive relation between more equality in the personal income
distribution and higher levels of economic activity.
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Figure 3.4: Comparison of experiments: correlations between output growth and income distri-
bution variables (pro-market to redistributive scenario)

Note: Average correlations across 100 Monte Carlo runs for each scenario. All series are bandpass-filtered
(6,32,12). Source: author’s own elaboration based on simulation results.
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3.4.2 Towards the pro-labor state

Having explored the dynamics of income distribution in the presence of redistributive
policies, in this section we discuss the effect of labor market regulations to understand the
consequences of improving the support and protection to workers in wage negotiations. In order
to do so, we progressively move from the redistributive scenario (experiment 8), wherein the
only active redistributive role of the state is represented by taxation and transfers, towards the
pro-labor scenario (experiment 15), wherein labor market regulations are active and strong.32

The experiments are described in table 3.3 below.

Table 3.3: Design of experiments: labor market regulations

Experiment Downward nominal wage rigidity Minimum wage adjustment rule Workers’ bargaining power

Exp. 8 No (No DNWR) Passive (PMW) φ = 0.4 (LWBP)
Exp. 9 Yes (DNWR) Passive (PMW) φ = 0.4 (LWBP)
Exp. 10 No (No DNWR) Active (AMW) φ = 0.4 (LWBP)
Exp. 11 Yes (DNWR) Active (AMW) φ = 0.4 (LWBP)
Exp. 12 No (No DNWR) Passive (PMW) φ = 0.8 (HWBP)
Exp. 13 Yes (DNWR) Passive (PMW) φ = 0.8 (HWBP)
Exp. 14 No (No DNWR) Active (AMW) φ = 0.8 (HWBP)
Exp. 15 Yes (DNWR) Active (AMW) φ = 0.8 (HWBP)

Note: Experiment 8 is the baseline scenario in this section. When reporting the results below, the acronyms within
parenthesis are used to identify the characteristics of each experiment. Source: author’s own elaboration.

3.4.2.1 Income distribution and macroeconomic results

Figures 3.6 and 3.5 present the main results of the experiments. The downward
nominal wage rigidity leads to a higher ratio between the minimum wage relative to the average
wage in all cases, thus increasing the minimum wage bindingness when the active minimum wage
adjustment rule is in place.33 This tends to reduce income inequality, which is further reduced by
the nominal wage adjustments dynamics that lead to an increase in the wage share. Therefore,
when the other regulations are kept constant, the downward nominal wage rigidity tends to be
associated with a higher wage share and a lower gross and net income Gini coefficients in all
cases. Yet, this effect is relatively larger when the sensitivity of workers’ bargaining power to the
employment rate is lower.

32Transfers and taxation are kept constant across the experiments, with four periods of unemployment benefits and
progressive taxation.

33To investigate the effect of downward nominal wage rigidity while the other regulations are kept constant, we
compare the following pairs of experiments: 8 and 9, 10 and 11, 12 and 13, and 14 and 15.



144

0.4036

0.0000

0.8962

0.1500

0.1500

0.1922

0.2922

0.6949

0.1955

0.0658

0.0378

0.1036

0.4346

0.0000

0.9462

0.1500

0.1500

0.2032

0.3032

0.7011

0.1421

0.0546

0.0401

0.0946

0.4081

0.0001

0.9123

0.1500

0.1499

0.1947

0.2947

0.6954

0.1784

0.0674

0.0387

0.1061

0.7283

0.1284

0.9627

0.1500

0.1497

0.4330

0.5330

0.9449

0.2216

0.0742

0.0701

0.1443

0.4025

0.0000

0.9418

0.1500

0.1500

0.1965

0.2965

0.6873

0.1508

0.0516

0.0351

0.0867

0.4068

0.0000

0.9746

0.1500

0.1500

0.1980

0.2980

0.6906

0.1125

0.0400

0.0356

0.0757

0.3553

0.0006

0.9374

0.1500

0.1499

0.1835

0.2835

0.6296

0.1549

0.0510

0.0336

0.0846

0.4338

0.0011

0.9724

0.1500

0.1499

0.2122

0.3122

0.7330

0.1189

0.0474

0.0386

0.0861

***

***

***

***

***

***

**

***

***

**

***

***

***

**

***

***

***

***

***

***

***

***

**

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

**

**

***

**

***

***

***

***

***

***

***

***

***

***

***

***

Minimum wage to 
 average  wage ratio

Minimum wage 
 bindingness

Unemployment 
 benefits coverage

Target tax rate

Effective tax rate

Low tax rate

High tax rate

Share of taxpayers 
 at low tax rate

Share of non−taxpayers

RS index (Transfers)

RS index (Taxes)

RS index (Total)

E
xp

. 8
: N

o 
N

W
R

, 
 P

M
W

, L
W

B
P

E
xp

. 9
: D

N
W

R
, 

 P
M

W
, L

W
B

P

E
xp

. 1
0:

 N
o 

D
N

W
R

, 
 A

M
W

, L
W

B
P

E
xp

. 1
1:

 D
N

W
R

, 
 A

M
W

, L
W

B
P

E
xp

. 1
2:

 N
o 

D
N

W
R

, 
 P

M
W

, H
W

B
P

E
xp

. 1
3:

 D
N

W
R

, 
 P

M
W

, H
W

B
P

E
xp

. 1
4:

 N
o 

D
N

W
R

, 
 A

M
W

, H
W

B
P

E
xp

. 1
5:

 D
N

W
R

, 
 A

M
W

, H
W

B
P

Experiment

V
ar

ia
bl

e

Min.

Max.

Figure 3.5: Comparison of experiments: labor market regulations and redistributive policies
(redistributive to pro-labor scenario)

Note: Averages across 100 Monte Carlo runs for each scenario. Significance levels: * 10%, ** 5% and *** 1%.
Statistical tests refer to the comparison with the baseline scenario. Grey squares identify variables that are constant

across all experiments. Source: author’s own elaboration based on simulation results.

