
FUNDAÇÃO GETULIO VARGAS
ESCOLA DE ECONOMIA DE SÃO PAULO

RAFAEL DA SILVA VASCONCELOS

ESSAYS ON ECONOMIC GROWTH

São Paulo, Brasil.
2014

mailto:vasconcelos.rafael@hotmail.com


FUNDAÇÃO GETULIO VARGAS
ESCOLA DE ECONOMIA DE SÃO PAULO

RAFAEL DA SILVA VASCONCELOS

ESSAYS ON ECONOMIC GROWTH

Tese apresentada à Escola de Economia de
São Paulo da Fundação Getulio Vargas como
requisito para a obtenção do título de doutor
em economia.

Orientador: Vladimir Kühl Teles

São Paulo, Brasil.
2014

mailto:vasconcelos.rafael@hotmail.com


Vasconcelos, Rafael da Silva.
     Essays on Economic Growth / Rafael da Silva Vasconcelos. - 2014.
     111 f.

     Orientador: Vladimir Kühl Teles
     Tese (doutorado) - Escola de Economia de São Paulo.

     1. Desenvolvimento econômico. 2. Brasil - Indústrias. 3. Mudança estrutural. I. 
Teles, Vladimir Kühl. II. Tese (doutorado) - Escola de Economia de São Paulo. III. 
Título.

CDU 330.34(81)



RAFAEL DA SILVA VASCONCELOS

ESSAYS ON ECONOMIC GROWTH

Tese apresentada à Escola de Economia de
São Paulo da Fundação Getulio Vargas como
requisito para a obtenção do título de doutor
em economia.

Área de conhecimento: Macroeconomia

Data da aprovação: 17/12/2014

Banca Examinadora:

Prof. Dr. Vladimir Kühl Teles (Escola de
Economia de São Paulo)

Prof. Dr. Bernardo Vasconcellos Guimarães
(Escola de Economia de São Paulo)

Prof. Dr. Enlinson Henrique Carvalho de
Mattos (Escola de Economia de São Paulo)

Prof. Dr. Mauro Rodrigues Jr. (Universidade
de São Paulo)

Prof. Dr. Tiago Vanderlei de Vasconcelos
Cavalcanti (University of Cambridge)

mailto:vasconcelos.rafael@hotmail.com


ACKNOWLEDGMENTS

Although this dissertation appears to have been completed by one person, I hereby
acknowledge the help and suggestions of various people.

I am grateful to my advisor Vladimir Teles for all his guidance. I would like to thank the
professors of the graduate program from Sao Paulo School of Economics for their instruction.
I would also like to thank the members of the thesis committee for all their contributions.

I thank Bernardo Guimarães, Tiago Cavalcanti, and seminar participation at the 42th
Meeting of Brazilian Association of Graduate Programs in Economics, the 28th International
Business Research Conference, and the Thesis Seminars of Sao Paulo School of Economics for
helpful comments and suggestions. I also thank the IBGE for providing us access to confidential
firm-level data.

I would like to thank my graduate colleagues and friends. Thanks to Turma do Copão,
players of Itavegas, and college friends for the good times. I also thank Jacqueline Vital, Paulo
Henrique Vaz, and Sammara Cavalcanti each for their individual help. I am very grateful to
Stefânia Grezzana for the research partnership and unconditional friendship. I would like to
thank my family, my brother - Filipe Vasconcelos - and my stepfather -Amauri Rocha. A
special thanks to my mother -Eleir Vasconcelos - for the support and incentives.

Finally, I thank FAPESP for their financial support.

v



ABSTRACT

This dissertation is a conjunction of three essays on the economic growth field. The first
essay investigates the existence of resource misallocation in the Brazilian manufacturing sector
and measures possible distortions in it. The second essay demonstrate that there is a distinct
pattern of structural change between economies and this pattern differs because there are some
factors that distort the relative prices and also affect the output productivity. Finally, using a
cross-industry cross-country approach, the third essay investigates the existence of an optimal
level of competition to enhance economic growth.

Keywords: Economic development; Brazil - Industries; Structural change.

JEL Classification: L16, L60, O47.
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RESUMO

Essa tese é composta por três ensaios sobre crescimento econômico. O primeiro ensaio
investiga a existência de resource misallocation no setor manufatureiro brasileiro e mensura
as possíveis distorções ocasionadas. O segundo ensaio demonstra que existe um padrão
de mudança estrutural distinto entre países e esse padrão difere porque existem fatores que
distorcem os preços relativos e que também afetam a produtividade do produto. Por último,
usando uma abordagem cross-industry cross-country, o terceiro ensaio investiga a existência
de um nível ótimo de competição que eleve o crescimento econômico.

Palavras-chave: Desenvolvimento econômico; Brasil - Indústrias; Mudança estrutural.
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CHAPTER 1

Introduction

A fundamental question in development economics is why some economies are rich and
others poor. To illustrate the income per capita gap across economies consider that the average
gross domestic product (GDP) per capita of the richest 10 percent of economies in the year
2010 was a factor of 40-fold that of the poorest 10 percent of economies. In other words,
the average person in a rich economy produces in just over 9 days what the average person in a
poor economy produces in an entire year. What are the factors that can explain this difference in
standard of living across the world today? With this in view, this dissertation is a conjunction of
three essays on the economic growth field which we seek a possible responses to this question.

One key question is then: What are the sources of low total factor productivity (TFP) in poor
economies? The literature has emphasized the possibility that resources may not be efficiently
distributed across production opportunities thereby generating lower TFP. This perspective has
appeal in understanding productivity differences across economies for at least two reasons.
First, in rich economies, it is well established that the reallocation of factors across productive
units explains a large portion of productivity growth over time. Second, it is widely recognized
that a number of policies and institutions prevalent in poor economies can distort the allocation
of factors across productive units. This is what the literature broadly refers to as misallocation.

We investigate the existence of resource misallocation in the Brazilian manufacturing sector
as well as measuring possible distortions in the chapter 2. Secondarily, to inquire how this
misallocation may relate to the economic crisis. For this we use firm-level data for the
1996-2011 period and a similar method of computation as the one developed by Hsieh and
Klenow (2009). The results show that there is some variability in the dispersion of inputs for
the same level of production between firms and sectors. This finding suggests that there is
a misallocation in the Brazilian manufacturing sector. This misallocation decreased between
1996 and 2005 but has been growing since then. We also find that the economic crisis did not
have a substantial effect on the aggregate TFP or on the sector’s misallocation. However, small
firms in particular seem to be strongly affected in a global crisis. Furthermore, the effects
described would be attenuated if we consider linkages and complementarity effects among
sectors. Despite Brazil’s well-known high tax burden, there is not evidence that this is the
main source of resource misallocation.

Other relevant reason is that the composition of production and employment are an
important part of the process of economic development and because similar changes are present
even beneath the facade of balanced modern growth. Then, there is a need to check the pattern of
the structural change occurring in developing economies, and it will be important to understand
output gap between economies. Moreover, there is a pattern of production in the Brazilian
manufacturing sector that differs from that observed in the industrialized economies. This
pattern is not fully explained by models that focus on the allocation of resources.

From describe above, the aim of chapter 3 is to present a theoretical framework that also
explains this pattern observed in developing economies. We will present a multi-sector model
of economic growth with structural change. First, we introduce a public good in the production
function of the intermediate goods firms, and a government can levy taxes on these firms
to finance this public good. We seek to demonstrate that the government would change the
allocation of inputs to affect the relative prices of the intermediate goods, mainly because the

1



public good would be insufficiently provided or the tax would be excessive. Second, we will
be introducing a majority decision to choose the tax system. This environment can accelerate
the structure change of production or imply the persistence of harmful structures to economic
growth. Third, we also demonstrate that structural change differs between economies basically
because there is a resource misallocation. The results of the calibration exercises indicate
that the mechanism proposed in this chapter can generate changes in the sectoral composition
and they are broadly comparable to the changes we observe in the manufacturing sector in
developing economies.

We also shall consider one aspects on which growth theory delivers distinctive predictions
in chapter 4. The relationship between economic growth and industrial organization. A faster
innovation growth is generally associated with higher turnover rates. Moreover, competition
appears to be positively correlated with output growth. In contrast, the schumpeterian growth
paradigm can partially rationalize the negative correlation between competition and output
growth. In addition, it can account for several interesting facts about competition and
growth which no other growth theory can explain. Given a well-know fact that the greater
technological level, the greater economic growth. Thus, competition and growth display an
inverted-U relationship: starting for an initially low level of competition, higher competition
stimulates innovation and output growth; starting from a high initial level of competition, higher
competition has a negative effect on innovation and output growth.

Then, the chapter 4 aims to clarify how the degree of competition and the output growth
rate are correlated. This correlation would be distinct and dependent on the distance that the
industry-country is to the technological frontier and the idiosyncrasies of each industry-country.
We show the effect of varying the competition level on the growth of product for the industries
in the developing economies. Thus, the difference in competition industry-country level would
be a channel to explain the output per worker gap between economies. Our results imply that
there is an inverted-U relationship between competition and the growth rate of output across
industries and countries. The same is also distinctive among industrialized and developing
economies. This effect on the growth rate depends on the competition measurement used.

Finally, we present the conclusions for this dissertation in chapter 5.

2



CHAPTER 2

Misallocation in the Brazilian manufacturing sector

Abstract

This chapter investigates the existence of resource misallocation in the Brazilian
manufacturing sector and measures possible distortions in it. Using a similar method of
measurement to the one developed by Hsieh and Klenow (2009) and firm-level data for
1996-2011 we find evidence of misallocation in the manufacturing sector during the observed
period. Moreover, our results show that misallocation has been growing since 2005, and
it presents a non-smooth dynamic. Significantly, we find that the Brazilian manufacturing
sector operates at about 50% of its efficient product. With this, if capital and labor were
optimally reallocated between firms and sectors we would obtain an aggregate output growth
of approximately 110-180% depending on the mode in which the capital share is measured.
We also find that the economic crisis did not have a substantial effect on the total productivity
factor or on the sector’s misallocation. However, small firms in particular seem to be strongly
affected in a global crisis. Furthermore, the effects described would be attenuated if we consider
linkages and complementarity effects among sectors. Finally, despite Brazil’s well-known
high tax burden, there is not evidence that this is the main source of resource misallocation.
Keywords: Resource misallocation, TFP, Firm-level data.

1. Introduction

There are significant differences in output per worker between industrialized and developing
countries. With this in aim, the literature of economic growth argument that this gap is
primordially due to the differences of technical progress and the savings rate between countries
(Lucas, 1988). However, the allocation of inputs across sectors and countries is also distinct.
Most of the total factor productivity (TFP) could be distinct and unmeasured between sectors
and countries. According to Hopenhayn (1992), the heterogeneity of productive structures and
different economic conditions could result in the suboptimal allocation of inputs. From that,
some of the economic literature investigates the misallocation of resources and its impact on
economic development. With this in view, this chapter will focus on the relationship between
the resource misallocation at firm-level, the aggregate TFP, and the economic growth.

In this context, Hsieh and Klenow (2009) examine the misallocation of firms’ inputs. The
authors use the change in value of the marginal product of inputs across firms as a measurement
to show how the misallocation of resources at the firm-level affects aggregate TFP. Their results
imply that if the manufacturing sectors of India and China had the same degree of misallocation
as the U.S. manufacturing sector, their aggregate products would grow approximately 30-50%
and 40-60%, respectively. From an empirical and theoretical point of view, this work exposes
the importance of relative prices, the factors that distort these prices, and how all this influences
misallocation (Restuccia and Rogerson, 2013). Moreover, many other studies explain how
differences in the aggregate TFP between countries are affected by resource allocation (Foster
et al., 2008; Collard-Wexler et al., 2011) and how economic policies affect this allocation
(Restuccia and Rogerson, 2008; Bartelsman et al., 2013; Buera and Shin, 2013).

The fundamental thesis of this chapter is that the allocation of inputs between firms affects
the aggregate TFP. Consequently, relative prices are fundamental to this relation. Prices are
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subject to political, social and economic conditions, which can affect the decision making
process and influence the allocation of inputs (Melitz, 2003; Melitz and Ottaviano, 2008;
Restuccia and Duarte, 2012). Examples of allocative restrictions are a flawed tax system1 or
a labor market with low flexibility2; these restrictions impact relative prices, the allocation of
a firm’s inputs and the aggregate TFP. Attacking these restrictions, Restuccia and Rogerson
(2008) find that much of the observed decrease in the TFP in some countries originates from
the fact that tax rates are negatively correlated with the optimal allocation of inputs. Moreover,
Restuccia and Rogerson (2013) suggest that any change in the tax rates that does not consider
firm characteristics would lead to a further loss in the aggregate TFP.

Misallocation of resources could also be correlated with economic changes. How would
misallocation of resources affect and be affected in periods of economic crisis? During
economic crisis, social planners will make decisions envisioning the attenuation of the crisis’
effects, such as expansionary fiscal policies that are used to encourage economic growth
during recessions. However, depending on the crisis and the policy adopted, a growth in the
misallocation of resources can occur, because relative prices can be distorted in this situation
(Oberfield, 2013). For example, an asymmetrical increase in taxes or subsidies among sectors
changes the relative prices and affects the product and income structure. This change would be
permanent or temporary and would involve gains or losses in the aggregate economy.

Therefore, this chapter investigates the existence of misallocation of resources in the
Brazilian manufacturing sector and measures possible distortions. This chapter also inquires
how this misallocation may relate to economic crisis. We use firm-level data for 1996-2011
and a similar method of computation as the one developed by Hsieh and Klenow (2009).
Brazil’s economy is the focal point because of its various peculiarities. A high tax burden,
a weak judicial system and a poor infrastructure in Brazil could result in a high misallocation
of resources. Figure 2.1 presents Brazil’s price and TFP levels. According to this figure, the
price of capital is low compared with the U.S. economy. Moreover, comparing with the global
economic crisis, these prices differ from the average prices in the Brazilian economy. Thus,
capital loses its relative value and this fact implies that the value of the average product falls to
the same level of capital. This result could be a sign of misallocation.

The results show that there is some variability in the dispersion of inputs for the same level
of production between firms and sectors. This finding suggests that there is a misallocation of
resources in the Brazilian manufacturing sector. This misallocation decreased between 1996 and
2005 but has been growing since then. We measure how much aggregate manufacturing output
in Brazil could increase if capital and labor were reallocated to equalize marginal products
across firms within 4-digit sector to the extent observed in the U.S. This method is similar to
the one developed by Hsieh and Klenow (2009). We find that moving to U.S. efficiency would
increase aggregate growth by 160-180%. We also use production factors parameterized using
Brazilian firm-level data. In this case, we find that moving to Brazilian Firm-Specific efficiency
would increase aggregate growth by 110-130%.

Regarding economic crisis, the focus here is restricted to the Asian financial crisis (1998),
the Domestic crisis (2002) and the Subprimes crisis (2008). The Asian and Subprimes crisis
could reduce the availability of capital in the Brazilian economy. The Brazilian crisis in 2002
was caused by political uncertainties. The results showed that in periods of crisis, the change of
misallocation was more severe for small firms in the Brazilian market.

Thus, this chapter contributes to the literature by documenting misallocation of resources
in the Brazilian manufacturing sector and suggests explanations for this misallocation. The
relevance of this chapter is confirmed by the magnitude of the results and can help to understand
the persistence of the differences in output per capita between countries. The results suggests
1See Romer and Romer (2010) and Kneller et al. (1999) for example.
2See Lentz and Mortensen (2008) and Jeong and Townsend (2007) for example.
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that this difference is potentiated by misallocation of resources. In the Brazilian manufacturing
sector, this potentiality is substantial.

The remainder of this chapter is organized as follows. Section 2 describes the basic
framework for the measurement of misallocation of resources. Section 3 presents the data
and the empirical results. Section 4 contains further discussion regarding the measurement of
misallocation. Finally, section 5 concludes.

2. Basic framework

We characterize a simple framework similar to the framework constructed by Hsieh and
Klenow (2009) and utilized by others authors. Therefore, we will use the monopolistic
competition model with heterogeneous firms. Misallocation of resources at the firm-level affects
the aggregate TFP in this model. Thus, we quantify how much of the change in the Solow
residual results from changes in input allocation.

2.1. Environment. Suppose a closed economy without government in an infinite life-time
𝑡 ∈ [0,∞). We assume there is a single final good 𝑌𝑡 produced by a representative firm in a
perfectly competitive final output market. This final good combines the intermediate good 𝑌𝑠𝑡

of 𝑆 manufacturing sectors using Cobb-Douglas technology

(2.1) 𝑌𝑡 =
∏︁
𝑠∈𝑆

𝑋𝜃𝑠
𝑠𝑡 ,

where 𝜃𝑠 ∈ (0, 1) and
∑︀

𝑠∈𝑆 𝜃𝑠 = 1. The profit maximization by the final good producer implies
that 𝜃𝑠 = 𝑃𝑠𝑡𝑋𝑠𝑡/𝑃𝑡𝑌𝑡 for each sector. Thus, 𝜃𝑠 represents the weight of a sector in the economy.
Therefore, 𝑃𝑠𝑡 is the price of the intermediate good for each sector and 𝑃𝑡 =

∏︀
𝑠∈𝑆(𝑃𝑠𝑡/𝜃𝑠)

𝜃𝑠

represents the price of the final good. The price of the final good is a numeraire.
Each sector combines heterogeneous goods 𝑋𝑖𝑠𝑡 for 𝐼𝑠 firms using CES technology

(2.2) 𝑋𝑠𝑡 =

(︃∑︁
𝑖∈𝐼𝑠

𝑋
𝜎−1
𝜎

𝑖𝑠𝑡

)︃ 𝜎
𝜎−1

,

where 𝜎 ∈ (0,∞). Assume that the firm’s production function is

(2.3) 𝑋𝑖𝑠𝑡 = 𝑀𝑖𝑠𝑡𝐾
𝛼𝑠
𝑖𝑠𝑡𝐿

1−𝛼𝑠
𝑖𝑠𝑡 ,

where 𝛼𝑠 ∈ (0, 1) is capital share, 𝑀𝑖𝑠𝑡 is TFP, 𝐿𝑖𝑠𝑡 is a labor factor, and 𝐾𝑖𝑠𝑡 is physical capital.
Assume that the capital share is sector-invariant. Assume price-taking consumers so that all the
final goods are produced and subsequently consumed by consumers.

There are two relevant points regarding the firm’s production function. First, we require
that 𝛼 does not change within sectors. It is plausible that the input proportion does not vary
substantially between firms in the same sector. However, this variability can exist and this
fact potentiates the misallocation of resources3. Therefore, we will relax this assumption in
the next subsection. Second, the functional form of the production function could imply that
misallocation of resources is nothing other than the technological heterogeneity of firms. We
are aware of this problem and we will check the key parameters in the quantitative analysis
section, mainly 𝛼 and 𝜎.

3For example, employees are more productive in some firms compared with other firms because some unmeasured
element can exist, such as the worker’s environment. Therefore, some firms can make more efficient use of capital.
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2.2. The measurement of distortions on inputs. We will identify the distortions on inputs
that will affect their market values. According to Hsieh and Klenow (2009), because there
are two separable factors of production, we can identify distortions. We denote distortions
that increase the marginal products of capital and labor by the same proportion as an output
distortion 𝜏𝑌 𝑖𝑠. In turn, we denote distortions that raise the marginal product of capital relative
to labor as the capital distortion 𝜏𝐾𝑖𝑠. These distortions vary across firms, sectors, and time. For
example, 𝜏𝑌 𝑖𝑠 is high because of a legal restriction on prices or high transport costs and 𝜏𝐾𝑖𝑠 can
represent the credit limit. In this context, the firm’s profit is

(1 − 𝜏𝑌 𝑖𝑠)𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡 − 𝑤𝑖𝑠𝑡𝐿𝑖𝑠𝑡 − (1 + 𝜏𝐾𝑖𝑠)𝑅𝑡𝐾𝑖𝑠𝑡,

where 𝑤𝑖𝑠𝑡 is the wage and 𝑅𝑡 is the cost of capital. These the costs are time-variant. The
maximization problem of each firm implies that

(2.4) 𝑃𝑖𝑠𝑡 =
𝜎

𝜎 − 1

(︂
𝑅𝑡

𝛼𝑠

)︂𝛼𝑠
(︂

𝑤𝑖𝑠𝑡

1 − 𝛼𝑠

)︂1−𝛼𝑠 (1 + 𝜏𝐾𝑖𝑠)
𝛼𝑠

𝑀𝑖𝑠𝑡(1 − 𝜏𝑌 𝑖𝑠)
.