The downward nominal wage rigidity also interacts with the redistributive policies,
altering the progressivity of fiscal policy. Since the unemployment rate decreases in the presence
of downward nominal wage rigidity, there is also an increase in the coverage of unemployment
benefits.34 The combination of these features exerts a non-linear effect on the progressivity of
transfers, and in most cases the downward nominal wage rigidity is associated with a lower RS
34The maximum number of periods of the unemployment benefits is kept fixed, but a lower unemployment rate may

indicate that workers are unemployed for fewer periods and thus more workers find a job before losing this benefit.
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index for transfers. The progressivity of taxation increases in all cases, reflecting the decrease in
the share of non-taxpayers (except from experiment 10 to experiment 11) and the increase in the
share of taxpayers at the low tax rate. While the decrease in the share of non-taxpayers is strongly
associated with the decrease in the unemployment rate,35 the increase in the share of taxpayers at
the low tax rate is associated with the effect of downward nominal wage rigidity on the minimum
wage: since it becomes closer to the average wage in the economy, fewer households fall in the
group taxed at the higher tax rate, which is defined in proportion to the minimum wage. The
increase of taxpayers at the low tax rate leads to a increase in both the high and low tax rates:
since a smaller share of income is taxed at the high tax rate, these rates need to be increased so
that the target tax rate is achieved. The overall progressivity of fiscal policy (RS index total)
results from the interplay between these changes in taxation and transfers, so it may decrease or
increase with downward nominal wage rigidity.

With respect to the macroeconomic implications of downward nominal wage rigidity,
we find that in most cases when this regulation is active, the output growth rate and the level of
the output per capita are higher (except from experiment 12 to 13) and the unemployment rate is
lower than in the scenarios where nominal wage cuts are allowed. This indicates that protecting
workers from wage cuts during recessions may be effective in sustaining aggregate demand and
thus output and employment levels. Yet, this is also associated with a relatively higher inflation
rate, as expected from the impact of lower unemployment rates on workers’ bargaining power
and the impossibility of reducing nominal wages. Indeed, deflationary scenarios emerge when
there are no restrictions to nominal wage cuts - and even in one of the scenarios in which this
restriction is in place, but wherein the other labor market regulations are weak (experiment 9).
Following the mechanisms described in chapter 2, lower inflation rates tend to be associated with
more international price competitiveness for domestic firms, thus the scenarios in which nominal
wage cuts are allowed are associated with a higher share of exports and a lower share of imports
in output. Yet, this foreign stimulus through the trade balance is insufficient to compensate the
negative effects of more inequality on domestic consumption.

35Except in the comparison between experiments 10 and 11 because in experiment 11 the minimum wage to average
wage ratio is much higher and, consequently, many workers may be tax-exempted.
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Figure 3.6: Comparison of experiments: income distribution and macroeconomic variables
(redistributive to pro-labor scenario)

Note: Averages across 100 Monte Carlo runs for each scenario. Significance levels: * 10%, ** 5% and *** 1%.
Statistical tests refer to the comparison with the baseline scenario. Source: author’s own elaboration based on

simulation results.

The active minimum wage rule tends to be associated with lower gross and net Gini
coefficients, except in the scenarios with high workers’ bargaining power and downward nominal
wage rigidity (from experiment 12 to 14).36 As the wage share does not change much between
each pair of scenarios, the experiments suggest that the minimum wage has a more significant
effect on the personal income distribution than on the functional income distribution, which
makes sense since the minimum wage affects incomes at the bottom of the income distribution.

36To investigate the effect of the active minimum wage rule while the other regulations are kept constant, we
compare the following pairs of experiments: 8 and 10, 9 and 11, 12 and 14, and 13 and 15.
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In the experiments, the minimum wage is a binding constraint only when it follows an active
adjustment rule; otherwise, it represents a floor that just follows the nominal wage dynamics.
This also explains why in the scenarios with the passive adjustment rule the minimum wage
represents less of the average wage than when there is an active minimum wage rule, but this is
not observed in all comparisons. Indeed, in experiment 14 (active minimum wage adjustment
rule), the ratio is lower than in experiment 12 (passive minimum wage adjustment rule), probably
because in the former workers’ bargaining power is strong enough to induce wage growth above
the growth rate of the minimum wage. Similarly, from experiment 8 to experiment 10, the low
workers’ bargaining power in a context where nominal wages can be cut renders the type of
adjustment rule for the minimum wage less relevant.

In addition to being a legal floor to wage levels, the minimum wage has a direct effect
on the progressivity of fiscal policy. It affects the value of government transfers (unemployment
benefits) and, consequently, when there is an active minimum wage rule, transfers tend to be
more progressive (except in the comparison between experiments 12 and 14, which present very
similar RS index for transfers). It also affects the progressivity of taxation in most cases. This
is due to the increase of the minimum wage to average wage ratio, which tends to increase the
share of tax payers at the low tax rate. Therefore, when the minimum wage to average wage
ratio decreases (from experiment 12 to 14), taxes become less progressive. Also in this case the
total progressivity of fiscal policy depends on the interplay between these factors and it tends to
increase slightly in most cases.

The macroeconomic effects of the minimum wage present a non-trivial nature. When
workers’ bargaining power is high (scenarios 12 to 15), the active minimum wage rule does not
seem to be a further stimulus to economic activity or contribute to reducing unemployment rates.
Actually, the output growth rate even decreases from experiment 12 to 14, while increasing from
experiment 13 to 15. On the other hand, when workers’ bargaining power is low (scenarios 8 to
11), the active minimum wage rule is associated with a higher output growth rate and a lower
unemployment rate (which is significant in the comparison between experiments 9 and 11). This
suggests that the minimum wages compensate for the lower workers’ bargaining power, as if it
was only activated in this case. Given this dynamics of the output growth rate, the level of the
output per capita also tends to be higher when there is an active minimum wage policy. Once
again, experiment 12 and experiment 14 are the exception in this case. Across these scenarios,
there is a small change in the share of exports and imports in output, probably due to the weak
effects of this rule on inflation. This indicates that the redistributive impact of the minimum
wage is accompanied by lower inflationary pressures, since it partially operates through changes
in within-wage inequality.

Finally, higher sensitivity of workers’ bargaining power to the employment rate is
associated with a higher wage share in all combinations of the other labor market regulations.37

37To investigate the effect of the sensitivity of workers’ bargaining power to the employment rate (φ) while the other
regulations are kept constant, we compare the following pairs of experiments: 8 and 12, 9 and 13, 10 and 14,
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Yet, the higher wage share associated with the increase in workers’ bargaining power is not
necessarily followed by more equality in the personal income distribution, although this occurs
in most cases. Indeed, when workers’ bargaining power increases but there is an active minimum
wage adjustment rule and downward nominal wage rigidity, both the gross and the net Gini
coefficients increase (comparison between experiments 11 and 15). The increase is particularly
relevant for the net Gini coefficient, indicating a strong effect of the redistributive policies. Since
in this case the adjustment rule of the minimum wage does not depend on the dynamics of wage
negotiations between workers and firms (as would be the case in the passive rule), the minimum
wage increases more than wages that are above the minimum wage. This dynamics reduces the
wage inequality and also considerably increases the value of the unemployment benefit and the
number of households paying the low-tax rate, with strong implications for income inequality.
This mechanism is actually present in all scenarios, since the minimum wage tends to represent
more of the average wage in all scenarios with lower sensitivity of workers’ bargaining power to
the employment rate, but it only plays a dominant role in income distribution dynamics in this
specific case.