Thus, the distortions affect the good price of each firm. Moreover, this effect is potentiated by
capital share.

Suppose allocative choice depends only on technological level. However, inputs can have
their values distorted (Hsieh and Klenow, 2009). Thus, resource allocation would result from
differences between the input marginal revenue among firms. The marginal revenue product
of labor is proportional to revenue per worker. The marginal revenue product of capital is
proportional to the revenue-capital ratio. These facts are given, respectively, by

𝑀𝑅𝑃𝐿𝑖𝑠𝑡 =
1

1 − 𝜏𝑌 𝑖𝑠

𝑤𝑖𝑠𝑡,(2.5a)

𝑀𝑅𝑃𝐾𝑖𝑠𝑡 =
1 + 𝜏𝑌 𝑖𝑠

1 − 𝜏𝑌 𝑖𝑠

𝑅𝑡.(2.5b)

Intuitively, ex post the marginal revenue of inputs is equalized. However, ex ante the marginal
revenue of inputs is relatively small for some firms. This factor would reduce incentives for
firm efficiency.

We then derive aggregate TFP as a function of misallocation of resources at the firm-level.
Solving the allocative equilibrium between sectors we have 𝐿𝑠𝑡 =

∑︀
𝑖∈𝐼𝑠 𝐿𝑖𝑠𝑡 and 𝐾𝑠𝑡 =∑︀

𝑖∈𝐼𝑠 𝐾𝑖𝑠𝑡, the total input in each sector. Therefore, in equilibrium, these variables can be
rewritten as a function of the value of the marginal product of inputs in each sector4. We define
𝐿𝑡 =

∑︀
𝑠∈𝑆 𝐿𝑠𝑡 and 𝐾𝑡 =

∑︀
𝑠∈𝑆 𝐾𝑠𝑡 as aggregate labor and aggregate capital, respectively. The

real and nominal TFP at the firm-level are, respectively,

𝑇𝐹𝑃𝑅𝑖𝑠𝑡 ≡ 𝑀𝑖𝑠𝑡 =
𝑋𝑖𝑠𝑡

𝐾𝛼𝑠
𝑖𝑠𝑡𝐿

1−𝛼𝑠
𝑖𝑠𝑡

,

𝑇𝐹𝑃𝑄𝑖𝑠𝑡 ≡ 𝑃𝑖𝑠𝑡𝑀𝑖𝑠𝑡 =
𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡

𝐾𝛼𝑠
𝑖𝑠𝑡𝐿

1−𝛼𝑠
𝑖𝑠𝑡

.

Using equations 2.5a and 2.5b we get5

𝑇𝐹𝑃𝑅𝑖𝑠𝑡 ∝ (𝑀𝑅𝑃𝐾𝑖𝑠𝑡)
𝛼𝑠(𝑀𝑅𝑃𝐿𝑖𝑠𝑡)

1−𝛼𝑠 ∝ (1 + 𝜏𝐾𝑖𝑠)
𝛼𝑠

1 − 𝜏𝑌 𝑖𝑠

.

4See the appendix A for details.
5More specifically, 𝑇𝐹𝑃𝑅𝑖𝑠𝑡 =

(︁
𝜎

𝜎−1

)︁(︁
𝑅𝑡

𝛼𝑠

)︁𝛼𝑠
(︁

𝑤𝑖𝑠𝑡

1−𝛼𝑠

)︁1−𝛼𝑠 (1+𝜏𝐾𝑖𝑠)
𝛼𝑠

1−𝜏𝑌 𝑖𝑠
.
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A high 𝑇𝐹𝑃𝑅 may result in input distortion. Therefore, we can obtain the TFP at the
sector-level by

(2.6) 𝑇𝐹𝑃𝑠𝑡 =

[︃∑︁
𝑖∈𝐼𝑠

(︂
𝑀𝑖𝑠𝑡

𝑇𝐹𝑃𝑅𝑠𝑡

𝑇𝐹𝑃𝑅𝑖𝑠𝑡

)︂𝜎−1
]︃ 1

𝜎−1

,

where 𝑇𝐹𝑃𝑅𝑠𝑡 is a geometric average between the revenue of inputs in each sector6. Thus,

𝑇𝐹𝑃𝑡 =
∏︁
𝑠∈𝑆

𝑇𝐹𝑃 𝜃𝑠
𝑠𝑡 .

Misallocation of resources at the firm-level affects aggregate TFP. This effect depends on the
weight of each sector in the final good 𝜃𝑠 and the degree of substitution of intermediate goods
𝜎. Moreover, the misallocation effect will depend on the capital share of each sector, 𝛼𝑠.

Equation 2.6 is the key of the quantitative analysis. In addition, assume that
{log𝑀𝑖𝑠𝑡, log(1 − 𝜏𝑌 𝑖𝑠), log(1 + 𝜏𝐾𝑖𝑠)} has a multivariate lognormal distribution. We define
a standard deviation on log(1 − 𝜏𝑌 𝑖𝑠) and log(1 + 𝜏𝐾𝑖𝑠) as 𝜑𝑌 and 𝜑𝐾 , respectively, and also
define covariance between these variables as 𝜑𝑌 𝐾 . Thus7,

(2.7) log 𝑇𝐹𝑃𝑠𝑡 =
1

1 − 𝜎
log𝐸𝑡{𝑇𝐹𝑃𝑄𝜎−1

𝑖𝑠𝑡 } − 𝜎

2
𝜑2
𝑌 −

(︂
𝛼𝑠 + 𝛼2

𝑠(𝜎 − 1)

2

)︂
𝜑2
𝐾 + 𝜎𝛼𝑠𝜑𝑌 𝐾 .

Therefore, 𝑇𝐹𝑃 by sector is equal to the weighted average of 𝑇𝐹𝑃𝑄 at firms in the sector
less the variance of 𝑇𝐹𝑃𝑅. This variance consists of distortion factors on resource allocation.
Thus, distortions on aggregate TFP can be summarized by the variance of 𝑇𝐹𝑃 . Furthermore,
the misallocation extent is worse depending how much dispersed is the marginal product8.
Moreover, this effect is potentiated by the correlation between distortions in product. In this
case, if we have a high distortion in product and a small distortion in capital, a large part of the
product distortion derives from the labor factor.

This structure implies

𝑋𝑖𝑠𝑡 ∝
(1 − 𝜏𝑌 𝑠𝑖)

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠
𝑀𝑖𝑠𝑡

and thus the distortion of resource allocation affects the efficiency of each firm. How

𝑌𝑡 =
∏︁
𝑠∈𝑆

(︃∑︁
𝑖∈𝐼𝑠

𝑋
𝜎−1
𝜎

𝑖𝑠𝑡

)︃ 𝜎𝜃𝑠
𝜎−1

also affects the final good. The magnitude of this effect will depend on the degree of substitution
between sectors and the importance of each sector to the economy. The worse the resource
allocation is at the firm-level, the worse the aggregate allocation. This result implies inefficient
production at both the firm-level and the aggregate level. Moreover, the allocations distinct
among firms imply that productivity has a dispersed distribution. In this case, a high extension
of misallocation of resources implies a greater loss of aggregate efficiency.

6More specifically, 𝑇𝐹𝑃𝑅𝑠𝑡 =
(︁

𝜎
𝜎−1

)︁(︁
𝑀𝑅𝑃𝐾𝑠𝑡

𝛼𝑠

)︁𝛼𝑠
(︁

𝑀𝑅𝑃𝐿𝑠𝑡

1−𝛼𝑠

)︁1−𝛼𝑠

, where

𝑀𝑅𝑃𝐿𝑠𝑡 ,
∑︀

𝑖∈𝐼𝑠

𝑤𝑖𝑠𝑡

(1− 𝜏𝑌 𝑖𝑠)
𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡

𝑃𝑠𝑡𝑋𝑠𝑡

and 𝑀𝑅𝑃𝐾𝑠𝑡 ,
∑︀

𝑖∈𝐼𝑠

𝑅𝑡

1−𝜏𝑌 𝑖𝑠

1+𝜏𝐾𝑖𝑠

𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡

𝑃𝑠𝑡𝑋𝑠𝑡

.

7See the appendix A for details.
8The use of the multivariate log normal distribution implies that 𝑇𝐹𝑃 also varies with the number of firms in
each sector. Thus, 𝐼𝑠 is time-variant and we could have a drop in 𝑇𝐹𝑃 simply because a firms’s concentration in
some sector increased. According Restuccia and Rogerson (2013) there is no apparent loss or change of intuition
in terms of theoretical framework. However, in the quantitative analysis we appropriately control this variable by
varying the sector concentration to avoid this effect.
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2.3. Optimal allocation. The degree of misallocation is more relevant than the
misallocation extension, or how far the current product is from the product implied by optimal
allocation. Similarly to Hsieh and Klenow (2009), we can obtain the optimal allocation of
inputs that maximizes the sector’s product subject to the availability of inputs. In each time
period, then optimal final good is

(2.8) 𝑌 𝐸
𝑡 =

∏︁
𝑠∈𝑆

⎡⎣∑︁
𝑖∈𝐼𝑠

(︃
𝑀𝑖𝑡

(︁ 𝛼𝑠

𝛼𝐸
𝐾𝑠𝑡

)︁𝛼𝑠
(︂

1 − 𝛼𝑠

1 − 𝛼𝐸
𝐿𝑠𝑡

)︂1−𝛼𝑠
)︃𝜎−1

⎤⎦
𝜃𝑠

𝜎−1

,

where 𝛼𝐸 = 𝜕 ln𝑌 𝐸
𝑡 /𝜕 ln𝐾𝑠𝑡 and 1 − 𝛼𝐸 = 𝜕 ln𝑌 𝐸

𝑡 /𝜕 ln𝐿𝑠𝑡 such that 𝑌 𝐸
𝑡 is the optimal final

good implied by efficient allocation in sectors of the economy9.
We assume now that 𝛼 can change among all firms, for example, a firm with specific

technology that becomes more efficient. Therefore, Oberfield (2013) suggests that misallocation
could occur in each sector. Otherwise, there exists unmeasurable technological heterogeneity
at the firm-level, and this would imply an inefficiency on the aggregate product. Thus, the
allocation of inputs that maximizes the product at the sector-level would not necessarily be the
same allocation of inputs that maximizes the aggregate product. Given the availability of inputs
in the economy, we can obtain the optimal allocation of these factors to maximize the final
good. In this situation, the optimal final good is

(2.9) 𝑌 𝑀
𝑡 =

∏︁
𝑠∈𝑆

⎡⎣∑︁
𝑖∈𝐼𝑠

(︃
𝑀𝑖𝑠𝑡

(︁ 𝛼𝑖

𝛼𝑀
𝜃𝑠𝐾𝑡

)︁𝛼𝑖

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀
𝜃𝑠𝐿𝑡

)︂1−𝛼𝑖

)︃𝜎−1
⎤⎦

𝜃𝑠
𝜎−1

,

where 𝛼𝑀 = 𝜕 ln𝑌 𝑀
𝑡 /𝜕 ln𝐾𝑡 and 1−𝛼𝑀 = 𝜕 ln𝑌 𝑀

𝑡 /𝜕 ln𝐿𝑡 such that 𝑌 𝑀
𝑡 is the optimal final

good given by efficient allocation within sectors10.
For equations 2.1 and 2.8 we can determine that the degree of misallocation of resources

within-sectors is 𝑀𝑡 = 𝑌𝑡/𝑌
𝐸
𝑡 . For equations 2.8 and 2.9 we can determine that the degree of

misallocation of resources between-sectors is 𝑀𝐵𝑡 = 𝑌 𝐸
𝑡 /𝑌 𝑀

𝑡 . Furthermore, the total effect
of misallocation is given by the relationship between these two measurements,

(2.10) 𝑀𝑊𝑡 *𝑀𝐵𝑡 =
𝑌𝑡

𝑌 𝑀
𝑡

.

Thus, we have a measure of the degree of misallocation of resources. For a given aggregate of
input in each time period, the maximum output is the efficient output, and the greater the degree
of misallocation of resources. However, computing 𝛼𝐸 and 𝛼𝑀 is one of the difficulties in this

9More specifically,

𝛼𝐸 =
∑︁
𝑖∈𝐼𝑠

𝛼𝑠

[︁
𝑀𝑖𝑠𝑡

(︀
𝛼𝑠𝐾𝑠𝑡/𝛼

𝐸
)︀𝛼𝑠
(︀
(1− 𝛼𝑠)𝐿𝑠𝑡/(1− 𝛼𝐸)

)︀1−𝛼𝑠
]︁𝜎−1

∑︀
𝑗∈𝐼𝑠

[︁
𝑀𝑗𝑠𝑡 (𝛼𝑠𝐾𝑠𝑡/𝛼𝐸)

𝛼𝑠 ((1− 𝛼𝑠)𝐿𝑠𝑡/(1− 𝛼𝐸))
1−𝛼𝑠

]︁𝜎−1 .

In the quantitative analysis section, we will use this equation for compute a within-industry effects on the
misallocation of resources.
10More specifically,

𝛼𝑀 =
∑︁
𝑠∈𝑆

𝜃𝑠
∑︁
𝑖∈𝐼𝑠

𝛼𝑖

[︁
𝑀𝑖𝑠𝑡

(︀
𝛼𝑖𝐾𝑡/𝛼

𝑀
)︀𝛼𝑖
(︀
(1− 𝛼𝑖)𝐿𝑡/(1− 𝛼𝑀 )

)︀1−𝛼𝑖
]︁𝜎−1

∑︀
𝑗∈𝐼𝑠

[︁
𝑀𝑗𝑠𝑡 (𝛼𝑗𝐾𝑡/𝛼𝑀 )

𝛼𝑗 ((1− 𝛼𝑗)𝐿𝑡/(1− 𝛼𝑀 ))
1−𝛼𝑗

]︁𝜎−1 .

In the quantitative analysis section we use this equation for compute the between-industry effect on the
misallocation of resources. Furthermore, if the capital intensity does not change between firms, similar to Hsieh
and Klenow (2009), thus 𝛼𝑀 =

∑︀
𝑠∈𝑆 𝜃𝑠𝛼𝑠. In this case, changes in 𝛼𝑀 would only be due to changes in the

distribution of sectors in the economy, in other words, changes in 𝜃𝑠. See appendix A for details.
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chapter. Moreover, if the inputs’ availability is time-variant, then the parameters 𝛼𝐸 and 𝛼𝑀

can change over time11. In the quantitative analysis section we will detail the strategy to impute
these parameters.

If the resources are efficiently allocated in each sector, we can obtain that

𝛼𝐸𝑃
𝐸
𝑖𝑠𝑡𝑋

𝐸
𝑖𝑠𝑡

𝐾𝐸
𝑖𝑠𝑡

= 𝛼𝑠
𝑃𝑠𝑡𝑋𝑠𝑡

𝐾𝑠𝑡

for each firm and time period. Thus, identical to Oberfield (2013), we define the capital wedge
of each firm as parameters of deviation in relation to the efficient case (within-industry)

𝑇𝐾𝑖𝑠𝑡 =
𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡/𝐾𝑖𝑠𝑡

𝑃𝐸
𝑖𝑠𝑡𝑋

𝐸
𝑖𝑠𝑡/𝐾

𝐸
𝑖𝑠𝑡

.

Equivalently, the labor wedge is given by

𝑇𝐿𝑖𝑠𝑡 =
𝑃𝑖𝑠𝑡𝑋𝑖𝑠𝑡/𝐿𝑖𝑠𝑡

𝑃𝐸
𝑖𝑠𝑡𝑋

𝐸
𝑖𝑠𝑡/𝐿

𝐸
𝑖𝑠𝑡

.

Furthermore, we define the scala wedge as

(2.11) 𝑇𝑖𝑠𝑡 = 𝑇𝐾𝛼𝑖
𝑖𝑠𝑡𝑇𝐿

1−𝛼𝑖
𝑖𝑠𝑡 .

For equation 2.11, the firm’s scala wedge describe the relationship between the output at
firm-level and the misallocation of resources. The greater the scala wedge, the greater dispersion
of the output among firms and, consequently, the greater the input distortion.

3. Data and quantitative analysis

3.1. Data. In this subsection we present the firm-level data used to measure the
misallocation of resources in the Brazilian manufacturing sector. We also briefly present the
aggregate manufacturing sector database used.

3.1.1. Brazilian Firm-level data. We use firm-level data from the National Survey of
Industries constructed by the Brazilian Institute of Geography and Statistics between 1996
and 2011. This survey obtains information on the economic situation at the firm-level in the
manufacturing sector. This information includes employees, wages and salaries, revenues, costs
and expenses, investment, depreciation, output and intermediate consumption. This information
constitutes the collection unit of this survey according to the activity categories. The database
is an unbalanced panel of 40,000 firms on average for each year and each firm has at least 30
employees. In 1996 this survey had approximately 30,000 firms and grew to 50,000 in 2005.

The greatest difficulty in this chapter is the construction of firm-level capital variables. This
database collects information regarding the investment in machinery, vehicles, buildings and
land. Then, we use the perpetual inventory method to estimate gross fixed capital stock at the
firms. Therefore, we assume that the depreciation rate is 5%, 10% and 20%, respectively, for
machinery, land and buildings and vehicles, identical to Oberfield (2013). Initial capital stocks
are computed from reported depreciation and investment in the first observation. We impute
that the physical capital stock is missing if investments do not exist in any time period of the
sample12. In addition, the physical capital stock was deflated by the Brazilian general price
index.
11Regarding the quantitative analysis, the fact that the optimal intensity is time-variant makes the measurement
dynamically complicated. For example, if the total output in some sectors does not change in the time period,
but there is growth in the inputs available, then we will have an apparent increase in the inefficiency allocation.
However, if total output continue to change in a short time, then the intensity factor changes and there is a
distance from inefficient allocation stabilization. Therefore, we calculate how far the current product by the optimal
allocation is, and this calculation does not imply problems in the extensive margin.
12Investments cannot exist in all time periods for some firms. Thus, it is not possible to verify if this is really
missing data.
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Labor remuneration is annual wages paid to blue and white collar workers. This
remuneration is corrected by the operation days of each firm. Therefore, wages were deflated by
the Brazilian national consumer price index. The value added was defined as the industrial gross
values of output deduct the industrial operating cost. The value added also was deflated by the
Brazilian general price index. Moreover, we reclassified firms using the International Standard
Industries Classification (ISIC) code system. The disaggregation occurred at the 4-digit level of
ISIC Code Rev 3.1, which does not significantly reduce the sample. We did not use the sectors
comprising less than four firms. Since the chapter focuses on manufacturing firm, we eliminate
non-manufacturing observations. We also were excluded the extreme outliers in the results. We
excluded 1% of firms with the higher product in each sector-time, and we excluded 1% of firms
with the lower product.

Table 2.1 presents the characterization of the Brazilian manufacturing sector between 1996
and 2011. In general, we can see that cost of capital is greater than the cost of a worker.
Moreover, the workers and wage per worker increased significantly over time. Another relevant
and alarming point is the size of the tax13. The size of the tax is equivalent to one-third of the
wage per worker. Table 2.2 shows some characteristics of each sector, on average, between 1996
and 2011. In this table a ratio wage/value added varies widely among sectors. Taxation also
changes but on a smaller scale. The manufacture of food products has the largest share of firms,
employees, and export products. The tax represented 7.6% of the value added in this sector.
However, this was 28.7% of the total tax paid by the manufacturing sector. The manufacture of
chemicals and chemical products is the largest importer. Finally, the manufacture of coke and
refined petroleum products is more concentrated and has the lowest intensity labor. However,
this manufacture have the second most aggregate value in the aggregate manufacturing sector.