Relatedly, the increase in the sensitivity of workers’ bargaining power to the em-
ployment rate leads to less progressivity of the fiscal policy in all cases. The dynamics of
the unemployment rate is responsible for this in the case of transfers (less workers receiving
unemployment benefits) and taxation (fewer tax-exempt households). The decrease in the pro-
gressivity of taxes is also related to the decrease in the share of households taxed at the low tax
rate when workers’ bargaining power is high, since wages are more distant from the minimum
wage and, consequently, more workers earn a wage above the threshold for the high tax rate.
This is in line with the finding that societies that are more equal will rely less on taxation and
transfers as a means to redistribute income (Berg, 2015, Berg et al., 2018), even when they have
the institutional framework for doing so.38 Indeed, in our experiments the increase in workers’
bargaining power reduces the reliance on the redistributive policies.

The interactions with other policies lead to different relations between the sensitivity
of workers’ bargaining power to the employment rate and the output growth rate. While in
some cases there is no clear difference, in the comparison between experiments 11 and 15, a
higher output growth rate is observed when workers’ bargaining power is lower, due to the strong
improvement in the personal income distribution described above. Conversely, the comparison
between experiments 8 and 12 shows that the increase in workers’ bargaining power leads to a
higher output growth rate. This indicates that when the other labor market regulations are not
in place, workers’ bargaining power has a more significant role in sustaining output growth. It

and 11 and 15. In chapter 1, we also analyzed the effect of changes in the parameter capturing the sensitivity of
workers’ bargaining power to the employment rate. The results presented in this chapter revisit those results and
add new insights into the interaction of workers’ bargaining power with the other labor market regulations in an
open economy framework.

38The decrease in inequality also reduces the redistributive effect of transfers more than it reduces that of taxes, in
line with the predominance of transfers as a redistributive policy.
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is also in the comparison between these two experiments that we find the largest difference in
unemployment rates, although unemployment is always lower when workers’ bargaining power
is higher.

The experiments reported in this section provide important insights into the effect of
labor market regulations and their interaction. Overall, all the regulations are associated with
more equality in the income distribution, with the active minimum wage rule and downward
nominal wage rigidity having a predominant impact on the personal income distribution and
workers’ bargaining power having a predominant impact on the functional income distribution.
Thus, by affecting the wage structure and wage negotiations in different ways, the regulations
differ with respect to their effect on the functional and personal income distribution. Moreover,
our experiments capture a specific situation when less equality in the functional income distribu-
tion takes place at the same time as there is more equality in the personal income distribution
(experiments 11 and 15), which arises due to the effect of wage inequality on the personal income
distribution and, more importantly, the effect of the redistributive policies (as the gross Gini is
quite similar). Therefore, we are able to capture a counterintuitive situation that emerges from
the interaction between the labor market regulations and redistributive policies..

Most of the combinations of strong labor market regulations are associated with more
equality in the income distribution, lower unemployment rates, and higher output growth rates
and levels. Nevertheless, there are important exceptions that draw attention to the interaction
effects between these regulations and the existing non-linearities. Overall, the comparison
between the archetypal redistributive scenario (experiment 8) and the archetypal pro-labor
scenario (experiment 15) suggests that the introduction of strong labor market regulations is
helpful to improve the income distribution and for economic growth, in line with studies that
show that weak labor market regulations do not improve efficiency or promote employment
(Betcherman, 2012).

The interaction between these regulations is also key to understanding the specific
effect of each of them. We observe that there is a considerable degree of overlapping between
them. In general, the effect of each regulation on income distribution and unemployment is
larger when the other regulations are not in place. Thus, while the regulations complement each
other and more equality is obtained when all (or most) of them are active, the marginal effect
of introducing each new regulation when the others are already active decreases. An important
example of this is the low bindingness of the minimum wage in most scenarios, even when it
follows the active adjustment rule. This indicates that the other labor market regulations in place
(downward nominal rigidity and high workers’ bargaining power) are strong enough to prevent
nominal wages from falling towards the legal floor represented by the minimum wage. Yet,
since in this framework most unemployed workers receive the unemployment benefit from the
government and the value of this transfer is equal to the minimum wage, the active minimum
wage adjustment rule does have important implications for inequality and aggregate demand.
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Our results also indicate an interaction between the labor market regulations and

the redistributive policies (transfers and taxation). The strengthening of the regulations (and
the consequent decrease in unemployment rates) reduces the number of workers that receive
unemployment benefits, which tends to decrease the progressivity of transfers and taxes, as
discussed above. Nevertheless, the downward nominal wage rigidity and the active minimum
wage policy make the fiscal policies more progressive by changing the value of the unemployment
benefit or the income threshold for the tax rate groups. Consequently, when these regulations are
strong, fiscal policy may be more or less progressive, while when workers’ bargaining power is
high, it is always less progressive (due to the reduction in transfers). Indeed, the sensitivity of
workers’ bargaining power to the employment rate does not alter the main aspects determining
the functioning of these policies, which is not the case with the other regulations. The influence
of these regulations on the progressivity of fiscal policy also seems to explain why in some cases
the difference in the net Gini coefficient is larger than the difference in the gross income Gini
coefficient. While the expected result of these policies was to alter the nominal wage dynamics
and thus have a stronger effect on the gross income Gini coefficient that would be attenuated by
the fiscal policies and become a smaller difference in terms of the net income Gini coefficient, in
some cases this seems to be intensified by the change in the progressivity of fiscal policy in the
same direction.

3.4.2.2 Combining economic growth with more income equality

A key result obtained in the experiments discussed above is the relation between
the labor market regulations and a lower income inequality and higher output growth rate or
output per capita level. This indicates a positive relation between more equality and the level of
economic activity, despite of the loss of international competitiveness associated with the lower
income inequality (and higher inflation rates) in most cases. Therefore, the results suggest that
the economic stimulus provided by more equality in the income distribution compensates the
negative effects associated with the increase in the imports share and decrease in the exports
share. We now explore further the relationship between economic growth and income inequality
in a long-term and cyclical perspective in order to understand how the regulations investigated
above alter this relationship.

As reported in figure 3.7a and in line with the different growth rates previously
discussed, the experiments in which labor market regulations are stronger are associated with
higher output per capita levels, while the opposite is observed in the scenarios with weak labor
market regulations. Also, as reported in figure 3.7b, the scenarios that are able to combine
more equality with economic growth perform even better when evaluated through the inequality-
adjusted output per capita. Indeed, since in general the scenarios with more equality in our
experiments are those with higher output levels, they become even better relative to the other
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scenarios in this case.39 Consequently, the highest output per capita and inequality-adjusted
output per capita levels are obtained when all or most labor market regulations are active
(experiments 11, 12, and 15).
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Figure 3.7: Comparison of experiments: output per capita (redistributive to pro-labor scenario)
Note: Series represent averages across 100 Monte Carlo runs for each scenario. Source: author’s own elaboration

based on simulation results.

Also in this case we observe differences in more structural characteristics of this
artificial economy, as indicated by the correlations reported in figure 3.8. As expected, the
correlation between the net and the gross Gini coefficients is positive in all cases. Nevertheless, it
is relatively lower in the experiment in which there is downward nominal wage rigidity, an active
minimum wage rule, and low workers’ bargaining power (experiment 11). This is probably
associated with the expressive progressivity of fiscal policy in this case, which is responsible
for the decoupling between both coefficients. Despite of these differences, in all cases we find a
negative correlation between the wage share and the Gini coefficients, confirming the positive
association between equality levels in the personal and functional income distribution identified
in section 3.4.1.

The cyclical relation between income inequality and output level is clear in the case
of the gross income Gini coefficient, indicating a negative relation in all experiments, which is
in line with the relation obtained in the comparison across the experiments. Yet, the net Gini
coefficient is only weakly correlated with the output level. While in most cases this is a negative
correlation, experiment 11 emerges as an important exception in which higher output levels are
correlated with more inequality in the net income distribution, probably resulting from the strong
dynamics of the minimum wage in this case, which decouples the dynamics of the net Gini index
from the output level.40 Also the wage share is negatively correlated with output levels, as had
been previously identified.
39The data reported in figure 3.6 indicates that the differences in the inequality-adjusted output per capita relative to

the baseline are statistically significant.
40As in most cases reported in figure 3.8, there is usually a negative relation between the Gini coefficient and

the output level. This is discussed in more detail in chapter 1 and one of the explanations for this is that when
unemployment increases in the downturn of the cycle, more workers receive unemployment benefits, which tend
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to be lower than average wages. This explanation would be relatively more important for the net income Gini
coefficient, which is the index that considers transfers, and explains why its negative relation with output is lost in
experiment 11: since the bindingness of the minimum wage and the ratio between the minimum wage and the
average wage are much higher in this experiment, when workers lose their job the income loss is much lower.
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(c) Exp. 10 (No DWNR, AMW, LWBP)
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Figure 3.8: Comparison of experiments: correlations between output growth and income distri-
bution variables (redistributive to pro-labor scenario)

Note: Average correlations across 100 Monte Carlo runs for each scenario. All series are bandpass-filtered
(6,32,12). Source: author’s own elaboration based on simulation results.
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In sum, by comparing the relation between income inequality and output growth

within and across the experiments, our results provide important additional insights. While the
relation between the gross income Gini coefficient and output is consistently negative, in some
cases there is a positive correlation between output and the net Gini coefficient that did not
appear in the comparison between the experiments. Also, the experiments suggest a more blurred
long-run relation between the wage share and output, while the correlations are consistently
negative within each experiment. This suggests that the cyclical behavior of these variables
provides little information with respect to what would happen if there were changes in the labor
market regulations aiming at increasing the wage share or reducing inequality.

3.4.3 Summary of the main findings

This chapter aimed to compare the archetype of the pro-market, redistributive, and
pro-labor scenarios and investigate the contribution of each policy and regulation in the transition
from the pro-market to the pro-labor scenario. Overall, the results identify many non-linear
relations arising from the interaction between the different tools implemented. We find a
considerable degree of overlapping between the regulations and also identify specific cases
in which more active policy tools are not necessarily related with an improvement in income
distribution or more economic growth. This reflects the very complex nature of the relations
governing both variables in an open economy.

Nevertheless, the comparison between the three archetypal scenarios described in
table 3.1 does offer important overall conclusions, which are summarized in figure 3.9. On
the one hand, we find that the redistributive scenario is characterized by lower inequality in
the net income distribution in comparison with the pro-market scenario, but it fails to induce
lower unemployment rates or higher output growth rates. Yet, it is helpful to conciliate a higher
level of output per capital with more equality. On the other hand, we find that the combination
of redistributive policies with strong labor market regulations allows for inclusive economic
growth in the sense that lower inequality is combined with higher output growth rates and lower
unemployment rates. In this sense, the results offer a strong support for the combination of these
policy tools in order to promote inclusive economic growth.
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Figure 3.9: Summary of main results of the archetypal scenarios
Note: Source: author’s own elaboration based on simulation results.

Our results also offer new insights into the relationship between economic growth
and income distribution. Figure 3.9 suggests that more equality in both the functional and
personal income distribution tends to be associated with higher output growth rates and levels.
This indicates that inclusive economic growth is a feasible possibility in the economic structure
reproduced by the model. While this captures the relationship between more equality and
economic activity in a long-run perspective, we have also analyzed the cyclical relationship
between the variables, which provides information with respect to their short-run relation. In
this case, we find that the different scenarios tend to present the same pattern by which the wage
share and the Gini coefficients are negatively correlated with output.

The comparison between these short- and long-run effects is relevant for a com-
prehensive understanding of their complex relationship.41 The short-run relationships that are
captured by the correlations indicate both the effect of output on income distribution and the
effect of income distribution on output, while the long-run relations that are summarized by the
average values in figure 3.9 indicate whether exogenous factors, such as policies and regulations,

41In the post-Keynesian literature, a similar discussion is undertaken by Blecker (2016) and Rolim (2021). Also
Cauvel (2022) and Lavoie (2017) investigate the feedback effects between income distribution and economic
activity.
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can simultaneously stimulate output growth and induce more equality in the income distribution
in a sustainable way. In this latter case, the effect of these exogenous factors not necessarily
operates on output through changes in income distribution, although this is likely to be a relevant
transmission mechanism.42 Be it as it may, the latter relations are much more informative about
the possibilities of combining economic growth with more equality in the income distribution.

3.5 Conclusion

This chapter investigated the dynamics of economic growth and income distribution
when strong labor market regulations and redistributive policies are progressively added to a
pro-market scenario. The results discussed above are supportive of the effectiveness of combining
these policy tools to achieve inclusive economic growth: the transition from the archetype of the
pro-market scenario towards the archetype of the pro-labor scenario leads to lower inequality in
the functional and personal income distribution, lower unemployment rate, and higher output
growth rate. In addition to capturing a positive correlation between equality, economic activity,
and employment, these results also suggest that labor market regulations and redistributive
policies are required to sustain a more equal income distribution that is associated with the better
economic performance in terms of employment and output.