3.1.2. Aggregation data. We use the Industrial Statistics Database (INDSTAT) of the
United Nations Industrial Development Organization (UNIDO). This database contains time
series data from 1990 forward. Data are available for country, year and ISIC at the 4-digit
levels of ISIC (Revision 3), which comprises 151 manufacturing sectors and sub-sectors. This
database comprises the number of establishments, number of employees, wages and salaries,
output, value added and gross fixed capital formation. The initial capital stock is computed
by the average gross fixed capital formation in each sector-country. This database also is
reclassified using the 4-digit level of ISIC Code Rev 3.1. With this reclassification, we can
compare the manufacturing sectors.

3.2. Quantitative analysis. We will investigate the existence of misallocation of resources
in the Brazilian manufacturing sector. Using the theoretical framework presented at equations
2.6 and 2.7 and the data described in the previous subsection. We will also assess the degree of
misallocation from equations 2.10 and 2.11. Again, we do not known the production function
of each firm. Thus, the observed differences in the intensity of factors reflect the distortions or
the technological heterogeneity. Therefore, we will use essentially two specifications.

The first specification assumes that all firms within-sector have the same factor intensities
and that any differences in factor expenditures reflect distortions (U.S. Industry Shares). To
parameterize these, we assume that factor intensities are the same as those of corresponding
U.S. industries and that these U.S. industries are, on average, undistorted. We use expenditure
data from the INDSTAT to compute the cost shares for the relevant industries in the U.S. for
200014. This specification is similar to that used by Hsieh and Klenow (2009).

13In this database, taxes refers to those effectively paid on employees and production by each firm.
14We also impute these parameters based on other years. However, the dynamics and the results extension do not
change significantly. We also use the German manufacturing sector as a reference and, again, the results did not
change significantly.
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The second specification proceeds under the assumptions that all long-run differences in
factor expenditure shares reflect differences in underlying technology rather than distortions
(Brazilian Firm-Specific Shares). The panel structure of the data can be used to infer the
production parameters of each firm. In particular, we assume that while a firm may face a
distortion in a particular year, it is, on average, undistorted. To this end, we compute the
parameters of a single firm’s production function as follows: in each year, we compute the
log of the ratio of nominal expenditure on capital to nominal expenditure on labor. Under the
assumption that, for each firm, the median of this quantity over all the years that the firm is in
the sample reflects an undistorted choice of inputs, the parameters of the production function
can be backed out accordingly. This specification is similar to that used by Oberfield (2013).

3.2.1. Basics results. Figure 2.2 presents the distribution of the logarithm of TFP in the
Brazilian manufacturing sector arbitrarily for 1996, 2005, and 2011. Fundamentally, we are
interested in the dispersion of TFP. The more disperse TFP, the greater can be the misallocation.
A high dispersion implies that some firms are more able to produce output with the same amount
of inputs, given the technology process in each sector. According to this figure, the dispersion
is relatively elevate in each time period. Furthermore, the median is greater than the average for
the time periods. Therefore, the distribution of TFP is asymmetric. These two points suggest
that there exists misallocation of resources at the firm-level in the Brazilian manufacturing
sector. Furthermore, the firm-level shows that the mass of firms with lower TFP enhances
in the time periods. This finding suggests that some variation of the aggregate allocation may
occur because of misallocation in the low-tech firms, generally, the small firms.

Considering this, figure 2.3 present the dynamics of input wedges for two arbitrary
percentiles of firms. For each year, this figure shows a measure of dispersion of capital and labor
wedges, the log deviations between the 90th and 10th percentiles and between the 75th and 25th
percentiles of the respective distributions among firms in the sample from 1996–2011. The first
dynamic represents a gap between the 10th and 90th percentile of the aggregate product and
another between the 25th and 75th. The distribution of inputs in the Brazilian manufacturing
sector is excessively unequal and time-variant. The firm’s capital in the 90th percentile of the
productivity is 4 (U.S. Industry Share) or 3 (Brazilian Firm-Specific Share) times greater than
the capital firms in the 10th percentile. Regarding the firm’s labor these coefficients would be
2 (U.S. Industry Share) or 2.75 (Brazilian Firm-Specific Share). Note that there is not a clear
trend of the input wedges, mainly between 1996 and 2001. Similarly, no clear trend occurs
between the 25th and 75th percentiles, but these coefficients are smaller.

This result above suggests that there is some variability in the dispersion of inputs. In
addition, there exists misallocation of resources in the Brazilian manufacturing sector, and these
results also suggest that this misallocation is time-variant. When we use the U.S. Industry Share,
the efficient gap varies less over time and the capital wedge is greater. This result suggests that
the allocative inefficiency of capital in the manufacturing sector is relatively high. There are
two other important points regarding these results. First, the above description refers to the
within-industry effect of the misallocation. Therefore, we must to include the between-industry
effect of misallocation and compute the total effect to determine the degree of misallocation.
Second, the physical capital stock used could affect the capital wedge, particularly in the early
years. Accordingly, we use the sub-panel between 2000 and 2011. Furthermore, we obtained
the same pattern previously reported.

Figure 2.4 shows the gap between the aggregate manufacturing product and the product
implied by the efficient allocation. Basically, this figure represents the results of equations 2.1,
2.8, and 2.9. The line labeled Within-Industry Only shows actual output divided the output
that could be attained if resources were allocated optimally within industry. The line labeled
Between-Industry Only shows the output ratio that could be attained if resources were allocated
optimally across all firms in each industry. The line labeled Both shows actual output divided
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by the output that could be attained if resources were allocated across all firms. According
to this figure, the gap implied by the within-industry effect varies more than implied by
the between-industry effect. Therefore, the misallocation reflects the dynamic effect of the
within-industry allocation confirming that the smaller the dispersion of TFP, the lower the
misallocation. The lower the misallocation, the smaller the gap is to the effective product.
According to this figure, the misallocation falls between 1996 and 2005 and then tends to grow.
This pattern is observed in both specifications. In 2005, the lowest year of misallocation, the
product is 44.7% farther from the product efficient when using U.S. Industry Share. When we
use the Firm-Specific Share, this distance is 54.3%. Thus, an efficient reallocation in times
of lower misallocation in the Brazilian manufacturing sector will result in the approximately
doubling of the aggregate product. This effect was even greater after 2005.

Using the same metric of Hsieh and Klenow (2009), (𝑌 𝐸
𝑡 −𝑌𝑡)/𝑌𝑡, if capital and labor were

reallocated optimally within industries, on average, the increase in aggregate value added would
be 110.0% (Brazilian Firm-Specific Share) or 161.4% (U.S. Industry Share). In 2005, this effect
is smaller and if inputs are optimally reallocate, the increase in aggregate value added would be
73.6% (Brazilian Firm-Specific Share) or 109.0% (U.S. Industry Share). Moreover, these effects
would be amplified by between-industry effects and, on average, the optimal reallocation would
imply an increase of 128.8% (Brazilian Firm-Specific Share) or 184.7% (U.S. Industry Share).
With this additional effect, the reallocation is calculated as 84.0% (Brazilian Firm-Specific
Share) and 123.7% (U.S. Industry Share) in 2005. Note that with U.S. Industry Shares, output
is away from the efficient optimum. This distance is natural because more of the variation in
factor expenditures is attributed to misallocation of resources. However, changes in allocation
efficiency are more relevant than the level.

We conducted an additional exercise of reallocation. Following Kambourov (2009) we
built a reallocation index that is weighted by the inputs used in each sector relative to the total
available in time period 𝑡 and 𝑡 + 115. Figure 2.5 shows this index calculation for firm-level
data from the Brazilian manufacturing sector. From this figure, the between-sector reallocation
varies significantly, especially in 2003. However, the within-sector reallocation does not change
much over time, except in 2003. Confirming what is shown in figure 2.4, the between-industry
effect would amplify the effects of misallocation of resources. This amplification would occur
because the reallocation of production factors is performed intertemporally and not always in
favor of the firm’s efficiency. Overall, this exercise also implies that misallocation exists. Note
that the within-sector allocation index grows between 1996 and 2001 and then tends to fall.
This behavior is a relatively similar to that shown in figure 2.4. Thus, changing the form
of analysis by examining the dynamic reallocation of factors, we found the same pattern of
allocative inefficiency obtained earlier. Therefore, the results suggest that there is misallocation
in the Brazilian manufacturing sector, this misallocation is time-variant and the weight of the
within-industry effect is substantial.

3.2.2. Measurement error and robustness. We presents some results checks. First, we
acknowledge that in the calculation of these results 1% of the extreme outliers were excluded.
However, the results do not significantly change when 5% of these extreme outliers are included.
Furthermore, all results were recomputed for a sub-panel from 2000-2011 and another from
1996-2006. Three reasons are considered for this division of the sample. First, this division
removes any effect from the construct of the physical capital stock (Oberfield, 2013). Second,
the sample was divided because the number of firms in all sectors grew significantly since 2000.

15The within-industry allocation index constructs a similar index for reallocation across firms in each industry,
𝐼𝑊𝑠(𝑡). Then 𝐼𝑊 (𝑡) is a weighted average of each industry’s reallocation index, where an industry’s weight is
the average of its labor share in 𝑡 − 1 and 𝑡. Note that the weights used in computing this average differ across
the value added, capital, and labor variables. Using the same weights for all three series gives a similar picture,
according to Oberfield (2013).
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Third, the sample was divided to check how the results are sensitive to the reclassification of
sectors by the ISIC Rev 3.116. However, the previous results do not change substantially for
these subpanels.

We also check if the metric of misallocation is not really part of the technology level.
Figure 2.6 shows the decomposition changes of the Solow residual. In each year three bars
are plotted: the log deviation of within-industry allocational efficiency, 𝑑 log𝑀𝑊𝑡; the log
deviation of between-industry allocational efficiency, 𝑑 log𝑀𝐵𝑡; and the appropriate Solow
residual, 𝑑 log 𝑌𝑡 − 𝛼𝑀𝑑 log𝐾𝑡 − (1 − 𝛼𝑀)𝑑 log𝐿𝑡. If the first two bars add up to the third,
then the change in measured aggregate productivity is completely explained by the changes in
the extent of misallocation (Oberfield, 2013). However, this result does not occur.

As in other studies (Restuccia and Rogerson, 2008; Hsieh and Klenow, 2009; Buera and
Shin, 2013) we consider that 𝜎 is equal to 3. Then, we recalculate this result for 𝜎 equal to 5,
similarly other studies. Table 2.3 shows the degree of misallocation of resources for different
specifications and values of 𝜎. The first and third columns represent the results of figure 2.4.
Note that the trend of the results does not change, but the magnitude of the results changes.
When 𝜎 is equal to 5 the extension misallocation tends to be even higher. This increase in the
results was expected because growth in substitutability of the sectors implies that the effect of
relative prices are potentiated. Furthermore, it was expected that the between-industry effect did
not change because the increase in the degree of substitution between sectors should not have an
effect within sectors. Similarly, the distortions include these prices (Restuccia and Rogerson,
2008). Therefore, the extension misallocation grows with the degree of substitution between
sectors. However, the dynamics should be identical. This pattern holds in the results and any
inferences regarding still valid.

Note that we introduce other specification for the intensity of factors in the last two
columns of table 2.3. It is possible that industries in Brazil are qualitatively different from
the corresponding industries in the U.S. In that case, the cost shares of U.S. industries provide a
poor benchmark for the production parameters of Brazilian firms. Therefore, assume that each
Brazilian manufacturing sector is, on average, undistorted. For each industry, we compute the
log of the ratio of expenditure on capital to the expenditure on labor in each year, and back
out the factor intensities assuming that the median best reflects the true production parameters
(Brazil Industry Share). Observe that the trend of resource misallocation is not affected by
this specification. However, the degree of misallocation grows considerably. Assuming that
the Brazilian manufacturing sector is undistorted is clearly fragile. Thus, this specification will
corroborate only the existence of resource misallocation and not the extent of the misallocation.

3.2.3. Economic crisis. The second research question assesses the effect of economic crisis
and the policies that follow. We examine three crises. The Asian financial crisis reduced the
availability of capital in the Brazilian economy, which had a recent stabilization of inflation and
a regime of fixed exchange rates17. The second crisis was a domestic crisis in 2002 caused by
uncertainties in the Brazilian political situation. Finally, we examine the Subprimes crisis.

In figure 2.1 we saw that TFP fell in the Asian financial crisis and too in the Subprime
crisis. In 2002, the aggregate TFP seems to have not been affected. If we look at figures
2.3 and 2.4, apparently the misallocation of resources was amplified in 2008. However, the
effect of the Asian financial crisis is inconclusive regarding the misallocation of resources in the
Brazilian manufacturing sector. The domestic crisis also had an inconclusive effect concerning
misallocation of resources. Again, this could occur because more of the variation in factor

16The build of the firm-level data uses two modes for classification of economic activities. However, these
classification methods imply that there is no perfect match between classifications and observations could be
lost. Moreover, when firm-level data could be reclassified by ISIC Rev 3.1 a distribution may have changed
and, consequently, the weight of each sector in the economy may also have changed.
17In fact this crisis occurred between 1997 and 1998. Thus the effects in 1997 could also correlate with this crisis.
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expenditures is attributed to resource misallocation. This change in specification possibly has
detect any the relative effects between the Brazilian and U.S. economies18. In resume, these
results suggest that firms in the Brazilian manufacturing sector react differently to each of crisis.

However, in figure 2.2 we saw that there was an increase in the small firms in the Brazilian
manufacturing sector. Thus, as verification, we check how the scala wedge varies between
firms. Figure 2.7 shows this variation. Here, firms are sorted in 10 groups by the value added. A
pattern is clear that the scala wedge of the high-product firms is almost time-invariant. However,
this variability is a significant change in the low-product firms. The volatility is higher in those
firms and the degree of misallocation of resources grows after a crisis. This effect suggests that
low-product firms were relatively more affected by the crisis. Several factors can answer this
increased inefficiency, such as the reduced availability of resources in a crisis and the contractual
costs of the labor market, especially for low-product firms.

Figure 2.8 shows TFP and misallocation within-industry in each sector for each economic
crisis. Here we divide the sectors in durable or non-intensive goods and international trade. We
arbitrarily define the trade intensive by sectors that exports or import 30% of total revenue. This
figure suggests that the growth of allocation efficiency is positively correlated with TFP growth
in the crisis. This outcome was expected. Between sectors there is a significant distinct time
period of the crisis. However, we can not affirm that the durable goods or trade-intensity sectors
were most affected. Interestingly, these results regarding durable goods differs from the result
obtained by Oberfield (2013) for Chile in the crisis of 1982.

Thus, the previous results suggest that misallocation of resources in the Brazilian
manufacturing sector was strongly affected by the Subprimes crisis. Small firms were the
most affected. The availability of capital, the imperfections in labor market, and the financing
constraints in the manufacturing sector, for example, are factors that could explain this increased
sensitivity in times of crisis.

4. Extended analysis: linkages, complementarity and tax effects

4.1. Linkages and complementarity. The role of interdependence between sectors is
another consideration. We argue that resources are misallocated between firms because, on
average, the product is less than the product would be with the optimal use of inputs. However,
we do not consider the multiplier effects among sectors (Jones, 2011). Furthermore, this
misallocation is implicitly connected to the restriction of resources. Of course, if resources
were abundant then there would be no allocation problem. Thus, we also must compute the
restriction of inputs. From this, we investigate how the results would change if we extend the
basic framework and introduce these elements.

Suppose that the production function of each firm is

(2.12) 𝑋𝑖𝑠𝑡 = 𝑀𝑖𝑠𝑡

(︀
𝐾𝛼𝑖

𝑖𝑠𝑡𝐿
1−𝛼𝑖
𝑖𝑠𝑡

)︀1−𝛾

(︃∏︁
𝑠∈𝑆

𝑋𝜅𝑠
𝑠𝑡

)︃𝛾

,

where 𝛾 ∈ [0, 1) represents the effect of a sector’s output in the production of each firm and
𝜅𝑠 ∈ [0,∞) measures the effect of output by each sector. If 𝛾 = 0 we return to the basic
theoretical framework without linkages. If 𝛾 ̸= 0 and 𝜅𝑠 = 0, ∀𝑠 ∈ 𝑆, then 𝛾 represent a
measure of underutilization of resources. Finally, if 𝛾 ̸= 0 and 𝜅𝑠 = 1 for only the 𝑠 sector firm
itself and zero for all others, then we have a characterization similar to linkages by Jones (2011).
Then, the results in the previous section do not computes these sectoral linkages. This effect
would be partially included in TFP. Thus 𝛾 represents a measure of linkages whereas 𝜅 would
be a measure of complementarity between sectors. The higher the linkages are between sectors,
the greater the effect on the production of each firm and thus, for each sector. Intuitively, the

18Furthermore, the Brazil Industry Share implies results similar to the Brazilian Firm-Specific Share.
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larger 𝛾, the higher the dependence of firms on the production sectors. Moreover, the higher
𝜅, the higher the effect on each sector. For example, if firms of manufacture of machinery and
equipment inefficiently produce less, the availability of goods produced by these firms would
affect the production of food products. However, the opposite impact is not necessarily true.
Hereafter there would be linkage effects that depend on the sectors’ characteristics.

Assume that there is not firm can alter significantly the production of each sector. Thus, the
sectoral output is exogenous to each firm. Then, for equations 2.2 and 2.12 we can find that the
production of each sector is

(2.13) 𝑋𝑠𝑡 =

⎡⎣ ∏︁
𝑠′∈𝑆∖{𝑠}

𝑋
𝜅𝑠′ (1−𝛾)

1−𝜅𝑠(1−𝛾)

𝑠𝑡

⎤⎦[︃∑︁
𝑖∈𝐼𝑠

(︀
𝑀𝑖𝑠𝑡(𝐾

𝛼𝑖
𝑖𝑠𝑡𝐿

1−𝛼𝑖
𝑖𝑠𝑡 )𝛾

)︀𝜎−1
𝜎

]︃ 𝜎
(𝜎−1)(1−𝜅𝑠(1−𝛾))

.

The equation above confirms that the production of each sector 𝑠 grows with the production of
other sectors 𝑠′ ∈ 𝑆 ∖ {𝑠}. Furthermore, the greater 𝜅𝑠, the higher the complementarity effect.
The greater the linkages in the economy and the more connected the sectors, the greater the
production is in each sector and the greater the production of the final good. From this, we
could have a situation where there is a high misallocation in some sectors, but the inputs are
allocated in an aggregately efficient manner towards these sectors. This hypothetical sectors
could have a connection elevated to other sectors in the economy and it would generate a higher
aggregate product.

Similar to equations 2.5a and 2.5b we have

𝑀𝑅𝑃𝐿𝑖𝑠𝑡 =

[︂
1

1 − 𝛾 + 𝛾
∑︀

𝑠∈𝑆 𝜅𝑠𝜂𝐾𝑖𝑠𝑡
/(1 − 𝛼𝑖)

]︂ [︂
1

1 − 𝜏𝑌 𝑖𝑠

]︂
𝑤𝑖𝑠𝑡,(2.14a)

𝑀𝑅𝑃𝐾𝑖𝑠𝑡 =

[︂
1

1 − 𝛾 + 𝛾
∑︀

𝑠∈𝑆 𝜅𝑠𝜂𝐿𝑖𝑠𝑡
/𝛼𝑖

]︂ [︂
1 + 𝜏𝐾𝑖𝑠

1 − 𝜏𝑌 𝑖𝑠

]︂
𝑅𝑡,(2.14b)

where 𝜂𝑧𝑖𝑠𝑡 = (𝑧𝑖𝑠𝑡/𝑋𝑠𝑡) (𝜕𝑋𝑠𝑡/𝜕𝑧𝑖𝑠𝑡) such that 𝑧𝑖𝑠𝑡 = {𝐾𝑖𝑠𝑡, 𝐿𝑖𝑠𝑡}. Therefore, 𝜂 measures
how sectors are affected by the resource choice at firm-level. Assume that the inputs are finite
in each time period. Then, implicit in 𝜂 would be some input restriction that also affect the
optimal allocation at the firm-level in each sector. Observe that this effect would depend on the
available amount of capital and labor. Furthermore, note that 𝜅 is sector-variant, but 𝜂 and 𝛼 are
firm-variant. Then, from equations 2.14a and 2.14b the effects of linkages, the complementarity,
and the input constraint would be summarized for parameters 𝛾, 𝜅, and 𝜂, respectively.