Nevertheless, the results also reveal the complex nature regulating the relationship
between labor market regulations and redistributive policies and income distribution. We find
that there is a significant degree of complementarity between the different policy tools, but
there is also a significant overlapping of their effects and, in specific cases, even a reversal of
their individual effects when they are combined. In general, the addition of strong labor market
regulations reduces the actual progressivity of fiscal policy and the marginal effect of each labor
market regulation falls with the strength of the other regulations. This confirms our intuition
that the effect of these tools depends on their interaction with other tools and on the specific
economic context. It also stresses the need of carefully designing and combining regulations and
policies targeting more income equality.

In addition, we identify a complex relationship between income distribution and the
considered macroeconomic variables. Not only there are numerous non-linearities governing the
relationship between output and inequality, their overall relationship is also the result of their
reciprocal effects on each other. Yet, in general, the results point to a positive association between
more equality in the personal income distribution and output levels and growth rates, in particular
when labor market regulations are strong. We also find that more equality in the functional
income distribution is only associated with output growth when there is a simultaneous reduction
in inequality in the personal income distribution.43 Conversely, the relationship between income

42In other words, the distinction between correlation and causality, which is certainly key for the short-run
relationships, should also be considered in the analysis of the long-run relationships.

43To some extent, this finding corroborates empirical analyses found in the literature, such as Carvalho and Rezai
(2016), Carvalho and Rugitsky (2015), and Rolim (2019).
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distribution and inflation rates is clearer for the case of the functional than for the personal
income distribution, since the former is more directly affecting (and being affected by) the
pricing decisions decisions by firms.

In sum, the results indicate that the type of labor market regulation and redistributive
policy matters for how and to which the extent income distribution is affected, but there are also
more qualitative aspects that are quite relevant. Indeed, each type of policy tool activates different
mechanisms in this complex system, so the nature of the distributive changes differs and so does
the dynamics of output and inflation, which may result from mechanisms operating through
income distribution or from mechanisms that simultaneously affect output and distribution.
Despite of the complexity of these relations, the main conclusion derived in this chapter is that
labor market regulations and redistributive policies tend to contribute to inclusive economic
growth.
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Conclusion

This dissertation explored the macroeconomic dimensions of income distribution
through a novel AB model featuring a novel and richer wage bargaining process, a novel and
more comprehensive strategic mark-up adjustment rule, and a three-class social structure for
households both in a closed economy and in an economy open to international trade. It explored
how income distribution is affected by the dynamics of key macroeconomic variables, thus
capturing some of the numerous determinants of income disparities in complex economic and
social systems. Moreover, the effect of income distribution on macroeconomic variables such
as output and inflation has also been investigated to explore our main research question: under
which conditions is inclusive economic growth possible?

The topics that have been dealt with in each chapter consist of specific layers of the
complex relationship between the macroeconomic dimension and income distribution. These
different layers of analysis complement each other and combined they indicate that the possibility
of achieving and sustaining inclusive economic growth depends, at least partially, on the interplay
between endogenous mechanisms determining the relative strength of each class, on the type of
exogenous shocks altering the international trade relations, and on the specific set of regulations
and policies in place. Therefore, the complex nature of the economic system and, in particular,
of the two-way relationship between income distribution and output determine the specific
conditions allowing for inclusive economic growth.

Chapter 1 investigated the two-way interplay between productivity growth and
workers’ bargaining power and showed that the source of economic stimulus is key to the nature
of the relationship between income distribution and economic growth. The analysis was based
on the premise that the increasing wage-productivity gap and lower wage share observed in many
economies resulted from a reduction in workers’ bargaining power in a context of high labor
productivity growth. This would be the case because productivity growth tends to favor firms
and allows for increases in their mark-up rates, thus leading to more inequality, while workers’
bargaining power can exert a counteracting force and contribute to more equality in income
distribution. In addition to finding strong support for this hypothesis from the results obtained
from the AB model for a closed economy put forward in this chapter, we also find that both
higher productivity growth and higher workers’ bargaining power are associated with higher
output levels and growth rates. Thus, the results indicate that inclusive economic growth may
not be obtained if the key driver of economic growth is productivity growth, while its likelihood
increases when workers’ bargaining power is higher. Consequently, the chapter also identified
the possibility of a policy dilemma between promoting both productivity and output growth and
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improving income equality. Nevertheless, it indicated that this dilemma is alleviated if workers’
bargaining power is increased simultaneously to the higher innovation dynamics leading to
productivity growth.

Chapter 2 dealt with the effect of foreign trade shocks and explored how the nature
of these shocks can be a factor influencing the possibility of inclusive economic growth. To
do so, the AB model structure was extended to an economy open to international trade and a
foreign sector was added. The chapter analyzed the effect of different types of foreign shocks
(demand and price), with different lengths, magnitudes, and signs on output, inflation, and
income distribution. While the positive shocks on the foreign output growth rate and foreign
inflation rate stimulate domestic output through their positive effects on exports, their distributive
implications are quite different. Indeed, we find that the former shock tends to generate more
equality in the income distribution, but the latter shock is associated with a worsening in income
distribution that is mainly caused by the dynamics of the real exchange rate. Thus, the results
indicate that the relation between output and distribution is also largely dependent on the nature
of the foreign shocks. The chapter also showed the importance of the interaction between the
domestic and foreign demand to the dynamics of the domestic output, with this interaction being
mediated in a complex fashion by the relationship between income distribution and international
competitiveness. Indeed, such a relationship presents important implications for output growth
in the long run and for the relationship between the output dynamics and the real exchange rate.
Moreover, both foreign shocks tend to generate inflationary processes in the domestic economy.
Since there is an imported inflation component simultaneously to the inflationary pressures from
domestic price and wage adjustments in a context of lower unemployment rates, these processes
have different natures and thus indicate that the model structure offers a more realistic treatment
of the inflation dynamics in open economies.

Finally, chapter 3 was dedicated to exploring what could be done to tackle the high
inequality levels that characterize capitalist societies and whether specific policy tools can be
framed to induce inclusive economic growth. The open economy model structure put forward in
chapter 2 was employed to test the effect of redistributive policies and labor market regulations
aiming to promote less unequal distribution of income. The analysis carried out compared three
stylized structures: a pro-market scenario, a redistributive scenario, and a pro-labor scenario.
The results were supportive of the effectiveness of combining redistributive policies and labor
market regulations to achieve inclusive economic growth: the transition from the archetypal
pro-market scenario towards the archetypal pro-labor scenario leads to lower inequality in the
functional and the personal income distribution, lower unemployment rate, and higher output
growth rate. Yet, the results also highlighted the complex nature of the relationship between these
policy tools, income inequality, and output growth, since many non-linearities and important
two- and three-way interaction effects were captured. Therefore, while providing strong and
robust support for regulations and policies aiming to combine more income equality and higher
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output growth, the results are also suggestive of the need of carefully designing and combining
these tools.