Observe that in equations 2.14a and 2.14b the product 𝜅𝜂/𝛼 intuitively represents an
interdependence between sectors in terms of resource utilization. This term attenuate the
distortion effect of resource allocation presented in the basic framework. If each firm is not
large enough in relation to the economy, then 𝜂 tends to be very low and it effect is amplified by
the capital share. For example, suppose that 𝛾 = 0.1 and all firms manufacturing food products
and beverages haves 𝛼 = 0.3 and some connection with 10 other sectors. In addition, assume
that 𝜂 = 0.01 and 𝜅 = 0.5. In this conjecture, for equation 2.14b, this extension implies that
approximately 10% of the misallocation of inputs at the firm-level detected is actually the effect
of linkages and complementarity. Furthermore this effect increase with 𝛾 and decrease with
𝜂. However, the higher the linkages between sectors are, the lower this the effect. If we have
20 sectors for these same parameters, the result above drops to approximately 8%. Intuitively,
the larger the quantity of sectors in the economy with linkages is, the stricter the allocation of
inputs (intermediate good, capital, and labor) and the smaller the misallocation of resources.
This follows the central idea of Jones (2011).

This brief extension can partly explain the elevate (and persistent) degree of misallocation
that we found in key-sectors of Brazilian manufacturing, for example, in the manufacture of
machinery and equipment. These key-sectors has high linkages. Thus, the misallocation of
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resources would not be undesirable in terms of aggregate performance in that misallocation
implies an allocative bias towards these sectors. However the most prominent problem is the
necessity to improve the production efficiency of these the key-sectors19.

We no have information in the firm-level data regarding intermediate consumption in
Brazilian firms. This lack of information makes it impossible to clearly identify the effects
of linkages. Furthermore, we perform an illustrative exercise regarding this characterization.
Table 2.4 shows how linkages and complementarity will affect marginal revenue of product.
This is the effect of the first term in equations 2.14a and 2.14b20. We expect the higher 𝛾 the
higher variation of 𝑀𝑅𝑃𝐾. However the this effect is minor to greater is 𝜂. Therefore, for
the same level of linkages, the higher 𝜂 is the lower the effect of 𝑀𝑅𝑃𝐾. We expect this the
same pattern in 𝑀𝑅𝑃𝐿. But we also expect the higher effects of linkage and complementarity
is computed in 𝑀𝑅𝑃𝐿. This fact is direct result of fact that the labor share is higher to the
capital share. The results in table 2.4 corroborate this expectation. Finally and fundamentally
this exercise suggests that the higher the linkages and the stricter the availability of resources
implies a greater effect on the computed misallocation of resource at the firm-level that would
not result in productive inefficiency.

4.2. Tax. Another factor that distorts the allocation of resources is the tax system because
taxation affects the relative price of goods. Taxes also indirectly affect the efficiency of
production between sectors because they can finance a productive public good, for example.
Thus, taxation is substantially related to misallocation of resources. If we measure misallocation
without the effect of tax, then we would have a measurement of how the Brazilian tax system
is prejudicial to manufacturing. Table 2.2 shows the ratio of the tax the value added for each
sector in Brazil. There is some variability between sector. This also occurs between years
in some sectors. Therefore, the tax system will also differently affect each sector. These
asymmetric effects can affect the misallocation of resources at the firm-level and, consequently,
the performance of aggregate output.

We show how the results are affected in the hypothetical case where there is not taxation.
Clearly, the perfect check is not possible. Taxes affect the relative prices and decision-making
by agents. With this, the firm’s product, the level of efficiency, and the dynamic effect of
the allocation of resources would be affected. Therefore, we present a qualitative exercise.
We recalculate the equations 2.6 and 2.7 such that all the taxed value magically becomes
product. From this, the degree of misallocation does not change if the tax system does not
distort because taxation should not change the dispersion. Figure 2.9 presents what would be
the loss of efficiency in aggregate output because of taxation. This figure suggests that the
taxation would reduce the misallocation in 0.1-0.5% per year. From the magnitude of this result
it is not possible to affirm that tax directly affects misallocation of resources at the firm-level,
consequently, the aggregate output.

5. Concluding remarks

This chapter investigates the existence of misallocation of resources in the Brazilian
manufacturing sector as well as measuring possible distortions. This chapter also inquires how

19We are assuming a closed economy. Furthermore, the linkages and complementarity effects of some specific
sectors should be relatively higher in others economies. For example, in the INDSTAT database exports are large in
the manufacture of motor vehicles, trailers and semi-trailers. The import of inputs in the manufacture of machinery
and equipment sectors is elevated. In these cases, the effects of linkages on the sectoral output in the domestic
economy may be low because the foreign production increases. However, we get these linkage effects if this
process occurs in the foreign economy as opposed to the domestic economy.
20Each 𝜅 was imputed using the input-output relationship constructed by Guilhoto and Filho (2010). Thus, we
measure an observable part of the interdependence between the Brazilian manufacturing sectors. Table A.1 in
appendix presents these parameters.
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misallocation may relate to economic crisis. We use firm-level data for 1996-2011 and a similar
method of computation to the one developed by Hsieh and Klenow (2009).

The results show that there is some variability in the dispersion of inputs for the same
level of production between firms and sectors. This finding suggests that there is misallocation
of resources in the Brazilian manufacturing sector. We then measure how much aggregate
manufacturing output in Brazil could increase if inputs were reallocated to equalize marginal
products across firms within sector to the extent observed in the U.S. We find that moving
to U.S. efficiency would increase aggregate growth by 160-180%. We also use production
factors parameterized using Brazilian firm-level data. In this case we find that moving to
Brazilian Firm-Specific efficiency would increase aggregate growth by 110-130%. Furthermore,
the results have shown that in periods of crisis the change of misallocation was more severe
for small firms in the Brazilian market. Moreover, if we consider the effects of linkages and
complementarity the computed misallocation would be attenuated. However not sufficient for
invalidate the previous results. Finally, despite well-known Brazil’s high tax burden, it seems
that there is not evidence that this is the main source of misallocation.

This chapter contributes by documenting misallocation of resources in the Brazilian
manufacturing sector and suggests explanations for this misallocation. Hsieh and Klenow
(2009) noted that if China and India could optimally allocate their inputs, the manufacturing
sector of these economies would grow by 30-50% and 40-60%, respectively. Oberfield (2013)
found that this same type of reallocation in Chile implied a growth of 60%. In the Brazilian
case, optimal reallocation would imply an increase of more than 100%. However, Matias et al.
(2013) in a recent studies of resource misallocation in Latin America argue that the degree of
misallocation in the Brazilian manufacturing sector at about 40% between 2000 and 2005, well
distinct of the results of this chapter. But, the build method of capital stock, the definition on
the hours worked, and the restriction in subsample used by these authors may be affected their
magnitude of results.

Finally, this chapter also can help explain the persistence of the output per worker gap
between countries. Thus, the technology gap between countries does not alone justify the GDP
per capita gap. Similarly argued by Collard-Wexler et al. (2011), a firm’s difference in allocation
of resources is a significant source of this inequality. Therefore the results of this chapter
show that misallocation of resources is a disturbing problem in the Brazilian case and makes
it necessary to increase the production efficiency of the manufacturing sector. For this chapter,
public policies are necessary to address structural problems, such as the restriction of credit,
the flexibility of the labor market, the qualifications of the workforce and the improvement of
infrastructure.
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FIGURE 2.1. TFP and price levels in Brazil

(a) Price (b) TFP
Note: Gray lines indicate global economic crisis. Data from Feenstra and Timmer (2013).

TABLE 2.1. Brazil’s manufacturing summary I

year Output Workers Wage Capital stock Tax
(R$ billion) (million workers) (R$ billion) (R$ billion) (R$ billion)

1996 127 4.0 38.0 1790 13.4
1997 137 3.7 40.2 1760 14.5
1998 133 3.5 39.0 1730 14.0
1999 155 3.5 39.4 1740 14.6
2000 179 3.7 43.9 1730 16.2
2001 207 3.8 48.4 1710 18.1
2002 237 4.0 53.3 1690 20.5
2003 359 4.4 69.3 2280 27.0
2004 434 4.7 82.2 2240 31.5
2005 460 5.0 92.8 2240 35.5
2006 502 5.2 103.0 2230 39.5
2007 538 5.4 113.0 2190 45.1
2008 642 5.7 131.0 2210 47.7
2009 594 5.6 138.0 2220 50.3
2010 707 6.0 159.0 2100 58.3
2011 780 6.2 180.0 2050 66.0

Note: Table constructed from firm-level data from the National Survey of Industries constructed by the Brazilian Institute of Geography
and Statistics between 1996 and 2011. Each column represents the aggregate manufacturing sector in real terms.
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TABLE 2.2. Brazil’s manufacturing summary II

Manufacturing sector Labor Tax Share of total
share share output workers establishments export import

Coke, refined petroleum products and nuclear fuel 0.095 0.042 0.133 0.008 0.000 0.078 0.083
Tobacco products 0.146 0.061 0.008 0.005 0.000 0.010 0.002
Basic metals 0.185 0.073 0.066 0.030 0.007 0.120 0.068
Food products and beverages 0.202 0.076 0.194 0.242 0.233 0.271 0.076
Paper and paper products 0.202 0.076 0.039 0.029 0.012 0.047 0.014
Chemicals and chemical products 0.212 0.083 0.115 0.062 0.051 0.069 0.224
Radio, television and communication equipment and apparatus 0.218 0.092 0.020 0.014 0.002 0.020 0.088
Other non-metallic mineral products 0.232 0.086 0.036 0.045 0.067 0.016 0.010
Publishing, printing and reproduction of recorded media 0.251 0.089 0.015 0.015 0.012 0.001 0.006
Other transport equipment 0.257 0.096 0.020 0.015 0.002 0.054 0.056
Office, accounting and computing machinery 0.267 0.104 0.007 0.006 0.000 0.004 0.035
Motor vehicles, trailers and semi-trailers 0.280 0.103 0.096 0.068 0.017 0.117 0.133
Wood and products of wood and cork, except furniture; Articles of straw and plaiting materials 0.283 0.095 0.012 0.028 0.031 0.021 0.002
Rubber and plastics products 0.300 0.110 0.037 0.054 0.074 0.018 0.033
Textiles 0.314 0.117 0.024 0.054 0.038 0.014 0.018
Medical, precision and optical instruments, watches and clocks 0.316 0.113 0.007 0.010 0.004 0.003 0.006
Machinery and equipment n.e.c. 0.319 0.117 0.063 0.073 0.098 0.061 0.063
Fabricated metal products, except machinery and equipment 0.319 0.114 0.032 0.050 0.104 0.010 0.011
Recycling 0.325 0.113 0.000 0.001 0.000 0.000 0.000
Electrical machinery and apparatus n.e.c. 0.325 0.118 0.030 0.034 0.015 0.027 0.055
Furniture; manufacturing n.e.c. 0.326 0.114 0.014 0.037 0.054 0.008 0.005
Tanning and dressing of leather; Luggage, handbags, saddlery, harness and footwear 0.352 0.116 0.017 0.062 0.045 0.030 0.008
Wearing apparel; dressing and dyeing of fur 0.392 0.115 0.015 0.058 0.134 0.002 0.003

Note: Table constructed from the National Survey of Industries constructed by the Brazilian Institute of Geography and Statistics between 1996 and 2011. This value represents the 1996-2011 time period for the
manufacturing sector. Labor share is the ratio of the wages and the value added for each sector. Tax share is the ratio of the taxes and the value added of each sector. Share of total value added, employees, establishments,
export and import represents the share of each sector in each of these variables.
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FIGURE 2.2. Distribution of TFP

(a) TFPR (b) TFPQ
Note: This figure shows distribution of real TFP (TFPR) and nominal TFP (TFPQ).

FIGURE 2.3. Dispersion of input wedges

(a) U.S Industry Shares (b) Brazilian Firm-Specific Share
Note: Gray lines indicate global economic crisis. For each year, this figure shows a measure of dispersion of capital and labor wedges,

the log deviations between the 90th and 10th percentiles and between the 75th and 25th percentiles of the respective distributions among firms
in the sample from 1996–2011. The capital and labor wedges for firm 𝑖 are 𝑃𝑖𝑡𝑌𝑖𝑡/𝐾𝑖𝑡

𝑃𝐸
𝑖𝑡𝑌

𝐸
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FIGURE 2.4. Allocation efficiency

(a) U.S Industry Share (b) Brazilian Firm-Specific Share
Note: Gray lines indicate global economic crisis. This figure shows the evolution of allocation efficiency over time. The line labeled

Within-Industry Only shows actual output divided the output that could be attained if resources were allocated optimally within industry. The
line labeled Between-Industry Only shows the ratio of the output that could be attained if resources were allocated optimally in each industry
and across all firms, respectively. The line labeled Both shows actual output divided by the output that could be attained if resources were
allocated across all firms.

FIGURE 2.5. Alternative reallocation measures

(a) Within-sector reallocation (b) Between-sector reallocation
Note: Gray lines indicate global economic crisis. This figure shows the reallocation index for value added, capital, and labor. The

between-industry index is the sum of the absolute value of changes in each industry’s share. The within-industry measures are weighted
averages of the reallocation index of each industry.

FIGURE 2.6. Resource misallocation and Solow residual

(a) U.S. Industry Share (b) Brazilian Firm-Specific Share
Note: This figure shows changes in allocation efficiency. Each year, the figure shows the log deviation of within-industry allocation

efficiency, 𝑀𝑊 , the log deviation of between-industry allocational efficiency, 𝑀𝐵, and the log deviation of the appropriate Solow residual.
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TABLE 2.3. Robustness of results

year Brazilian Firm-Specific Share U.S. Industry Share Brazil Industry Share
𝜎 = 3 𝜎 = 5 𝜎 = 3 𝜎 = 5 𝜎 = 3 𝜎 = 5

1996 0.323 0.186 0.296 0.096 0.102 0.022
1997 0.353 0.206 0.327 0.101 0.112 0.022
1998 0.382 0.232 0.297 0.083 0.092 0.017
1999 0.404 0.240 0.312 0.085 0.101 0.018
2000 0.419 0.257 0.345 0.093 0.105 0.019
2001 0.453 0.282 0.372 0.115 0.127 0.024
2002 0.468 0.287 0.369 0.109 0.121 0.021
2003 0.509 0.328 0.407 0.129 0.147 0.027
2004 0.515 0.326 0.409 0.108 0.147 0.022
2005 0.544 0.354 0.447 0.112 0.159 0.024
2006 0.522 0.343 0.418 0.140 0.148 0.033
2007 0.496 0.297 0.378 0.094 0.134 0.020
2008 0.503 0.293 0.389 0.094 0.140 0.020
2009 0.421 0.264 0.300 0.070 0.101 0.016
2010 0.428 0.268 0.340 0.095 0.122 0.022
2011 0.405 0.237 0.310 0.074 0.104 0.017

Note: These results are constructed from equations 2.1, 2.8, and 2.9 for different specifications regarding the intensity factor of resources
and different degrees of substitution between sectors.

FIGURE 2.7. Scala wedges

Note: Gray lines indicate global economic crisis. Plants are divided in 10 bins based on value added. This figure plots the average log

scale wedge for each group, where the scale wedge for firm 𝑖 is
𝑃𝑖𝑡𝑌𝑖𝑡/(𝐾

𝛼𝑠
𝑖𝑡 𝑙

1−𝛼𝑠
𝑖𝑡 )

𝑃𝑀
𝑖𝑡 𝑌 𝑀

𝑖𝑡 /(𝐾
𝑀𝛼𝑠
𝑖𝑡 𝐿

𝑀1−𝛼𝑠
𝑖𝑡 )

.
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FIGURE 2.8. Industry TFP and within-industry efficiency

(a) durable-1998 (b) durable-2002 (c) durable-2008

(d) trade-1998 (e) trade-2002 (f) trade-2008
Note: This figure plots the log deviation of an industry’s measured TFP for year against the log deviation of within-industry allocational

efficiency. Measured TFP for each industry is computed using the factor share 𝛼𝐸 . Trade intensity is arbitrarily defined as the sectors that
export the equivalent of 30% of its revenue or import as a intermediate consumption of this same magnitude.

TABLE 2.4. Linkage and complementarity effect

𝛾 𝜂
Change % in 𝑀𝑅𝑃𝐾 Change % in 𝑀𝑅𝑃𝐿
(1) (2) (1) (2)

0.05 0.005 7.2 10.3 9.4 10.8
0.01 3.6 9.6 7.7 10.5

0.25 0.005 20.2 30.6 27.4 32.1
0.01 9.4 28.0 21.9 31.0

0.5 0.005 50.6 88.2 75.3 94.8
0.01 20.7 77.7 56.1 89.8

Note: This table is constructed using equation 2.4. We use the average sector multipliers describe in table A.1 for was make the interval
above. (1) is computed using the average sector multipliers; (2) is computed using the average sector multipliers without sector specific.

23



FIGURE 2.9. Taxation exercise

Note: Each point represents the variation of misallocation of resources if any tax by each firm was transformed in the output.
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CHAPTER 3

Structural change and misallocation in a model of growth

Abstract

There is a distinct pattern of structural change between the manufacturing sectors in
industrialized countries and those in developing countries. Therefore, this chapter demonstrate
that this pattern differs because there are some factors that distort the relative prices and also
affect the output productivity. For this, we present a multi-sector model of economic growth,
where distortions affect the relative prices and the allocation of inputs. This phenomenon imply
that change of the production structure or perpetuation of the harmful structures to the growth
rate of aggregate output. We also demonstrate that in an environment with majority decision,
this distortion can be enhanced and depends on the initial distribution of firms. Furthermore,
distortions in relative prices would lead to increases in the degree of misallocation of resources,
and that imply that there are distinct patterns of structural changes between economies. Finally,
the calibrated results of the framework developed here converge with the structural changes
observed in the firm-level data of the Brazilian manufacturing sector. Keywords: Economic
development, Structural change, Cross-industry output.

1. Introduction

Economic development generally occurred together with the leverage of a key industry in
industrialized economies. Thus, one economic development strategy for poor countries would
be to target the sectors with higher income elasticity, lower price elasticity, and higher technical
progress. Thereby, these economies would seek to increase their earnings and to decrease their
output volatility (Grossman and Helpman, 1993). This strategy would help to encourage the
accumulation of capital and together with the technical progress, they could boost economic
growth because of the increased allocation efficiency. However, note that structure change of
production may be a consequence of this process of development economic. With this in view,
this chapter will focus on the relationship between structural change and economic growth.

Considering this, see figure 3.1. This figure presents the real output ratio of high to low
labor intensity sectors, the nominal output ratio of high to low labor intensity sectors, and
the real output growth of total manufacturing sector1. Second this figure, the production
sector of labor-intensive is higher in industrialized countries2. Moreover, this stylized fact is
similar to that presented by Acemoglu and Guerrieri (2008) and other authors for industrialized
economies; there is a structure change in favor of the labor-intensive sectors in industrialized
economies. However, this pattern is not observed in the Brazilian manufacturing sector, and
we observe that the production of the lower labor-intensive sector is relatively higher3. Another
disturbing finding is that the nominal ratio of output is higher than the real ratio of output in the
Brazilian manufacturing sector. This fact suggests that the relative price between sectors would

1We divide the manufacturing sectors into two groups according to their labor intensity. See table 3.1 for details.
2We can see who these countries in the appendix C.
3Figure B.1 demonstrates that the pattern is also different in others developing countries.

25



be in favor of the labor-intensive sector. These observations implies that the relative price in the
Brazil’s sectors with low labor intensity grow more than those with high labor intensity4.

Moreover, figure 3.2 shows the dynamic of the physical capital stock of the labor-intensive
sector to the aggregate capital stock and the dynamic of the labor allocated in the labor-intensive
sector to the aggregate labor factor. Observe that inputs of industrialized economies are moving
toward in labor-intensive sectors, which is a fact also documented by Acemoglu and Guerrieri
(2008). However, inputs in the Brazilian manufacturing sector are moving toward from sectors
that are not labor-intensive5. Thus, there is a pattern of production in the developing economies
that differs from that observed in the industrialized economies. Furthermore, this pattern is not
explained by models that focus on the resource allocation similar to that proposed by Acemoglu
and Guerrieri (2008)6. From all this exposed, the fundamental aim of this chapter is to present
a theoretical framework that also explains this pattern observed in developing economies.

The economic growth literature argue that the changes in the composition of production
and employment are an important part of the process of economic development and because
similar changes are present even beneath the facade of balanced modern growth. With this in
mind, Ngai and Pissarides (2007) and Acemoglu and Guerrieri (2008) analyzed the relationship
between economic growth and the distribution of productive activity. These authors derived
implications of total factor productivity (TFP) and the allocation of inputs, and they suggested
that changes in the production structure were closely linked to economic growth7. Furthermore,
according to Kongsamut et al. (2001), we need to check the pattern of the structural change
occurring in developing countries. Because economic development can change the share of
each sector in the composition of aggregate output and employment over time. These authors’
results present evidence of the predominance of the primary sector and the existence of low
capital-intensity in the early stages of development economic that are similar to those obtained
by Foellmi and Zweimuller (2008). In the development process, the manufacturing sector
gains prominence and we would have a predominance of the service sector in the final stages8.
Note that this dynamic of structural change is similar to that established by the Kuznets facts.
Moreover, there is an primarily relevance of the demand-based approach to structural change
lies in the close relationship between the dynamics of sectoral employment and the composition
of aggregate consumer demand. Historically, increasing per-capita incomes were not only
associated with a strong decline in the employment share in agriculture but also with a strongly
declining budget share for food, the relationship is well-known as Engel’s law9.

4Interestingly, note that if the aggregate capital growth is higher to the aggregate labor growth, then this
phenomenon is a partial result of the Rybczynski theorem: at constant relative goods prices, a rise in the endowment
of one factor will lead to a more than proportional expansion of the output in the sector which uses that factor
intensively, and an absolute decline of the output of the other good. But, the relative goods prices is not constant
in this pattern observed.
5Figure B.2 demonstrates that the pattern is also different in other developing countries.
6See figure 3.3. In this figure, we calibrate the model constructed by Acemoglu and Guerrieri (2008) and the model
developed in section 2 of this chapter.
7According to Jones (2011), it is also important to understand the effects of the intermediate goods multiplier in the
economic structure and how these affects the process of economic development. There is also an important branch
of the literature that focuses on this impact of intermediate goods and the linkages effect between them (Basu,
1995; Echevarria, 1997). Thus, the effects of structural change should be included in accounting for growth.
8In addition, Laitner (2000) argue that the productive structure of economies can affect capital accumulation for
they because that would influence the savings rate and the aggregate product. Therefore, the economic grows
over time. The model developed by this author explains well the decline of the savings rate in the post-industrial
period and the fall in economic growth in some countries. For this author, the initial conditions and the type of
international trade can explain this fact.
9Engel’s law suggests that as a household’s income increases, the fraction that it spends on food declines.
Furthermore, after some level of food consumption has been achieved, the household starts to demand others
items, in particular, manufactured goods and services (Acemoglu, 2009).
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With the aim of this chapter in focus, we will present a multi-sector model of economic
growth with structural change. First, we introduce a public good in the production of the
intermediate goods firms, and a government can levy taxes on these firms to finance this good.
We seek to demonstrate that the government would change the allocation of inputs to affect the
relative prices of the intermediate goods, mainly because the public good would be insufficiently
provided or the tax would be excessive. Furthermore, the bias of public policies could affect the
production sector differently and also could alter the distribution of resources between sectors.
Thus, the pattern of structure change will be distinct between economies because of the set of
characteristics that imply an allocation of resources that is prejudicial to economic development.
Second, we will be introducing a majority decision to choose the tax system and the public
good provisioned. This environment can accelerate the structure change of production or imply
the persistence of harmful structures to economic growth. This exercise of political economy is
conducted to improve understanding of the channels that influence the determinants of structural
change because the bias effect of production is not observed.

Moreover, third, we also demonstrate that structural change differs between economies
basically because there is a resource misallocation. Hsieh and Klenow (2009) suggest
that inputs misallocated at the firm-level distort the productivity of firms, which affects the
aggregate TFP and hence the output growth of the economy. For instance, it is highlighted
that credit markets in developing economies do not operate as efficiently as in industrialized
economies and that imperfections in credit markets act as an obstacle to the efficient allocation
of resources across production opportunities. Identically, imperfections in labor market
institutions can create resource misallocation. It is also recognized that certain policies can
create misallocation as they often effectively apply differently to heterogeneous producers.
Despite this misallocation being implicitly contained in section 2, we seek to capture any
unobservable effect that would affect relative prices, which are not computed in the basic
framework. Thus, we will check how these affects the productive incentives to enhance
structural change. Therefore, this structural change would further influence the economic
development of various countries.

Therefore, if we compare the model developed here to others studies that also employ the
multisectoral model, such as obtained by Acemoglu and Guerrieri (2008), the model better
explains the pattern of structural change observed mainly in developing countries because
two motives. First, because the model exhibited here does not impose some degree of
complementarity between sectors. Second, because this model imposes less restricts on the
technological gap between sectors. According to Acemoglu and Guerrieri (2008), if the sectors
were complementary then the technical progress by the capital-intensive sector would need
to be substantially more than the labor-intensive sector. However, these does not necessarily
occur here because we introduced the tax of intermediate sectors and the effects of the distinct
necessities of the public good between sectors. The calibration exercises indicate that the
mechanism proposed in this chapter can generate changes in the sectoral composition and it
are broadly comparable to the changes we observe in the manufacturing sector in developing
economies. These results also imply that there are changes in relative employment levels that
are in the same direction as in the firm-level data for the Brazilian manufacturing sector.

The rest of the chapter is divided as follows: Section 2 presents a theoretical model that
relates structure change and output growth, and it presents empirical validation of model, while
Section 3 briefly shows the role of political economy. Section 4 presents a extended theoretical
model with misallocation of resources. The last section concludes this chapter.

2. Inputs allocation and the role of government

The model to be presented here relates structural change and output growth for the economy.
We follow closely the theoretical characterization developed by Acemoglu and Guerrieri (2008).
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The primarily difference in the model developed here is the introduction of the government
that is the provider of the public good and the collector of taxes. If on the hand the public
good increases productivity, and on the other hand, to finance this good, the government taxes
intermediate goods, and this fact can distort relative prices. In addition, we consider that
decisions on tax rates are exogenous in this section.

2.1. Environment. Consider an economy with finite horizon and continuous timing. This
economy has a continuum of individuals with standard preferences regarding the consumption
of a final good produced, of which the utility function is

(3.1) 𝑈(𝐶𝑡, 𝑡) =

∫︁ ∞

0

𝐶1−𝜃
𝑡 − 1

1 − 𝜃
exp (−𝜌𝑡) 𝑑𝑡,

where 𝐶𝑡 is the aggregate consumption over time period 𝑡, 𝜌 ∈ (0, 1) is the temporal preference
rate, and 𝜃 ∈ [0,∞) is the coefficient of risk aversion.

In this economy, a final good 𝑌𝑡 to be produced utilizes two intermediate goods, 𝑋1𝑡 and
𝑋2𝑡, for two sectors, whose production functions are given by

(3.2) 𝑌𝑡 =
[︁
𝛾𝑋

𝜖−1
𝜖

1𝑡 + (1 − 𝛾)𝑋
𝜖−1
𝜖

2𝑡

]︁ 𝜖
𝜖−1

,

where 𝜖 ∈ (0,∞) and 𝛾 ∈ (0, 1). Thereby, we need a positive amount of each intermediate
good for production of one unit of the final good. Assume that each sector has homogeneous
firms. With this, the production function of the intermediate goods of each sector 𝑠 = {1, 2} is
given by

(3.3) 𝑋𝑠𝑡 = 𝑀𝑠𝑡𝐾
1−𝛼𝑠−𝛽𝑠
𝑠𝑡 𝐿𝛼𝑠

𝑠𝑡 𝐺
𝛽𝑠
𝑡 ,

where 𝛼𝑠 ∈ (0, 1), 𝛽𝑠 ∈ (0, 1), and 𝛼𝑠 + 𝛽𝑠 < 1. Furthermore, 𝐺𝑡 is a public good; 𝐾𝑠𝑡 is the
physical capital; 𝐿𝑠𝑡 is the labor force; and 𝑀𝑠𝑡 is the technological level. The public good is
time-variant and nonexcludable between sectors. When we refer to the public good, according
to the literature, we are considering the public spending that increases the marginal efficiency
of inputs, for example, public expenditure with education, health, and public infrastructure.

Note that if 𝛼1 = 𝛼2, then the intermediate sectors will have the same the labor intensity.
However, if 𝛽1 ̸= 𝛽2, these sectors differs in the distinct capital intensity and the necessity of the
public good. Furthermore, if 𝛼1 ̸= 𝛼2 and 𝛽1 = 𝛽2, then this environment could be similar to
that constructed by Acemoglu and Guerrieri (2008). This introduction of 𝐺𝑡 will represent the
decomposition of technological measurement. In this case, there are no elements that distort
relative prices because the tax and the necessity of the public good are both sector-invariant.
Thus, we propose assumption 3.1.

ASSUMPTION 3.1. Sector 1 is labor-intensive; thus, 𝛼1 > 𝛼2. �

Therefore, we can have six possible environments. Assume that the intermediate goods are
complementary, 𝜖 < 1. First, if 𝛽1 > 𝛽2, then sector 1 will also be intensive in the public good,
and sector 2 will be capital-intensive. Second, if 0 < 𝛼1 − 𝛼2 < 𝛽2 − 𝛽1, then sector 2 will be
capital-intensive, and intensive in the public good. Finally, if 𝛼1 − 𝛼2 > 𝛽2 − 𝛽1 > 0, then
sector 1 will also be capital-intensive, and sector 2 will be intensive in the public good. This
last case would refer to sectors with high demand for public expenditure in infrastructure or
qualified workers, for example. Hence, these sectors has a high 𝛽. If the intermediate goods
were substitutes, 𝜖 ≥ 1, we would also have the three possibilities above. We will see that the
path of structure change would depend fundamentally on parameters 𝛽 and 𝜖.

The technological progress is given by

(3.4)
�̇�𝑠

𝑀𝑠𝑡

= 𝑚𝑠𝑡,
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where 𝑚𝑠𝑡 is exogenous, and it has stochastic process. Inputs are restricted such that

𝐾1𝑡 + 𝐾2𝑡 ≤ 𝐾𝑡,(3.5a)

𝐿1𝑡 + 𝐿2𝑡 ≤ 𝐿𝑡,(3.5b)

where 𝐾𝑡 is the aggregate capital and 𝐿𝑡 is the aggregate labor in each time period. The growth
rate of labor force is 𝑛 ∈ [0,∞). The restriction of resources is standard,

(3.6) �̇� + 𝛿𝐾𝑡 + 𝐶𝑡 ≤ 𝑌𝑡,

where 𝛿 ∈ [0,∞) is the depreciation rate of physical capital stock.
We have a government that can levy tax on the intermediate sectors to finance the public

good. This tax is an rate 𝜏 ∈ [0, 1) on the nominal product of the intermediate good sectors.
Furthermore, this tax rate is sector-invariant and time-invariant. Thus, the provision of the
public good is

(3.7) 𝐺𝑡 ≤ 𝜏𝑃1𝑡𝑋1𝑡 + 𝜏𝑃2𝑡𝑋2𝑡,

where 𝑃𝑠𝑡 is defined as the price of the intermediate good over time.

2.2. Equilibrium. The determination of equilibrium will be divided into two parts. First,
sectors maximize the value of their profits subject to the constraints of the aggregate inputs,
𝐾𝑡 and 𝐿𝑡. Furthermore, these sectors determine their allocation, 𝐾1𝑡, 𝐾2𝑡, 𝐿1𝑡, and 𝐿2𝑡, for
the technological level, 𝑀1𝑡 and 𝑀2𝑡, and the public good that is provisioned. Second, the
dynamic of 𝐾𝑡+1 and 𝐶𝑡 are chosen such that an objective function is intertemporally maximize,
according to the optimal allocation of inputs in each time period.

2.2.1. Static. The problem of the producer of final goods is the choice of the intermediate
good, 𝑋1𝑡 and 𝑋2𝑡, where profit

𝑌𝑡 − 𝑃1𝑡𝑋1𝑡 − 𝑃2𝑡𝑋2𝑡

is maximized. The price of the intermediate goods are normalized to the price of the final
good. Solving this problem and using equation 3.2, we obtain that the equilibrium prices of the
intermediate good, which are

𝑃1𝑡 = 𝛾

(︂
𝑋1𝑡

𝑌𝑡

)︂−1/𝜖

,(3.8a)

𝑃2𝑡 = (1 − 𝛾)

(︂
𝑋2𝑡

𝑌𝑡

)︂−1/𝜖

.(3.8b)

Note that the tax does not directly affect the relative prices. However, this tax rate finances a
public good. If the sectors have the distinct necessity of the public good such as

𝑃1𝑡

𝑃2𝑡

∝ 𝐺
𝛽2−𝛽1

𝜖
𝑡 ,

then the tax would indirectly distort the intermediate good prices. Thus, the tax system could be
optimal (suboptimal) implying a beneficial (harmful) structure in terms of productive efficiency
and consequently to enhance (deteriorate) economic growth.

The intermediate good sectors choose inputs 𝐾𝑠𝑡 and 𝐿𝑠𝑡 that maximize their profit

(1 − 𝜏)𝑃𝑠𝑡𝑋𝑠𝑡 −𝑅𝑡𝐾𝑠𝑡 − 𝑤𝑡𝐿𝑠𝑡,

for a given 𝑃𝑠𝑡 and 𝜏 . Moreover, assume that the competitive environment ensures that the cost
of labor, 𝑤𝑡, and the cost of capital, 𝑅𝑡, does not change between sectors. Thus, marginal returns
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are equalized within sectors for each time period. Consequently, we have the no-arbitrage
condition of inputs

(3.9)
𝐾𝑠𝑡

𝐿𝑠𝑡

=
1 − 𝛼𝑠 − 𝛽𝑠

𝛼𝑠

.

Furthermore, the marginal returns are equalized between sectors for each time period. Thereby,
we obtain that

(3.10) 𝜅𝑡 =

[︃
1 +

(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2 − 𝛽2

1 − 𝛼1 − 𝛽1

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖

]︃−1

,

(3.11) 𝜆𝑡 =

[︂
1 +

(︂
𝛼2

𝛼1

)︂(︂
1 − 𝛼1 − 𝛽1

1 − 𝛼2 − 𝛽2

)︂(︂
1

𝜅𝑡

− 1

)︂]︂−1

,

where 𝜅𝑡 ≡ 𝐾1𝑡/𝐾𝑡 is the share of aggregate capital which is allocated to the labor-intensive
sector, 𝜅𝑡 ∈ (0, 1), and 𝜆𝑡 ≡ 𝐿1𝑡/𝐿𝑡 is the share of aggregate labor force which is allocated
to this the same sector, 𝜆 ∈ (0, 1). Note that 𝜆 is strictly increasing in 𝜅. Thus, the static
equilibrium implies that capital and labor are reallocated toward the same sector overtime.
Moreover, 𝜅 is the key variable of the model presented here. In addition, define 𝑘𝑡 ≡ 𝐾𝑡/𝐿𝑡 as
the aggregate capital-labor ratio, 𝑘 ∈ (0,∞). We obtain

𝑘𝑡 =

(︂
1 − 𝛼1 − 𝛽1

𝛼1

)︂
𝜆𝑡 +

(︂
1 − 𝛼2 − 𝛽2

𝛼2

)︂
(1 − 𝜆𝑡) .(3.12)

Observe also that equation 3.12 does not guarantee that this aggregate capital-labor ratio is
time-invariant.

Using equation 3.3 we have

𝑋2𝑡

𝑋1𝑡

=
𝑀2𝑡

𝑀1𝑡

(1 − 𝜅𝑡)
1−𝛼2−𝛽2

𝜅1−𝛼1−𝛽1
𝑡

(1 − 𝜆𝑡)
𝛼2

𝜆𝛼1
𝑡

𝑘𝛼1−𝛼2
𝑡 𝜑𝛽2−𝛽1

𝑡 ,

where 𝜑𝑡 ≡ 𝐺𝑡/𝐾𝑡 is the ratio of the public good and the aggregate capital, 𝜑 ∈ (0,∞). Thus,
the output gap between sectors would be fundamental due to differences in the allocation of
inputs, the technological gap and the distinct necessities of the public good. In addition, we
define lim𝑡→∞ 𝜅𝑡 = 𝜅*. If 𝜅* = 1, then the output gap between sectors becomes significant in
favor of the labor-intensive sector and the opposite is true when 𝜅* = 0.

For equations 3.2, 3.7, and 3.8, we also obtain that the static equilibrium, implies that

(3.13) 𝐺𝑡 = 𝜏𝑌𝑡.

Thus, the ratio of the public good and the final good is time-invariant. In others words, the
time-invariant tax on the nominal output of the intermediate good sectors or on the final good
would have the same effect in terms of provision of the public good. However, the public good
is an input and may not be constant to other inputs. Thus, 𝜑 can not be constant and this variable
is implicitly given by

𝜑𝑡 = 𝜏

[︂
𝛾
(︁
𝑀1𝑡𝜅

1−𝛼1−𝛽1
𝑡 𝜆𝛼1

𝑡 𝑘−𝛼1
𝑡 𝜑𝛽1

𝑡

)︁1− 1
𝜖

+ (1 − 𝛾)
(︁
𝑀2𝑡(1 − 𝜅𝑡)

1−𝛼2−𝛽2(1 − 𝜆𝑡)
𝛼2𝑘−𝛼2

𝑡 𝜑𝛽2
𝑡

)︁1− 1
𝜖

]︂ 𝜖
𝜖−1

.(3.14)

Therefore, there would be ambiguous effects of structural change on the share of the public
good in this economy, and depending on parameters 𝛽 and 𝜖. With this, we have proposition
3.1.
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PROPOSITION 3.1. If 𝜅 is increasing over time, we obtain

𝜕𝜑𝑡

𝜕𝜅𝑡

{︂
> 0 if 𝜑𝑡 >

[︁
𝜏𝑀1𝑡𝑘

*−𝛼1 (𝛽1𝛾)
𝜖−1
𝜖

]︁ 1
1−𝛽1 ,

≤ 0 otherwise.

If 𝜅 is decreasing over time, we obtain

𝜕𝜑𝑡

𝜕𝜅𝑡

{︂
> 0 if 𝜑𝑡 <

[︁
𝜏𝑀2𝑡𝑘

*−𝛼2 (𝛽2(1 − 𝛾))
𝜖−1
𝜖

]︁ 1
1−𝛽2 ,

≤ 0 otherwise.
�

Intuitively, proposition 3.1 implies that a structural change may be accompanied by
growth in the size of government in an economy10. For example, imagine an economy with
deficient infrastructure and a low level of education. The structural change that accompanies
economic development can affect the provisioner government of the public good. However, an
industrialized economies requires a lesser presence of this government because they would have
satisfactory levels of infrastructure and education. In this situation, the process of economic
growth implies that the public good growth would approach lower levels of its inputs, and a
reduction of this the public good would approach higher levels of its inputs. In others words,
there is an inverted-U relationship between the public good and the allocation of inputs. A key
point is that the role for this government will depend on the technological level, the necessity
of the public good, the capital share, and the tax.

The static equilibrium also implies proposition 3.2. This proposition is similar to that
obtained by Acemoglu and Guerrieri (2008). If intermediate goods are complementary, then the
fraction of capital and labor allocated among sectors decreases in the high-tech sector because
efficient sectors require less inputs for the same amount produced. Thus, the inputs can be
reallocated to the low-tech sectors11.

PROPOSITION 3.2.
𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

> 0 if 𝜖 < 1.

The opposite is true when 𝜖 ≥ 1. �

PROPOSITION 3.3. If 𝜖 < 1, then the tax affects the allocation of inputs in the path of
dynamic equilibrium such that

if 𝛽1 > 𝛽2, thus
𝜕𝜅𝑡

𝜕𝜏
< 0,

if 𝛽1 ≤ 𝛽2, thus
𝜕𝜅𝑡

𝜕𝜏
≥ 0.