In sum, our results indicate that, while capitalist economic systems are prone to
generating inequalities endogenously, this distributive outcome can be influenced by external
shocks and inequality can be attenuated or mitigated by regulations and policies. Moreover, the
complex nature of the relationship between the level of economic activity and the distribution of
income shows that inclusive economic growth is not an inherent, and hence inevitable, property of
the system. Therefore, combining economic growth with more equality in the income distribution
requires active and adequate market regulations and well-designed policies as a prerequisite for
achieving such a desirable objective.
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Appendix A: Transaction flows matrix

The interactions between the agents in chapter 1 are represented by the transaction
flows matrix in table A.1 . Aggregate values are calculated before the entry and exit of con-
sumption goods firms takes place. These aggregate values are used to evaluate the consistency
of the model by checking if the relations expressed by table A.1 hold. We also check for the
consistency of real and nominal output from the income, expenditure, and production approaches.

Table A.1 : Transaction flows matrix

Households Consumption goods firms Capital goods firm Bank Public sector
∑

Current Capital Current Capital

Consumption −C$
H,t +Qs,$C,t 0

Investment −I$C,t +Q$
k,t 0

Inventories +∆QIN,$C,t −∆QIN,$C,t 0

Wages +W $
H,t −W $

C,t −W $
k,t −W $

g,t 0

Profits +Πh,$H,t −Πn,$C,t +(Πn,$C,t −Πh,$C,t) −Πn,$k,t +(Πn,$k,t −Πh,$k,t ) 0

Unemployment benefits +d$H,t −d$H,t 0

Taxes −T $
H,t +T $

H,t 0

Loan interest −iΛ$
C,t−1 +iΛ$

C,t−1 0

Deposit interest +iD$
H,t−1 +iD$

C,t−1 +iD$
k,t−1 −iD$

b,t−1 0

Bonds interest +iB$
t−1 −iB$

t−1 0

Change in loans +∆Λ$
C,t −∆Λ$

C,t 0

Change in deposits −∆D$
H,t −∆D$

C,t −∆D$
k,t +∆D$

t 0

Change in bonds −∆B$
t +∆B$

t 0∑
0 0 0 0 0 0 0 0

Note: The subscripts H and C the aggregate values of the households and consumption goods firms sectors
respectively. The + sign identifies sources of funds and the − sign identifies uses of funds. Source: author’s own

elaboration.



176

Appendix B: Model initialization and param-
eters

In chapter 1, the proportion of capitalists, indirect and direct workers reflect the
Brazilian social structure reported by Baltar and Rolim (2018). Accordingly, the number of
indirect workers and capitalists depends on the number of direct workers, as follows:

N ind =

⌈
Ndir

ndir
nind

⌉
(3.1)

N cap =

⌈
Ndir(1− ndir − nind)/ndir

N c +Nk

⌉
(N c +Nk) (3.2)

where Ndir is the number of direct workers, ndir and nind are the proportion of direct and indirect
workers respectively. The number of capitalists per firm is equal to ρ1 = N cap/(N c +Nk). The
number of direct workers as public servants (Ldirg ) is given by a multiple ng of the number of
direct workers employed by the private sector in the model’s initialization, while the number of
indirect workers as public servants is given by Lindg = Ldirg dN ind/Ndirc.

Workers’ initial wages are set according to their class, as follows:

wdir,$ = %1w
min,$
0 (3.3)

wind,$ = %2w
dir,$ (3.4)

where %1,2 > 1 are parameters. These initial wages represent the initial desired wages by firms
and workers as well as the wage paid by all sectors in t = 0. Firms start the simulation with a
number of employees given by their initial production level and the government starts with the
fixed number of employees (Lindg and Ldirg ). Workers who are employed in t = 0 are assumed to
be working since t = −3, while unemployed workers in t = 0 are assumed to have had their last
employment in t = −4.

Consumption goods firms start with the same full capacity production level (Qfc
c,0).

It is assumed that the machines were produced between t = −T k/2 and t = 0 and that their
productivity rates differ by a factor %3 > 0 per period.44 Thus, each firm has a heterogeneous set
of machines, but, as this heterogeneity is equal for all firms, there is a homogeneous composition

44For instance, if a machine is assumed to belong to a vintage from t = −T k/2, its productivity will be equivalent
to a ratio (1− %3)T

k/2 of the productivity of a machine produced in t = 0.
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of the capital stock across firms. It is also assumed that firms’ initial production and sales are
equal to their desired capacity utilization level and that inventories are at the desired level. The
capital goods firm’s initial production is proportional to the number of capital goods owned by
the consumption goods firms and their lifetime and it is assumed that there is no increase in
productivity in the first time step. The bank’s initial liabilities are equal to the sum of deposits
held by all agents and its net worth (for simplicity, set at the same value as the sum of deposits).
Its assets are equal to the consumption goods firms’ initial loans (assumed to be equal to their
production costs in t = 0) and the government bonds (whose value closes the bank’s initial
balance sheet). Thus, in the initial period the central bank does not hold any government bonds.

The parameters used in the baseline scenario are reported below:

Table B.1: Parameters and initial values in baseline scenario

Symbol Description Value

α, β Beta distribution parameters (innovation) (3, 3)
γ1 sensitivity of desired wage by workers to inflation 1
γ2 sensitivity of desired wage by workers to output growth rate 1
γ3 sensitivity of reservation wage to periods of unemployment 0.05
γ4 minimum difference between desired and reservation wages 0.1
δ entrant firms’ expected sales share of sector average sales (C

sector)
0.5

ζ search capability (K firm) 0.18
ϑ employees turnover share 0.05
µc,0 initial mark-up rate (C firms) 0.7
µk mark-up rate (K firm) 0.6
ν1 sensitivity of mark-up rate to market share (C firms) 0.04
ν2 mark-up deviation persistence (C firms) 0.99
ν3 sensitivity of mark-up deviation to unit costs (C firms) 0.25
ν4 sensitivity of market share to competitiveness (C firms) 1
ρ1 number of capitalists per firm? 1
ρ2 proportion of revenue to R&D (K firms) 0.15
ρ3 managers per direct workers (K firms) 0.24
ρ4 indirect workers per direct worker (C firms) 0.28
ρ5 indirect workers per direct worker at full capacity production