The opposite is true when 𝜖 ≥ 1. �

Proposition 3.3 demonstrates the tax effect on the allocation of inputs12. If intermediate
goods are complementary, the tax growth would increase the allocation of capital (and labor)
for the sector that has less necessity for the public good. This outcome would occur because the
tax affect finances the public good, which implies the same effect as a technology shock. The
sector with more necessity for the public good becomes more efficient and requires relatively
less capital and labor. However, despite the presence of the effects described above, we have a
substantial effect on the prices of the intermediate goods if the sectors are substitutes because
the relative increase in the sectoral output also affects the relative prices of the intermediate
goods. In this situation, the tax increase would cause the inputs to move in favor of the sector
10Calculate details see appendix B.
11Calculate details see appendix B.
12Calculate details see appendix B.
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with more necessity for the public good. Thus, the tax would affect the distribution of inputs,
depending on the degree of substitutability between sectors and the necessity for the public
good of each sector.

2.2.2. Dynamic. From the environment characterized in previous subsections, the
competitive equilibrium is defined as a system of prices [𝑟𝑡, 𝑤𝑡, 𝑃1𝑡, 𝑃2𝑡]

∞
𝑡=0, a feasible allocation

[𝐿1𝑡, 𝐿2𝑡, 𝐾1𝑡, 𝐾2𝑡]
∞
𝑡=0 such that firms maximize their earnings, the public good is provisioned

and markets are clear. The households’ choices are [𝐶𝑡, 𝐾𝑡+1]
∞
𝑡=0 that maximize their utility. As

that market would be complete and competitive, we can apply the second theorem of welfare.
Thus, we maximize equation 3.1 and restrict equations 3.2, 3.3, 3.4, 3.5, 3.6, and 3.7 for a given
list of initial conditions {𝜅0, 𝐾0, 𝐺0, 𝐿0,𝑀10,𝑀20}.

Therefore, because the utility function is continuous and strictly concave, and moreover, the
restrictions are convex, then the competitive equilibrium has a unique solution that corresponds
to a unique competitive equilibrium. The first order conditions imply that the intratemporal
condition is analogous to equation 3.9, and the intertemporal condition is given by

�̇�

𝐶𝑡

=
1

𝜃

[︃
𝛾(1 − 𝛼1 − 𝛽1)

(︂
𝑋1𝑡

𝑌𝑡

)︂− 1
𝜖 𝑋1𝑡

𝐾1𝑡

− 𝛿 − 𝜌

]︃
.

Defining the consumption per worker as 𝑐𝑡 ≡ 𝐶𝑡/𝑀1𝑡𝐿𝑡, we obtain

(3.15)
�̇�

𝑐𝑡
=

1

𝜃

[︃
𝛾(1 − 𝛼1 − 𝛽1)

(︃
𝑀1𝑡𝜆

𝛼1
𝑡 𝜑𝛽1

𝑡

𝜂
1
𝜖
𝑡 𝜅

𝛼1+𝛽1
𝑡 𝑘𝛼1

𝑡

)︃
− 𝛿 − 𝜌

]︃
− 𝑛−𝑚1𝑡,

where13 𝜂𝑡 ≡ 𝑋1𝑡/𝑌𝑡. Note that 𝜑 is implicitly given by equation 3.14 as a primordially function
from the parameters list {𝜏, 𝛽, 𝜖}, and the variables {𝜅, 𝑐, 𝑘}. Furthermore, market clearing
implies that 𝐶 = 𝑌 and, then,

(3.16)
�̇�

𝜑𝑡

=
�̇�

𝑐𝑡
− 𝑀1𝑡𝜅

1−𝛼1−𝛽1
𝑡 𝜆𝛼1𝜑𝛽1

𝑡

𝜂𝑡𝑘
𝛼1
𝑡

+
𝑐𝑡
𝑘𝑡

+ 𝛿.

In other words, the ratio of the public good and the aggregate capital will depend fundamentally
by the allocation of inputs, the consumption per worker and the capital-labor ratio. For equation
3.16, the greater the public good to the aggregate capital, the greater is 𝜑. Moreover, this
dynamic primordial depends on the growth of aggregate capital and the main sources of funds
to finance the public good.

For the dynamic of the aggregate capital and for definition of 𝑘𝑡, we obtain

(3.17)
�̇�

𝑘𝑡
=

𝑀1𝑡𝜅
1−𝛼1−𝛽1
𝑡 𝜆𝛼1𝜑𝛽1

𝑡

𝜂𝑡𝑘
𝛼1
𝑡

− 𝑐𝑡
𝑘𝑡

− 𝛿 − 𝑛,

and for equation 3.10

(3.18)
�̇�

𝜅𝑡

= Ω(𝜅𝑡)

[︃
𝑚1 −𝑚2 + (𝛼2 − 𝛼1)

�̇�

𝑘𝑡
+ (𝛽1 − 𝛽2)

�̇�

𝜑𝑡

]︃
,

where
Ω(𝜅𝑡) =

1 − 𝜅𝑡

1
𝜖−1

+ 𝛽1 + (𝛼1 − 𝛼2)(𝜆𝑡 − 𝜅𝑡) + (𝛽1 − 𝛽2)𝜅𝑡

.

Finally,

(3.19) lim
𝑡→∞

𝑘𝑡 exp [− (𝜌− (1 − 𝜃)𝑛) 𝑡] = 0.

Equations 3.11, 3.14, 3.15, 3.17, 3.18, and 3.19 determine the equilibrium path. The first
is the evolution of the share of labor between sectors. The second is the ratio of the public

13More specifically 𝜂𝑡 = 𝛾
𝜖

1−𝜖

(︁
1 + 1−𝛼1−𝛽1

1−𝛼2−𝛽2

(︁
1
𝜅𝑡

− 1
)︁)︁ 𝜖

1−𝜖

.
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good and the aggregate capital. The third is the standard Euler equation. The fourth is the
law of motion of the ratio of the aggregate capital-labor. The fifth is the evolution of the share
of capital between sectors. The last equation represents the No-Ponzi game condition. These
equations are derived assuming assumptions 3.1, and in addition, assumptions 3.2 and 3.3.

ASSUMPTION 3.2. For all time periods,

𝜌 ≥ (1 − 𝜃)𝑛. �

ASSUMPTION 3.3. Or
𝑚2 > 𝑚1 and 𝜖 > 1 − 1

𝛽1

,

or
𝑚2 < 𝑚1 and 𝜖 < 1 − 1

𝛽1

,

when 𝑡 approaches infinity. Thus, these inequalities implies the existence of asymptotic
dominance between sectors. �

Assumption 3.2 imply that the No-Ponzi condition is satisfied over time. Assumption
3.3 is a direct result of the asymptotic stability of the differential equations 3.15, 3.17, and
3.18. According to this assumption, one intermediate sector asymptotic dominate the other
for some values of the technical progress and the necessity of public good of the dominant
sector14. Interestingly, the asymptotic dominance is not necessarily in direction of the high-tech
intermediate sector and then this assumption is congruent to proposition 3.2.

Under assumptions 3.1-3.3 and given the initial conditions 𝑘0, 𝜅0, 𝜑0 the solutions to the
dynamic problem satisfies the following system of differential equations 3.15, 3.17 and 3.18, 𝜆
is given by equations 3.11, and 𝜑 is given by equations 3.14. Therefore, if we compare the model
presented here to others studies that also employ the multisectoral model of economic growth,
such as obtained by Acemoglu and Guerrieri (2008), the model better explains the pattern of
structural change observed mainly in developing countries because two motives. First, because
the model exhibited here does not impose some degree of complementarity between sectors.
Second, because this model imposes less restricts on the technological gap between sectors.
According to Acemoglu and Guerrieri (2008), if the sectors were complementary then the
technical progress by the capital-intensive sector would need to be substantially more than the
labor-intensive sector15. However, these does not necessarily occur here because we introduced
the tax of intermediate sectors and the effects of the distinct necessities of the public good
between sectors.

2.3. Constant Growth Path. Define the Constant Growth Path (CGP) as the dynamic
competitive equilibrium characterized by constant growth of the aggregate key-variables
(Acemoglu, 2009). Thus, given the assumptions 3.1-3.3, there is an unique CGP that is a stable
solution of the social planner problem. For this, there is a unique CGP implied by equations
3.10 and 3.11 such that

�̇�

𝑐𝑡
=

�̇�

𝑘𝑡
= 0,

and for equation 3.15

(3.20)
�̇�

𝐶𝑡

= 𝑛 + 𝑚1 = 𝜈.

Define 𝑥* = lim𝑡→∞ 𝑥𝑡, where 𝑥 is the key variables. If 𝜅* = 1, then the aggregate capital
is allocated toward the labor-intensive sector. Again, capital and labor move in this the same
14See appendix B for calculate details.
15The model presented by Acemoglu and Guerrieri (2008) implies that there is stability if 𝑚2/𝛼2 > 𝑚1/𝛼1 and
𝜖 > 1, or 𝑚2/𝛼2 < 𝑚1/𝛼1 and 𝜖 < 1. Furthermore, 𝛼1 > 𝛼2 implies a higher gap of technological progress.
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direction, then 𝜅* implies that 𝜆* = 1. Thus, labor moves approaching the labor-intensive
sector. This scenario is opposite if 𝜅* = 0. Note that these cases only occur at the asymptotic
limit because the production of final good requires a positive quantity for each the intermediate
good. We present here the case when 𝜅* = 116.

Furthermore, the definition of the aggregate capital-labor ratio implies that

𝑘* =
1 − 𝛼1 − 𝛽1

𝛼1

.(3.21)

For this and equations 3.15 and 3.17 we obtain

𝜑* =

(︂
1

𝑀1

)︂(︃
𝛾

𝜖
1−𝜖 (𝑛𝜃 + 𝛿 + 𝜌)

1 − 𝛼1 − 𝛽1

)︃(︂
1 − 𝛼1 − 𝛽1

𝛼1

)︂𝛼1

,(3.22)

𝑐* =

(︂
𝑛𝜃 + 𝛿 + 𝜌

𝛼1

)︂
+ (𝛿 + 𝑛)

(︂
1 − 𝛼1 − 𝛽1

𝛼1

)︂
.(3.23)

Equations 3.21 and 3.23 determine the aggregate capital-labor ratio and the consumption per
worker. Note that these equations are similar to equilibrium equations obtained by Acemoglu
and Guerrieri (2008). However, there are two crucial differences. First, the model characterized
here implies that the tax reduces consumption and capital per worker because this tax rate
reduces the available amount of the intermediate good for the final good production. However,
to finance the public good, this tax indirectly elevate the consumption and capital per worker
because of the increase of the production efficiency. Theorem 3.1 summarize this remarking.

THEOREM 3.1. Under assumptions 3.1-3.3, there exists a unique non-trivial CGP such that

𝜅* = 𝜆* = 1

𝑘* =
1 − 𝛼1 − 𝛽1

𝛼1

𝜑* =

(︂
1

𝑀1

)︂(︃
𝛾

𝜖
1−𝜖 (𝑛𝜃 + 𝛿 + 𝜌)

1 − 𝛼1 − 𝛽1

)︃(︂
1 − 𝛼1 − 𝛽1

𝛼1

)︂𝛼1

𝑐* =

(︂
𝑛𝜃 + 𝛿 + 𝜌

𝛼1

)︂
+ (𝛿 + 𝑛)

(︂
1 − 𝛼1 − 𝛽1

𝛼1

)︂
�̇�

𝑌𝑡

=
�̇�

𝐾𝑡

=
�̇�1

𝑋1𝑡

=
�̇�1

𝐾1𝑡

= 𝑛 + 𝑚1 = 𝜈

�̇�2

𝑋2𝑡

= 𝜈 + 𝑚2 −
𝑚1 −𝑚2

(𝜖− 1)−1 + 𝛽1

≶ 𝜈

�̇�2

𝐾2𝑡

= 𝜈 − 𝑚1 −𝑚2

(𝜖− 1)−1 + 𝛽1

< 𝜈

𝐿1

𝐿1𝑡

=
�̇�

𝐿𝑡

= 𝑛 < 𝜈

𝐿2

𝐿2𝑡

= 𝑛− 𝑚1 −𝑚2

(𝜖− 1)−1 + 𝛽1

< 𝑛 < 𝜈. �

For example, if the productive inputs are allocated in constant proportions between
intermediate sectors, the less labor-intensive sector grows faster than the more labor-intensive

16Also 𝜅*, 𝜆* ∈ (0, 1) such that there would be the structural change where one sector sufficient dominates, but
this sector not dominate completely this economy. Clearly, there is a scenario that 𝜅* = 0.
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sector. The fast growth for sector 2 reduces the intermediate good price; thus, the reserve price
of inputs falls for this sector, and these inputs are reallocated towards sector 1. However, this
reallocation cannot fully compensate for the increased growth of sector 2; otherwise, there is no
relocation. Therefore, growth is not balanced. In particular, note too that if 𝜖 > 1 − 1/𝛽1, the
stability of asymptotic equilibrium requires that 𝑚1 < 𝑚2. Then, the physical capital and the
labor can be reallocated from the high-tech sector to the low-tech sector, where the high-tech
sector have the greater technological growth rate. Furthermore, in this case, the economy does
not need to substitutes its utilization of the intermediate good. The existence of less restriction
on substitutability on the intermediate goods is a distinct result compared to Ngai and Pissarides
(2007) or Acemoglu and Guerrieri (2008).

The theoretical results here are consistent with Kaldor facts and the unbalanced growth
between the intermediate sectors, according to Ngai and Pissarides (2007). Thus, the
introduction of the government as an agent provisioner of the public good, where taxes lead
to relevant results regarding growth policies. For example, the government could raise the tax
rate. Thus, the sector that requires more public good would lose relatively less, because the
increase of the tax rate implies that the provision of the public good also increases. Again, the
public good can be public education and infrastructure. However, this tax growth also alters
relative prices indirectly by a change in incentives of agents. This phenomenon also implies a
change in the productive structure of the economy, and this change would be beneficial (or not)
depending on the economic growth policy adopted. It is well-known that developing countries
generally have insufficient levels of infrastructure and supply of skilled labor, but they have
harmful tax systems. Then, the model presented here implies that these countries has a distinct
pattern of the structural change to industrialized countries due each of these deleterious factors.

Similar to that obtained by Ngai and Pissarides (2007) and Acemoglu and Guerrieri (2008),
economic growth is dependent on the elasticities of inputs and the technical progress of
the asymptotically dominant sector. However, it now also depends on the necessity of the
public good. In an economy with some substitutability between intermediate goods, the
labor-intensive sector is asymptotically dominant, and the greater the necessity for public good
for the intensive-capital sector, the higher is the product growth of this sector. However, this
growth rate may be higher than the growth of the dominant sector, depending fundamentally on
technological progress in the dominant sector. Finally, in this model, tax affects relative prices
and may imply a structural change that does not necessarily depend on the substitutability
between intermediate goods. In addition, this tax indirectly elevates the production of
intermediate goods by increasing the availability of the public good.

2.4. Numerical exercise. In this subsection, we will investigate whether the framework
presented in the previous subsections are consistent with the empirical patterns. We seek
to explain that the dynamics of developing economies presents a different structural change
than in industrialized economies. Thus, we focus the Brazilian manufacturing sector. The
model presented above is characterized by ten parameters {𝜌, 𝛿, 𝜃, 𝛾, 𝜖, 𝛼1, 𝛼2, 𝛽1, 𝛽2, 𝜏} and six
initial conditions {𝐾0, 𝐿0,𝑀1,0,𝑀2,0, 𝐾10, 𝐿10}. Table 3.2 presents the parameters and initial
conditions used in the calibration. See appendix B for details imputation of these parameters.
Furthermore, from equations 3.11, 3.14, 3.15, 3.17, 3.18, and 3.19 will be computed the
equilibrium paths of the key variables of the model of section 2. Thus, we utilize the numerical
method of Runge-Kutta. This method basically consists of discretizing the differential equation
system, and the use of a Taylor approximation fourth order minimizes the error arising from the
discretization time relative to the exact solution17.

Figure 3.3 presents the result of our benchmark calibration and the reproduction of
Acemoglu and Guerrieri (2008) for the Brazilian manufacturing sector with the parameter

17As detailed in Chapter 10 of Judd (1998).
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values described above. The four panels depict relative capital in labor-intensive sector, relative
labor in labor-intensive sector, the capital-labor ratio, and the ratio of the public good and the
aggregate capital for the first 20 years. The time period corresponds to 1996-2016. Observe
that the fundamental calibration of this section in 15 years initials is consistent as presented
in figures 3.1 and 3.2. From this figure, for the first 20 years, there is relevant reallocation
because capital and labor are reallocated away from the less labor-intensive sector toward the
more labor-intensive sector. The economy is not far from the asymptotic equilibrium with
𝜅* = 𝜆* = 0. In fact, the economy takes a very long time, over thousand years, to reach the
asymptotic equilibrium if we use the framework without government. However, introducing
of this type of institution affects the convergence of the model. Thus, the structural change is
faster, and this is more realistic when we compare these results to the data observed.

One point is worth noting is that the behavior of the necessity of the public good is
ambiguous in relation to the capital intensity. According to proposition 3.1, for the parameters
calibrated here 𝜖 = 0.423, 𝛽1 = 0.198 and 𝛽2 = 0.114, the provision of the public good
increases at the low levels for this good and decrease at the high levels for this good. This
phenomenon validate the proposition 3.1. Furthermore, the magnitude of these effects becomes
smaller than for the growth rate of the aggregate capital. Therefore, there is an inverted-U
relationship between the public good and the allocation of inputs and the ratio of the public
good and the aggregate capital approaches asymptotically to zero.

3. The role of conflict distribution

We have only two policy instruments in the economics characterized in the previous section:
the tax on the intermediate good and the provision of the public good. Suppose now that the
policies of these instruments are chosen by majority decision such that the government boundary
is binding. The public good is nonexcludable and common for all firms of the intermediate
goods. Thus, this public good is determined endogenously. However 𝛽𝑠 is distinct between
sector; thus, there is an optimally rate 𝜏 𝑠 and, consequently, the size of government preferable
for each sector. Furthermore, the share of each interest group is fundamental in the choice of the
tax system if this choice would be by majority decision. Thus, assume that the quantity of firms
is distributed between sectors such that Γ𝑡 ∈ (0, 1) is the share of firms of the labor-intensive
sector in each time period. Suppose that all firms are homogeneous in each sector and we define
each firm’s earnings as

𝑦1𝑡 =
1

Γ𝑡𝐴
[(1 − 𝜏)𝑃1𝑡𝑋1𝑡 − 𝑤𝑡𝐿1𝑡 −𝑅𝑡𝐾1𝑡] =

Π1𝑡

Γ𝑡𝐴
,(3.24a)

𝑦2𝑡 =
1

(1 − Γ𝑡)𝐴
[(1 − 𝜏)𝑃2𝑡𝑋2𝑡 − 𝑤𝑡𝐿2𝑡 −𝑅𝑡𝐾2𝑡] =

Π2𝑡

(1 − Γ𝑡)𝐴
,(3.24b)

where 𝐴 is the total of firms such that we consider this is time-invariant. If 𝐴 is time-variant, we
can have structural change only because there is new firms. Furthermore, note that we implicitly
consider that the firms are perpetual. Thus, we also consider of the heroic mode where the flow
of creation and destruction of firms implies that the total of firms is time-invariant.

3.1. Optimal tax. Suppose that the tax system is chosen by the majority decision in each
time period. For now, suppose also that Γ𝑡 = Γ0, ∀𝑡. Thus, the distribution of firms and decision
power are both fixed. Assuming that 𝛽1 ̸= 𝛽2 then there is necessarily an tax rate 𝜏 preferable
for each sector. However, there is no production of intermediate goods and final goods if this
tax were zero. Then, there is a positive tax such that the intermediate goods are produced and
all firms have non-negative earnings. The tax that we presented is exogenously determined.
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However, if each of the intermediate goods sectors choose 𝜏 that maximize their profits, the
conditional of the optimal tax is given by

−𝑃𝑠𝑡𝑋𝑠𝑡 + (1 − 𝜏𝑠)

(︂
𝜕𝑃𝑠𝑡

𝜕𝜏
𝑋𝑠𝑡 +

𝜕𝑋𝑠𝑡

𝜕𝜏
𝑃𝑠𝑡

)︂
= 0,

where 𝜏𝑠 ∈ (0, 1). In others words, the preferable tax for each sector will depend on the price
effect and the quantity effect. Note that this equation can rewrite as

(3.25) 𝜏𝑠 = 1 +

(︂
𝜕𝑃𝑠𝑡

𝜕𝜏

1

𝑃𝑠𝑡

+
𝜕𝑋𝑠𝑡

𝜕𝜏

1

𝑋𝑠𝑡

)︂−1

,

such that the term inside in parentheses is restricted by (−1, 0). This fact implies that the
negative effect of price is higher to the positive effect of quantity. Moreover, equation 3.25
implies proposition 3.4.

PROPOSITION 3.4. For equation 3.25, if 𝛽1 > 𝛽2, thus 𝜏1 > 𝜏2. The opposite is true when
𝛽1 ≤ 𝛽2. �

The reasons for these propositions are identical to the arguments discussed in proposition
3.1. Therefore, each sector prefers the tax rate that meets their necessity of the public good
because two motives18. First, because each sector chooses the tax that has a greater effect on
the relative price in their favor. Remembering that 𝑃1𝑡/𝑃2𝑡 ∝ 𝜏𝛽2−𝛽1 , then the greater gap of the
necessity of the public gap, the greater effect there is on the relative price and the greater relative
earnings. Second, because the greater the necessity for public good in each sector, the greater
is the preferable tax rate to finance this public good such that it would increase the efficiency
of inputs. Furthermore, we do not have uncertainty on equilibrium; therefore the tax system
𝜏 * + 𝑣(𝜏) is determined in initial time, where 𝑣(𝜏) is a distortion on the optimal tax system.
Thus, the government boundary is modified by

(3.26) 𝐺𝑡 = (𝜏 * + 𝑣(𝜏)) (𝑃1𝑡𝑋1𝑡 + 𝑃2𝑡𝑋2𝑡) ,

where 𝑣(𝜏) is a strictly increasing function and convex function as 𝑣(0) = 𝑣′(0) = 0 and
𝑣′(1) = ∞ than this function represents a distribution for optimal tax rate 𝜏 *. This optimal tax
rate is the tax that maximizes the economic growth of this economy.

We must derive an indirect utility function of the policy variable to find the preferable tax
rate of each sector; thus, we must maximize the individual payoff of each firm in relation to
the tax rate for given the equilibrium of the marginal returns of inputs. Assume also that the
distribution of firms does not change, Γ𝑡 = Γ0. Thus, the individual problem is the same
problem as that of sector. We focus on the interior solution for determining the optimal tax rate.
There is a unique solution because 𝑣 is convex. If Γ0 > 0.5, the sector 1 chooses 𝜏 , if Γ0 < 0.5
sector 2. Then, the tax system is given by the tax rate 𝜏𝑠 where the sector 𝑠 maximizes 𝑦𝑠𝑡, and
this imply that

(3.27) 𝜏 𝑠 =
𝛽𝑠 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

(𝜖 + 𝛽𝑠 (𝜖− 1))𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

.

In other words, for a given the price level that change the tax rate, the sector with decision
power chooses this the tax rate depending on their the necessity for the public good and the
complementarity degree of the intermediate goods. Note that equation 3.27 is directly result by
equation 3.25. For equation 3.27, we also obtain

(3.28) 𝑣(𝜏) = 𝜏𝑠 − 𝜏 *.

The firms of sector 𝑠 choose the tax rate that does not depend on the firm distribution.
Thereby, the Inada condition implies that 𝑣′(1) = ∞, and the fact that 𝑣 is increasing in 𝜏

18See calculate details in appendix B.
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thus implies that 𝜏1 < 1. There is a unique interior solution because 𝑣 is a convex function.
Furthermore, we obtain proposition 3.5. The intuition for this proposition is that if more
labor-intensive sector has the decision power, Γ0 > 0.5, then the other sector is more taxed.
However, the optimal tax rate of the less labor-intensive is not less such that this the optimal
tax rate affects the provision of the public good. Observe that the this proposition is relatively
similar to proposition 3.4.

PROPOSITION 3.5. For equation 3.25, if 𝜖 ≤ 1, when 𝛽1 ≥ 𝛽2, thus 𝜏1 ≥ 𝜏 * ≥ 𝜏2 and when
𝛽1 < 𝛽2, thus 𝜏1 < 𝜏 * < 𝜏2. The opposite is true if 𝜖 > 1. �

One problem in this additional framework is the potential possibility that there is no
stable equilibrium because the preferences do not satisfy the single-crossing condition on
two dimensions of political space (Acemoglu, 2009). The policies are single-peaked in both
directions. However, these policies are not joint. This situation represents the case where we
have no Condorcet winner. Then, there is no equilibrium with majority decision.

3.2. Distribution of firms. Now assume that the distribution of firms is time-variant. We
hereby conduct a characterization of the dynamic of this distribution. Suppose that the exit or
entry is free between sectors, but the production of each firm implies a non-negative payoff.
Note that this supposition guarantee that there is not a firm leaves its sector and no longer
produces. Thus, each firm will clearly only migrate-out of their sector if there were some
earnings in terms of payoff. Define ∆𝑦𝑡 = 𝑦1𝑡 − 𝑦2𝑡 as the payoff gap of each firm by sector
1 to each firm by sector 2 overtime. The necessary regime for the optimal number of firms in
terms of payoff of the labor-intensive sector is given by: Γ𝑡+1 > Γ𝑡, there is incentive by firms
in sector 2 migrate to sector 1 if ∆𝑦𝑡 > Ψ and ∆𝑦𝑡+1 < Ψ; Γ𝑡+1 < Γ𝑡, there is not incentive
for sector 1 firms to migrate to sector 2 if ∆𝑦𝑡 > Λ and ∆𝑦𝑡+1 < Λ; Γ𝑡+1 = Γ𝑡, the firm has no
incentive to migrate if ∆𝑦𝑡 > Λ and ∆𝑦𝑡+1 < Ψ. We can summarize these conditions in

∆𝑦𝑡 > 𝐼{Γ𝑡+1 > Γ𝑡}Ψ + 𝐼{Γ𝑡+1 ≤ Γ𝑡}Λ,

∆𝑦𝑡+1 < 𝐼{Γ𝑡+1 ≥ Γ𝑡}Ψ + 𝐼{Γ𝑡+1 < Γ𝑡}Λ,

where Ψ𝑡 = −Λ ≡ 𝑓(𝑦1𝑡, 𝑦2𝑡). Because there is no uncertainty about earnings payoff overt
time, changes in the distribution of firms occur only once. Thus, for a given Γ0, if there is no
difference in terms of the discounted payoff between sectors, then the distribution of firms not
change, in other words, ∑︁

𝑡∈[0,∞)

∆𝑦𝑡 exp(−𝜌𝑡) = 0 ⇔ Γ = Γ𝑡,

and consequently we obtain

(3.29) Γ =

∑︀
𝑡∈[1,∞) Π1𝑡∑︀

𝑡∈[1,∞)(𝑌𝑡 − 𝑤𝑡𝐿𝑡 −𝑅𝑡𝐾𝑡 −𝐺𝑡) exp(−𝜌𝑡) − (1 − Γ) (𝑦10 − 𝑦20)
.

Equation 3.29 implies proposition 3.6.

PROPOSITION 3.6. Γ𝑡 is not descending in 𝜅𝑡. �

According to proposition 3.6, there are a minimum number of firms in each sector even
if one sector has higher earnings19, then Γ ∈ (0, 1). Note the fact that Γ′(𝜅𝑡) ≥ 0 and
Γ𝑡 ∈ (Γ, 1) validate the model presented in previous section because if expected earnings of
the asymptotic dominant sector were higher than those of the to other sector, even if Γ0 is
sufficiently low, then this dominant sector will increasingly concentrate inputs and firms in
this economy. Moreover, this holds even if the payoff for firms that dominate the sector was
initially larger. However, this payoff would be decreasing, and then there would be a minimal

19See calculate details in appendix B.
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quantity of firms in the dominated sector. A priori, we can conclude that factors affecting the
concentration of productive inputs directly affect the distribution of firms. Clearly, one example
of these factors is the tax system. Noteworthy, is also the fact that according to proposition 3.3,
the high-tech sector will also increasingly become more concentrated.

Now we will characterize the timing of the firms’ choices. Given a distribution of Γ0, the
decision making firms choose 𝜏 with distortion 𝑣(𝜏) from the optimal rate 𝜏 * that maximizes
their payoff such that there is not incentive for a significant change in the distribution of firms.
This change should not reduce the earnings of these firms. The gap of the optimal tax rate
is 𝜏1 > 𝜏2 if, and only if, 𝑣(𝜏1) > 𝑣(𝜏2). In addition, for most, there will still be a relative
distortion of tax between sectors. Furthermore, according to proposition 3.5 these facts depend
on the distinct necessities for the public good and the degree of elasticities of substitution. For
example, suppose Γ0 > 0.5, firms in sector 1 have the decision power, and in equilibrium, one
could choose a rate 𝜏1. In this case, Γ ≥ Γ0 ⇔

∑︀
𝑡∈[0,∞) ∆𝑦𝑡 exp(−𝜌𝑡) ≥ 0, then sector 1

retain the power to decide on the tax rate and maximize its with the restriction that the decision
power will not be changed in the next period. Moreover, there is a Γ𝑡 such that Γ < Γ0 if,
and only if,

∑︀
𝑡∈[0,∞) ∆𝑦𝑡 exp(−𝜌𝑡) < 0. In this case, if the firm chooses 𝜏1 > 𝜏1, it would

lose the decision power and would be subject to a tax system determined by the firm of sector
2 from the next period. Thus, this fact implies that the greater strategy of these firms would
determine a tax system 𝜏1, which implies that Γ ≥ 0.5. Note also that this loss of the decision
power is relative. Because there is a share of firms that would change sector, these firms actually
induce the change in the firm’s composition. Therefore, some firms can induce changes in the
distribution of firms by the choice of tax rate. This fact is sufficient to maintain control over the
tax system and still make additional earnings.

4. The structural change and the misallocation of resources

From the section 2, the different tax rates and the different necessities for the public good
among firms can distort the relative prices. This distortion would affect the dynamics of resource
allocation, the distribution of firms and hence the economic growth. From another point of view,
this distortion would be a firm-level misallocation of resources that dynamically affects the
aggregate output. Hsieh and Klenow (2009) suggest that inputs misallocated at the firm-level
distort the productivity of firms, which affects the aggregate TFP and hence the output growth
of the economy. Given as that the main chapter, then the aim of this section is to demonstrate
that the manufacturing sector in the developing countries has a distinct pattern of structural
change from the pattern presented in the developed countries because fundamentally the degree
of misallocation of resources in developing countries can be relatively high.

4.1. Environment. Suppose a similar environment to the one presented in the section 2.
However, there is not the necessity of the public good such that the production function of the
intermediate goods is

(3.30) 𝑋𝑠𝑡 = 𝑀𝑠𝑡𝐾
1−𝛼𝑠
𝑠𝑡 𝐿𝛼𝑠

𝑠𝑡 ,

where 𝛼𝑠 ∈ (0, 1). Again, assume that each sector have homogeneous firms or there is only
representative firm in each sector. We denote distortions that increase the marginal products
of capital and labor by the same proportion as an output distortion 𝜏𝑋𝑠. In turn, we denote
distortions that raise the marginal product of capital relative to labor as the capital distortion
𝜏𝐾𝑠. These distortions vary across sectors and time. For example, 𝜏𝑋𝑠 can be high because of a
legal restriction on prices or high transport costs and 𝜏𝐾𝑠 can represent the credit limit. In this
context, the firm’s profit is

(1 − 𝜏𝑋𝑠)𝑃𝑠𝑡𝑋𝑠𝑡 − 𝑤𝑠𝑡𝐿𝑠𝑡 − (1 + 𝜏𝐾𝑠)𝑅𝑡𝐾𝑠𝑡.
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Note that we implicitly suppose that the distortions in firms in the same sectors not change. We
do this because according to chapter 2, the main source of resource misallocation is from the
within-industry effect.

Assume that the allocative choice depends only on the technological level. However, inputs
can have their values distorted (Hsieh and Klenow, 2009). Thus, resource allocation would
result from differences between the input marginal revenues among firms. The marginal revenue
product of labor is proportional to revenue per worker. The marginal revenue product of capital
is proportional to the revenue-capital ratio. These facts are given, respectively, by

𝑤𝑠𝑡 = (1 − 𝜏𝑋𝑠)
𝛼𝑠𝑋𝑠𝑡

𝐿𝑠𝑡

,(3.31a)

𝑅𝑡 =

(︂
1 − 𝜏𝑋𝑠

1 + 𝜏𝐾𝑠

)︂
(1 − 𝛼𝑠)𝑋𝑠𝑡

𝐾𝑠𝑡

.(3.31b)

Intuitively, ex post the marginal revenue of inputs is equalized. However, ex ante the marginal
revenue of inputs is relatively small for some firms. This factor would reduce incentives for
firm efficiency.

4.2. Equilibrium.
4.2.1. Static. Just with the section 2 to solve the problem of maximizing the production of

the final good implies prices are set by the system 3.8. In addition, now the problem of the
intermediate goods sectors implies that the no-arbitrage condition is given by

(3.32)
𝐾𝑠𝑡

𝐿𝑠𝑡

=
1 − 𝛼𝑠

𝛼𝑠(1 + 𝜏𝐾𝑠)
.

Equations 3.32 implies that the capital-labor ratio may be different between sectors not only
because the share of each input across sectors is distinct, also because the extent of misallocation
is different across sectors. Note that the aggregate capital-labor ratio is also affected by the
extent of misallocation such that

𝑘𝑡 =
1 − 𝛼1

𝛼1(1 + 𝜏𝐾1)
𝜆𝑡 +

1 − 𝛼2

𝛼2(1 + 𝜏𝐾2)
(1 − 𝜆𝑡).

Again, the value of the intermediate marginal productivity for each input is equalized between
sectors for each time period. Thereby, we obtain that

(3.33) 𝜆𝑡 =

[︂
1 +

(︂
1 + 𝜏𝐾2

1 + 𝜏𝐾1

)︂(︂
𝛼2(1 − 𝛼1)

𝛼1(1 − 𝛼2)

)︂(︂
1

𝜅𝑡

− 1

)︂]︂−1

,

(3.34) 𝜅𝑡 =

[︃
1 +

(︂
(1 − 𝜏𝑌 2)/(1 + 𝜏𝐾2)

(1 − 𝜏𝑌 1)/(1 + 𝜏𝐾1)

)︂(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2

1 − 𝛼1

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖

]︃−1

,

where
𝑋2𝑡

𝑋1𝑡

=
𝑀2𝑡

𝑀1𝑡

(1 − 𝜅𝑡)
1−𝛼2

𝜅1−𝛼1
𝑡

(1 − 𝜆𝑡)
𝛼2

𝜆𝛼1
𝑡

𝑘𝛼1−𝛼2
𝑡 .

Thus the allocation of factors also is a function of the degree of misallocation between sectors.
The greater the difference the extent of misallocation between sectors, the greater is the
effect of misallocation on the dynamics of reallocation of inputs. Finally, this effect occurred
primarily because the values of the factors of production are distorted. In this new environment,
proposition 3.2 is still valid. Moreover, the static equilibrium now also implies proposition 3.7.
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PROPOSITION 3.7. The allocative equilibrium implies that
𝜕𝜅𝑡

𝜕𝜏𝑌 1/𝜏𝑌 2

≤ 0,

𝜕𝜅𝑡

𝜕𝜏𝐾1/𝜏𝐾2

≥ 0.�

Intuitively proposition 3.7 implies that the greater the misallocation extension of the firms
in sector 1 to the firms in sector 2, worst is the reallocation of inputs toward sector 120. Because
the elevated degree of resource misallocation in relation to sector 1 implies that the price is
more distorted, the marginal value of inputs is affected, and the allocation of inputs enters a
new equilibrium. Moreover, the misallocation of resources at the firm level can then alter the
direction of the reallocation of inputs. In other words, the distribution of resources between
firms and sectors can changed over time, and then the resource misallocation can change the
productive structure of the economy.

We focus on the degree of misallocation to compare the sectors. Similar to Hsieh and
Klenow (2009), we can obtain the optimal allocation of inputs that maximizes the sectors’
product subject to the availability of inputs. In each time period, then the optimal final good is

𝑌 𝐸
𝑡 =

{︃
𝛾𝜖

[︃
𝑀1𝑡

(︂
1 − 𝛼1

1 − 𝛼𝐸
𝐾𝑡

)︂1−𝛼1 (︁ 𝛼1

𝛼𝐸
𝐿𝑡

)︁𝛼1

]︃𝜖−1

+(1 − 𝛾)𝜖

[︃
𝑀2𝑡

(︂
1 − 𝛼2

1 − 𝛼𝐸
𝐾𝑡

)︂1−𝛼2 (︁ 𝛼2

𝛼𝐸
𝐿𝑡

)︁𝛼2

]︃𝜖−1}︃ 1
𝜖−1

,(3.35)

where 𝛼𝐸 = 𝜕 ln𝑌𝑡/𝜕 ln𝐾𝑡 and 1 − 𝛼𝐸 = 𝜕 ln𝑌𝑡/𝜕 ln𝐿𝑡 such that 𝑌 𝐸
𝑡 is the optimal final

good implied by the efficient allocation in sectors of the economy. For equations 3.2 and 3.35,
we can determine that the degree of misallocation of resources within-sectors as follows

(3.36) 𝑀𝑊𝑡 =
𝑌𝑡

𝑌 𝐸
𝑡

.

Thus, we have a measure of the degree of misallocation of resources. For a given aggregate
of input in each time period, the maximum output is the efficient output, and greater is the
degree of the misallocation. However, computing 𝛼𝐸 is a problem. Moreover, if the inputs’
availability is time-variant, then the parameter 𝛼𝐸 can change over time. In the empirical
validation subsection, we will use the results obtained in chapter 2 to impute 𝛼𝐸 and 𝑀𝑊 .

4.2.2. Dynamic. Because the utility function is continuous and strictly concave and,
moreover, the restrictions are convex, the competitive equilibrium has a unique solution that
corresponds to a unique competitive equilibrium. The first order conditions imply that the
intratemporal condition is given by equation 3.32 and the intertemporal condition is

(3.37)
�̇�

𝑐𝑡
=

1

𝜃

[︃
𝛾(1 − 𝛼1)

𝜂
1/𝜖
𝑡

(︂
𝜆𝑡

𝜅𝑡𝑘𝑡

)︂𝛼1

− 𝛿 − 𝜌

]︃
− 𝑛−𝑚1𝑡.

For the dynamics of the aggregate capital and definition of 𝑘𝑡, we get

(3.38)
�̇�

𝑘𝑡
=

𝑀1𝑡𝜅
1−𝛼1
𝑡 𝜆𝛼1

𝜂𝑡𝑘
𝛼1
𝑡

− 𝑐𝑡
𝑘𝑡

− 𝛿 − 𝑛,

and for equation 3.34

(3.39)
�̇�

𝜅𝑡

= Ω̄(𝜅𝑡)

[︃
𝑚1 −𝑚2 + (𝛼2 − 𝛼1)

�̇�

𝑘𝑡

]︃
,

20See appendix B for calculate details.
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where
Ω̄(𝜅𝑡) =

1 − 𝜅𝑡

1
𝜖−1

+ (𝛼1 − 𝛼2)(𝜆𝑡 − 𝜅𝑡)
.

Finally, the standard transversality condition is identical equation 3.19.
Note that the dynamics of the key variables follow the same pattern as the model of section

2 if production of the intermediate good does not depend on the public good. Thus, the
misallocation of resources indirectly affects the dynamics of these variables because it affects
the relative prices between sectors. However, the CGP is affected by the resource misallocation.
Assume that at the initial time, there is resource misallocation and all final goods produced are
consumed at each time. Thus the law of the motion of misallocation degree is

𝑑 log𝑀𝑊𝑡

𝑑𝑡
=

�̇�

𝑌𝑡

−
˙𝑌 𝐸

𝑌 𝐸
𝑡

.(3.40)

Thus, if there is a resource misallocation, then the output growth is smaller than the output
growth implied by the optimal allocation of resources. Therefore, the technology level and the
misallocation of resources affect the input allocation and consequently the structural change
in the path of equilibrium. Furthermore, the effect of misallocation asymptotically approaches
zero, and consequently, the output growth approaches the optimal output growth.