(C firms)
0.09

%1 initial ratio between direct workers wage and minimum wage 2
%2 initial ratio between indirect workers wage and direct workers

wage
2

%3 initial productivity difference between vintages 0.001

continued . . .
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. . . continued

Symbol Description Value

τ tax rate on income 0.05
φ sensitivity of workers’ bargaining power to employment rate 0.9
ω1,2,3,4 sensitivity of expected demand to past demand (C firms) (0.4, 0.3,

0.2, 0.1)
b payback rule threshold 2
c1 real consumption persistence 0.9
cdir,ind,cap2 propensity to consume out of income (direct workers, indirect

workers, capitalists)
(0.95, 0.85,
0.7)

h sensitivity of productivity to unfilled demand for managers and
supervisors

1

i base interest rate 0.002
Ldir,indg workers hired as public servants ? (287,116)
msmin minimum market share to stay in the market (C firms) 0.0005
N c number of consumption goods firms 200
Ndir,ind,cap number of direct workers, indirect workers?, and capitalists? (1754,707,201)
ndir,ind percentage of direct and indirect workers in total population (0.67, 0.27)
ng proportion of public servants in total initial employment (direct

workers)
0.2

nIN desired share of inventories 0.1
ns,dir,ind proportion of workers in survey (0.15, 0.3)
nw number of hiring rounds per open position 1.5
Qfc
c,0 initial full capacity production (C firms) 80

Qfc
m machines production at full capacity 2.5

R maximum interest payments to cash flow ratio 0.1
T c number of periods before a new firm can exit the market 5
T k machines lifetime 20
ud desired capacity utilization level 0.8
wmin,$0 initial minimum wage 1
x Beta distribution support parameter 0.1

Note: ? identifies values determined in the model’s initialization. Equation or section numbers in parentheses
indicate where the parameters first appear in the text. Source: author’s own elaboration.



179

Appendix C: Model parameters

The initial conditions for the open economy model are set following the procedure
outlined for the closed economy model (Appendix A). The parameters used in the baseline
scenario in chapter 2 are reported below:

Table C.1: Parameters and initial values in baseline scenario

Symbol Description Value

α, β Beta distribution parameters (innovation) (3, 3)
γ1 sensitivity of desired wage by workers to inflation 1
γ2 sensitivity of desired wage by employed workers to output

growth rate
1

γ5 sensitivity of desired wage by unemployed workers to periods
of unemployment

0.01

γ6 sensitivity of firms’ desired wage to change in unemployment
rate

0.5

γ7 adjustment in offered wage in case of unfilled job positions 0.1
δ entrant firms’ expected sales share of sector average sales (C

sector)
0.5

ζ search capability (K firm) 0.034
ϑ employees turnover share 0.05
λ1 interest rate smoothing parameter 0.5
λ2 interest rate sensitivity to inflation gap 0.5
λ3 exchange rate sensitivity to trade balance 0.15
λ4 exchange rate sensitivity to change in the interest rate differen-

tial
2

µc,0 initial mark-up rate (C firms) 0.8
µmin minimum mark-up rate (C firms) 0.1
µk mark-up rate (K firm) 0.6
ν1 sensitivity of mark-up rate to market share (C firms) 0.04
ν2 mark-up deviation persistence (C firms) 0.99
ν3 sensitivity of mark-up rate to unit costs (C firms) 0.1
ν4 sensitivity of market share to competitiveness (C firms) 1
ν5 sensitivity of mark-up rate to exports growth (C firms) 0.2
ρ1 number of capitalists per firm? 1

continued . . .
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. . . continued

Symbol Description Value

ρ2 proportion of revenue to R&D (K firms) 0.15
ρ3 managers per direct workers in (K firms) 0.24
ρ4 indirect workers per direct worker (C firms) 0.24
ρ5 indirect workers per direct worker at full capacity production

(C firms)
0.1

%1 initial ratio between direct workers wage and minimum wage 1.5
%2 initial ratio between indirect workers wage and direct workers

wage
1.5

%3 initial productivity difference between vintages 0.001
τ tax rate on income 0.15
τ i tax rate on interest on deposits 0.15
ι1 sensitivity of probability of exporting to domestic market share 100
ι2 maximum domestic firms’ market share of foreign market 8e-05
ι3 sensitivity domestic firms’ market share of foreign market to

price competitiveness
0.8

ι4 maximum foreign sector’s market share of the domestic market 0.3
ι5 sensitivity foreign sector’s market share of the domestic market

to price competitiveness
0.8

φ sensitivity of surveyed wage weight in bargaining to employ-
ment rate

0.9

b payback rule threshold 3
c1 real consumption persistence 0.8
cdir,ind,cap2 propensity to consume out of income (direct workers, indirect

workers, capitalists)
(0.95, 0.85,
0.75)

c3 propensity to consume out of deposits 0.001
cx foreign sector’s propensity to consume 0.8
gx foreign sector’s real output growth rate 0.008
h sensitivity of productivity to unfilled demand for managers and

supervisors
1

i0 initial base interest rate 0.01
imin minimum base interest rate 1e-07
ix foreign sector’s interest rate 0.005
k pricing to market parameter 0.1
Ldir,indg workers hired as public servants ? (287, 116)
msmin minimum market share to stay in the market (C firms) 0.0005
msexp minimum market share for accessing foreign market (exporters) 0.005

continued . . .
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. . . continued

Symbol Description Value

N c number of consumption goods firms 200
Ndir,ind,cap number of direct workers, indirect workers?, and capitalists? (1754, 707,

201)
ndir,ind percentage of direct and indirect workers in total population (0.67, 0.27)
ng proportion of public servants in total initial employment (direct

workers)
0.2

nIN desired share of inventories 0.1
ns,dir,ind proportion of workers in survey (0.15, 0.3)
nw number of hiring rounds per open position 1.5
p̂T inflation rate target 0.005
p̂x foreign sector’s inflation rate 0.005
Qfc
c,0 initial full capacity production (C firms) 80

Qfc
m machines production at full capacity 2.5

R maximum interest payments to cash flow ratio 0.4
s sensitivity of probability of on-the-job search to difference in

wages
5

T c number of periods before a new firm can exit the market 5
T e number of periods in the exchange rate adjustment to a change

in the interest rate differential
4

T k machines lifetime 20
T p number of periods in average inflation (inflation targeting

regime)
1

T u number of periods of unemployment benefit 4
ud desired capacity utilization level 0.8
wmin,$0 initial minimum wage 1
v expansion investment adjustment speed 0.5
ŵmax maximum desired wage real growth rate 0.1
x Beta distribution support parameter 0.15

Note: ? identifies values determined in the model’s initialization. Source: author’s own elaboration.
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Appendix D: Model parameters

The initial conditions for the open economy model are set following the procedure
outlined for the closed economy model (Appendix A). The parameters used in the baseline
scenario in chapter 3 are reported below:

Table D.1: Parameters and initial values in baseline scenario

Symbol Description Value

α, β Beta distribution parameters (innovation) (3, 3)
γ1 sensitivity of desired wage by workers to inflation 1
γ2 sensitivity of desired wage by employed workers to output

growth rate
1

γ5 sensitivity of desired wage by unemployed workers to employ-
ment rate

0.001

γ6 sensitivity of firms’ desired wage to change in unemployment
rate

0.1

γ7 sensitivity of offered wage to hiring 0.1
δ entrant firms’ expected sales share of sector average sales (C

sector)
0.5

ζ search capability (K firm) 0.04
ϑ employees turnover share 0.05
λ1 interest rate smoothing parameter 0.2
λ2 interest rate sensitivity to inflation gap 0.5
λ3 exchange rate sensitivity to trade balance 0.1
λ4 exchange rate sensitivity to interest rate differential 2
µc,0 initial mark-up rate (C firms) 0.5
µmin minimum mark-up rate (C firms) 0.1
µk mark-up rate (K firm) 0.6
ν1 sensitivity of mark-up rate to market share (C firms) 0.04
ν2 mark-up deviation persistence (C firms) 0.99
ν3 sensitivity of mark-up rate to unit costs (C firms) 0.1
ν4 sensitivity of market share to competitiveness (C firms) 1
ν5 sensitivity of mark-up rate to exports growth (C firms) 0.2
ρ1 number of capitalists per firm? 1
ρ2 proportion of revenue to R&D (K firms) 0.15

continued . . .
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. . . continued

Symbol Description Value

ρ3 managers per direct workers in (K firms) 0.24
ρ4 indirect workers per direct worker (C firms) 0.24
ρ5 indirect workers per direct worker at full capacity production

(C firms)
0.1

%1 initial ratio between direct workers wage and minimum wage 2
%2 initial ratio between indirect workers wage and direct workers

wage
2

%3 initial productivity difference between vintages 0.001
τ target tax rate on income 0.15
τdif difference in the tax rates 0
τ i tax rate on interest on deposits 0.15
ι1 sensitivity of probability of exporting to domestic market share 25
ι2 maximum domestic firms’ market share of foreign market 5e-05
ι3 sensitivity domestic firms’ market share of foreign market to

price competitiveness
0.8

ι4 maximum foreign sector’s market share of the domestic market 0.15
ι5 sensitivity foreign sector’s market share of the domestic market

to price competitiveness
0.8

φ sensitivity of surveyed wage weight in bargaining to employ-
ment rate

0.4

b payback rule threshold 3
c1 real consumption persistence 0.8
cdir,ind,cap2 propensity to consume out of income (direct workers, indirect

workers, capitalists)
(0.95, 0.85,
0.75)

c3 propensity to consume out of deposits 0.005
cx foreign sector’s propensity to consume 0.8
gx foreign sector’s real output growth rate 0.008
h sensitivity of productivity to unfilled demand for managers and

supervisors
0.05

i0 initial base interest rate 0.01
imin minimum base interest rate 1e-07
ix foreign sector’s interest rate 0.005
k pricing to market parameter (exports) 0
Ldir,indg workers hired as public servants ? (287, 116)
msmin minimum market share to stay in the market (C firms) 0.0005
msexp minimum market share for accessing foreign market (exporters) 0.005

continued . . .
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. . . continued

Symbol Description Value

N c number of consumption goods firms 200
Ndir,ind,cap number of direct workers, indirect workers?, and capitalists? (1754, 707,

201)
ndir,ind percentage of direct and indirect workers in total population (0.67, 0.27)
ng proportion of public servants in total initial employment (direct

workers)
0.2

nIN desired share of inventories 0.1
nmw threshold for high tax rate (multiples of the minimum wage) 3
ns,dir,ind proportion of workers in survey (0.15, 0.3)
nw number of hiring rounds per open position 1.5
p̂T inflation rate target 0.005
p̂x foreign sector’s inflation rate 0.005
Qfc
c,0 initial full capacity production (C firms) 80

Qfc
m machines production at full capacity 2.5

R maximum interest payments to cash flow ratio 0.1
s sensitivity of probability of on-the-job search to difference in

wages
5

T c number of periods before a new firm can exit the market 5
T e number of periods in the exchange rate adjustment to a change

in the interest rate differential
4

T k machines lifetime 20
T p number of periods in average inflation (inflation targeting

regime)
4

T u number of periods of unemployment benefit 0
ud desired capacity utilization level 0.8
wmin,$0 initial minimum wage 1
v expansion investment adjustment speed 0.5
ŵmax maximum desired wage real growth rate 0.1
x Beta distribution support parameter 0.15

Note: ? identifies values determined in the model’s initialization. Source: author’s own elaboration.
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Appendix E: Automating simulation runs

The AB model presented in this dissertation was built using the LSD program.
In order to alter the parameters, create multiple scenarios, run and parallelize the simula-
tions without the need of using the LSD interface, a shell based program called "Purpurea"
was built especially for this dissertation. It runs on *nix systems and is publicly available at
https://github.com/lirolim/purpurea under GNU General Public License. The main features of
the program are:

• Query and change specific parameter values in a simulation file (.lsd);

• Create a set of experiments based on a single simulation file (baseline) and easily alter
their parameters with a single command;

• Automatically create a log file saving all parameter changes in the simulation file and main
results for selected variables;

• Compile and run simulations using a no-window version of the model;

• Parallelize one (or more simulation files) when running Monte Carlo simulations in order
to use all processing units available;

• Automatically run the R script to create plots for key variables.

While it is still required to have the LMM and LSD programs installed in order to
compile the model and create the initial model structure (variables and agents), Purpurea helps
to alter parameters more easily, optimize the simulations, and to automate the data visualization
using R.

In this dissertation, Purpurea aided the calibration process, making it more efficient
since the parameters could be changed with a single command and the graphs in R were
automatically generated. It was also used to create the set of simulation files for the experiments
and to execute the Monte Carlo runs for single or multiple .lsd files in parallel, thus using all
processing units available (in some cases, this meant running the simulation about eight times
faster). Purpurea was also required to run the simulations remotely, since part of the simulations
undertaken during the research process were executed either in a server in the cloud or in a
computer that could not be accessed physically.

https://github.com/lirolim/purpurea
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