We can determine CGP as the same pattern in section 2. Theorem 3.2 summarize this
remarking. Then, the resource misallocation implies that the structural change can be biased
and more slower. The consumption per worker and the aggregate capital-labor ratio are smaller
than the case without the misallocation. The higher degree of the resource misallocation in the
dominant sector, the smaller is the consumption per worker. The higher degree of the resource
misallocation in the dominant sector, the smaller is the aggregate capital-labor ratio.

THEOREM 3.2. Under assumptions 3.1-3.3, there exists a unique non-trivial CGP such that

𝜅* = 𝜆* = 1

𝑘* =
1 − 𝛼1

𝛼1(1 + 𝜏𝐾1)

𝑐* =

(︂
𝑛𝜃 + 𝛿 + 𝜌

𝛼1

)︂
+ (𝛿 + 𝑛)

(︂
1 − 𝛼1

𝛼1(1 + 𝜏𝐾1)

)︂
lim
𝑡→∞

𝑑 log𝑀𝑊𝑡

𝑑𝑡
= 0

�̇�

𝑌𝑡

=
˙𝑌 𝐸

𝑌 𝐸
𝑡

=
�̇�

𝐾𝑡

=
�̇�1

𝑋1𝑡

=
�̇�1

𝐾1𝑡

= 𝑛 + 𝑚1 = 𝜈

�̇�2

𝑋2𝑡

= 𝜈 + 𝑚2 − (𝜖− 1)(𝑚1 −𝑚2) ≶ 𝜈

�̇�2

𝐾2𝑡

= 𝜈 − (𝜖− 1)(𝑚1 −𝑚2) < 𝜈

𝐿1

𝐿1𝑡

=
�̇�

𝐿𝑡

= 𝑛 < 𝜈

𝐿2

𝐿2𝑡

= 𝑛− (𝜖− 1)(𝑚1 −𝑚2) < 𝑛 < 𝜈. �

See figure 3.4 for illustration. This figure show the evolution of output and resource
misallocation in the Brazilian manufacturing sector at the firm-level. We can see in this figure
that these variables appears be negative correlates. The greater the misallocation decrease
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rate, the greater is the growth rate of the manufacturing output. Curiously, changes in the
misallocaltion of resources is more severe when there is a fall in the output growth rate. This
simple illustration and the framework developed above suggests that inputs misallocated at the
firm-level can distort the productivity of firms, and this phenomenon affects the output growth
of the manufacturing sector. Thus, developing economies has a distinct pattern of structure
change to pattern presented in the industrialized economies because fundamentally the degree
of resource misallocation can be relatively elevate and persist.

4.3. Numerical exercise. In this subsection, we will investigate whether the framework
presented in the previous subsection are consistent with the empirical patterns. We seek
to explain that the dynamics of developing economies presents a different structural change
than in industrialized economies. Thus, we focus the Brazilian manufacturing sector. The
distinct structural change in these economies occurs because the relative prices are distorted.
We reaffirm that the manufacturing sector in developing countries has a distinct pattern of
structural change from the pattern presented in industrialized countries. These phenomenons
are fundamental perhaps because the degree of the misallocation of resources in developing
countries can be relatively high. In figure 3.5 we calibrate the model of section 2 and the
framework extended with the resource misallocation in this section. For this figure, we can see
that the fact described in the previous section continues to be valid.

Overall, our calibration exercises indicate that the mechanism proposed in this chapter
can generate changes in the sectoral composition of output that are broadly comparable with
the changes we observe in the manufacturing sector in developing countries. Furthermore,
the dynamic of inputs is more smooth to that the presented in previous calibration exercise.
The results also imply that there is changes in relative employment levels that are in the same
direction as those in the firm-level data for the Brazilian manufacturing sector.

5. Concluding remarks

We can see in figures 3.1 and 3.2 that there is a pattern of production in the developing
economics that differs from that observed in the industrialized countries. Moreover, this pattern
is not fully explained by models that focus the allocation of resources similar to that proposed
by Acemoglu and Guerrieri (2008). Thus, the fundamental aim of this chapter is to present a
theoretical framework that explains too the pattern observed in the developing countries. This
framework is composed fundamentally of three parts.

First, we present a model of economic growth with structural change. In this model, we
introduce a public good in the production function of the intermediate goods by firms, and this
good is financed by taxes on these firms. We seek to show that the government would change
the relative prices and the allocation of inputs because the public good will be insufficiently
provided or the tax will be excessive. Therefore, the bias of the public policies can affect the
production differentially between sectors and it can alter the distribution of resources. Second,
we introduce a majority decision to choose the tax system and the public good provisioned.
This environment can accelerate the structural change of production, or it implies persistence
of structures harmful to economic development. This exercise is conducted fundamentally to
improve understanding of the channels that influence the determinants of structural change
because part of the bias effect of production is not observed. Third, we also demonstrate that
structural change differs between economies fundamentally because there is a misallocation of
inputs. Despite the misallocation of resources implicitly contained in the model of section 2,
we capture any unobservable effect that affects the relative prices, and it not computed in the
basic framework. Thus, we check further effects of the productive incentives and in enhancing
structural change.
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The numerical exercise validates the framework presented in this chapter, primarily, the
part with the resource misallocation effect. In the case of the Brazilian manufacturing sector,
the restriction of credit market, the rigidity of the labor market, the low qualifications of the
workforce and the poor infrastructure could result in a high degree of resource misallocation21.
Similarly as in Brazil, in other economies with these problems, the elevated degree of
resource misallocation can imply distinct structural change from that observed in industrialized
economies. This fact undermines the process of economic development, and finally, it would
contribute to the maintenance of the gap in the GDP per capita between economies.

The main contribution of this chapter is demonstrate that the interaction between inputs
and factor proportions across sectors will lead to nonbalanced growth, while also still being
consistent with the observed date in the developing countries. For this, the framework with less
restriction on the degree of elasticity of substitution and the technological gap has a greater
power of explain of the pattern of structural change between countries. Therefore, if we
compare the model presented here to others studies that also employ the multisectoral model
of economic growth, such as obtained by Acemoglu and Guerrieri (2008), the model better
explains the pattern of structural change observed mainly in developing countries because two
motives. Furthermore, the introduction of the misallocation of resources adds information on
the variable not observable, but that clearly affects the relative prices of inputs and consequently
its allocation. Finally, the distinct pattern of structural change between countries would be a
channel for explain the output per worker gap between countries.

FIGURE 3.1. Facts of industry I

(a) Industrialized economies (b) Brazilian firm-level
Note: X1/X2 is the real output ratio of high to low labor intensity sectors, and PX1/PX2 is the nominal output ratio of high to low labor

intensity sectors, Growth value added is the real growth of total manufacturing sector. We use the National Survey of Industries constructed by
the Brazilian Institute of Geography and Statistics for the firm-level data and the Industrial Statistics Database of the United Nations Industrial
Development Organization for the aggregate database.

21See chapter 2 for more details.
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FIGURE 3.2. Facts of industry II

(a) Industrialized economies (b) Brazilian firm-level
Note: The parameter kappa represents the capital stock of the labor-intensive sector to the aggregate capital stock. The parameter lambda

represent the labor allocated in the labor-intensive sector to the aggregate labor factor. We use the National Survey of Industries constructed by
the Brazilian Institute of Geography and Statistics for the firm-level data and the Industrial Statistics Database of the United Nations Industrial
Development Organization for the aggregate database.

TABLE 3.1. Brazil’s manufacturing sectors

Manufacturing sector Level Labor Tax
share share

Coke, refined petroleum products and nuclear fuel 2 0.095 0.042
Tobacco products 2 0.146 0.061
Basic metals 2 0.185 0.073
Food products and beverages 2 0.202 0.076
Paper and paper products 2 0.202 0.076
Chemicals and chemical products 2 0.212 0.083
Radio, television and communication equipment and apparatus 2 0.218 0.092
Other non-metallic mineral products 2 0.232 0.086
Publishing, printing and reproduction of recorded media 2 0.251 0.089
Other transport equipment 2 0.257 0.096
Office, accounting and computing machinery 1 0.267 0.104
Motor vehicles, trailers and semi-trailers 1 0.280 0.103
Wood and of products of wood and cork, except furniture 1 0.283 0.095
Rubber and plastics products 1 0.300 0.110
Textiles 1 0.314 0.117
Medical, precision and optical instruments, watches and clocks 1 0.316 0.113
Machinery and equipment n.e.c. 1 0.319 0.117
Fabricated metal products, except machinery and equipment 1 0.319 0.114
Recycling 1 0.325 0.113
Electrical machinery and apparatus n.e.c. 1 0.325 0.118
Furniture; manufacturing n.e.c. 1 0.326 0.114
Tanning and dressing of leather 1 0.352 0.116
Wearing apparel; dressing and dyeing of fur 1 0.392 0.115

Note: We employ the firm-level data from the National Survey of Industries constructed by the Brazilian Institute of Geography and
Statistics between 1996 and 2011 to calculate the information above.
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TABLE 3.2. Parameters

𝜃 4.0
𝛿 0.05
𝜌 0.02
𝛼1 0.321
𝛼2 0.200
𝛽1 0.114
𝛽2 0.198
𝜏 0.097
𝛾 0.466
𝜖 0.423
𝜈 0.060
𝑛 0.013
𝑚1 0.046
𝑚2 0.056
𝜅0 0.37
𝜆0 0.55
𝐾0 (R$ billion) 1790
𝐿0 (million workers) 4.0
𝐺0 (R$ billion) 78.0
𝑋10 (R$ billion) 56.44
𝑋10/𝑋20 0.8
MW 0.4

Note: We employ firm-level data from the National Survey of Industries constructed by the Brazilian Institute of Geography and Statistics
between 1996 and 2011 to calculate some parameters calculate.

FIGURE 3.3. Numerical exercise

(a) 𝜅𝑡 (b) 𝜆𝑡

(c) 𝑘𝑡 (d) 𝜑𝑡

— Model −−− Model without government.
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FIGURE 3.4. Facts of industry III

Note: Gray lines indicate global economic crisis. Table constructed from the National Survey of Industries constructed by the Brazilian
Institute of Geography and Statistics between 1996 and 2011.

FIGURE 3.5. Numerical exercise II

(a) 𝜅𝑡 (b) 𝜆𝑡

(c) 𝑘𝑡 (d) 𝜑𝑡

— Model with resource misallocation −−− Model
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CHAPTER 4

Competitive pressure: a channel to reduce the output per worker gap
between countries.

Abstract

Using a cross-industry cross-country approach, this chapter investigates the existence of
an optimal level of competition to enhance economic growth. With that in mind, we try to
show that this optimal level is different from industrialized and under development economies
due to the technology frontier distance, the terms of trade, and each economy’s idiosyncratic
characteristics. Therefore, the difference in competition industry-country level is a channel
to explain the output for worker gap between countries. The theoretical and empirical results
imply the existence of an inverted-U relationship between competition and output growth rate:
starting for an initially low level of competition, higher competition stimulates innovation
and output growth; starting from a high initial level of competition, higher competition has
a negative effect on innovation and output growth. Given on average industries in industrialized
economies present higher competition level. With that if we control for the terms of trade and
the industry-country fixed effect, if the industries of the developing economy operated under the
same international competition levels as of the industrialized ones, there is a potential increase
of output of 0.2-1.0% per year. This effect on the output growth rate depends on the competition
measurement used. Keywords: Competition, Economic growth, Industry studies.

1. Introduction

Grossman and Helpman (1993) indicates that there exist strategic alternatives to enhance
growth involving different market structures and competition levels. For these authors1,
developing economies fundamentally should focus their efforts accumulating physical and
human capital, imitating and/or adapting technologies developed by industrialized economies.
These proposals would be attainable even in a situation of restricted economic competition.
Furthermore, the technological progress would be encouraged by a more competitive market
structure. With this in view, this chapter will focus on the relationship between competition
and economic growth in the similar fashion as Aghion et al. (2005) relates competition and
innovation: starting for an initially low level of competition, higher competition stimulates
innovation and output growth; starting from a high initial level of competition, higher
competition has a negative effect on innovation and output growth.

The aim of this chapter is to clarify how the degree of competition and the output growth
rate of the product are correlated. This correlation would be distinct and dependent on the
technology frontier distance and the idiosyncrasies of each industry-country. For this, we
present a theoretical framework that seek to explain this relationship. Primarily, according the
model developed here, firms in developing countries have on average lower technological level,
so they have lower profit, on average, than firms in industrialized countries. This would produce
lower profits and incentives to raise the technological level and thus attenuate the long-run
growth of product. Since economies interact in trade and firms in industrialized countries tend
to be more competitive, these firms generate even bigger profits - additional profits from the
1As well as other authors such as Helpman (1993), Hall and Jones (1999), Acemoglu et al. (2006), and Acemoglu
et al. (2013).
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export market - coming from the developing countries. This further increases the output growth
of firms in industrialized countries and also increases the gap in output per worker between
economies.

In the model developed here, there are three components on the aggregate output growth
rate which depend on the competitive structure of each economy. The first, the price effect
arising from the technological gap; the higher the technological domestic gap, the higher the
output growth rate. In this case, the leading firm would have higher profitability and thus greater
incentives to invest in Research & Development (R&D) to further increase its profits. Therefore,
the increase in the domestic level of competition inhibit the aggregate growth because it would
reduce the technological gap, the profits and the firms’ innovative incentives. That means that
the search for rent dissipation effect would increase the domestic production of final goods.
Second, the output growth rate is increasing in the sum of the firms’ technology growth rate
weighted by quantity produced by each of them in the total domestic production of the final
good. The interaction between the economies results in the existence of a spillover effect in
terms of economic growth due to the effect of export growth.

Furthermore, the above effects are weighted by each good demanded fraction in the
domestic production of final good, there would be no interaction between economies and the
aggregate output would be similar to that developed by standard literature. Finally, the terms
of trade raise the aggregate output growth rate of one economy and decrease the rate of other
economy. The higher the terms of trade the greater the value received from the exported good
by the intermediate producer, which means that he makes higher profits in the event of any
technological advantage that provides him with non-negative profits.

The industrial organization literature just as the schumpeterian models argues that a a higher
level of competition would reduce the innovative firm’s profit - rent dissipation effect - in such
a way that the competition would have negative impact over the aggregate innovation rate and
consequently over the aggregate economic growth. It follows from the theoretical models of
price competition and horizontal product differentiation2 that the increase in competition inhibit
the entry of new firms3 through the reduction of post-entry profit to the innovative firm.

The same result is found in models of product differentiation in monopolistic competition
environments as well as in growth models with variety of products (Acemoglu, 2009). These
endogenous growth models indicate that ex post reduction of the monopoly profit discourages
ex ante investments in R&D. Therefore this reduce the rate of innovation as well as the long
run growth of the economies which in these models is proportional to the aggregate rate
of innovation. Going back to the theoretical models of industrial organization, the models
of anticipation and innovation tend to disagree with the previous ones suggesting a positive
relationship between competition and innovation. According to this literature, if the incumbent
and the entrant firms begin an innovation race4, it is possible that competition has positive effects
on output growth (Akcigit, 2009). It would depend mostly on the net effect of rent dissipation
effect and replacement effect.

From the replacement effect the entrant firm would have greater incentive to innovate as it
would make possible the transition from zero to a positive profit. Meanwhile, by innovating
the incumbent firm replaces its own profit for the monopoly one. On the other hand, the rent
dissipation effect implies that the incumbent firm would have bigger losses allowing the entry to
happen than the entrant firm would if it was to give up on entry: the incumbent would transition
from a monopoly profit to a duopoly situation whilst the entrant would abstain from getting the

2The Hotelling linear model and the circular version of Salop’s model.
3We take this as having attenuating effects over the technological progress.
4Acemoglu and Cao (2010) states that the rate of innovation is higher on entry firms since they must have at
least the same technological level of the incumbent. Thus, the search for the technological level of the incumbent
generates, on average, a higher rate of innovation among entry firms.

49



duopoly price and would maintain zero profit. Thus, the incentive of the incumbent to innovate
is proportional to the difference between the monopoly and duopoly profits, whilst the entrant
firm’s incentive is proportional to the duopoly profit. That means that in an environment of
high competition levels, the duopoly profit can be reduced such that the difference between
the monopoly and the duopoly profit is greater than the duopoly profit itself (Acemoglu and
Akcigit, 2012). For that reason, the incumbent invests more, ensuring that the market situation
will not change and implying a positive relationship between competition and innovation.

In summary, competition would encourage output growth because it would reduce the
pre-innovation profit in a higher magnitude than that of the reduction of its post-innovation
profit. That is, the competition increases the incremental profit from the innovation which
takes place in order to escape post-entry market competition, the so called escaping competition
effect. The dominant effect - either the escaping competition or the rent dissipation - will depend
on the technological characteristics of each industry in the economy, which in turn depends
on the technology gap between the firms operating in each sector. Moreover, according to
Aghion et al. (2005), there would be a dominant escaping competition effect for low levels of
competition and a dominant schumpeterian effect for high levels of competition.

Following the model constructed by Aghion et al. (2005), within the same industry there
are firms with different technological levels, because even the technological laggards have
non-negative profit. Thus, to some extent for each industry we have two states: (i) the sector
is leveled - neck-and-neck - that is, firms have similar cost structures and technologies and
therefore have the same profit; and (ii) the sector is unleveled - Stackelberg competition - where
the leading firm has a higher technological level obtaining greater profit than the follower firms.
The balanced aggregate innovation rate and, as a result, the growth rate of the aggregate output,
will depend on the fraction of time that each sector remains level or unleveled. This is the so
called composition effect. Thus, according to Aghion et al. (2005), if the the fraction of firms in
the leveled or unleveled industry in economy is an exogenous parameter, the higher the fraction
of neck-and-neck industries in the economy, the greater the positive effect competition will have
on the aggregate rate of innovation.

Crucially the quest for innovation is the firm’s search for higher profits. So in this chapter
we will show that the search for greater profits affect the degree of competition. Moreover, the
industrialized and the developing countries’ industries grow differently and, to some extent,
their growth depend on the different levels of competition among them. This relationship
would be different because the industries-countries have different levels of technology as well
as because of the fact that the economies have different terms of trade. Thus, it is reasonable
to think that the industry structure of each economy has an impact on the rate of innovation, on
competition and on the difference between the economies’ growth rates.

There are other two important points about the model developed here. The first refers to
the degree of substitutability between goods in the production of final goods for countries. If
the production of the final good has greater substitutability in inputs for economy 𝐴 than 𝐵
then there is an equalization in the prices of inputs such that for the same level of domestic
intermediate production intended to the domestic market, the value of the variation of imports
rises. Which in the proposed substitutability case causes the growth of the aggregate product.
The same would occur if the production in economy 𝐴 was more complementary than the
production in economy 𝐵. The second point relates to the terms of trade. Although it raises
the relative price of the exported good of firms in economy 𝐴 and, consequently, their profits
vis-a-vis of firms in economy 𝐵, the prices of domestic goods equalize with imported goods and
this implies a reduction of growth in economy 𝐴 and an increase in economy 𝐵. In the described
situation, although it coexist with the increase of economy 𝐴’s firm’s profit the growth would
decay because for the same level of competition and technology there would be a reduction of
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the value of changes in imports. Moreover, the effect of terms of trade would be enhanced by
the degree of substitution described above.

An important issue in this chapter is how to measure competition. Using similar logic as to
Boone (2000), assume that two firms in each economy are in neck-and-neck. So if they decide to
collude each firm would get a fraction of the profit as if there were a leading firm in the domestic
market. Using the same reasoning to the international market. If each market’s domestic leader
were in a neck-and-neck situation and they decided collude, they would each get a fraction of
international profit. With this in mind, we will measure competition in each industry-country as
the sum of the levels of competition domestically and internationally weighted by the share of
profit made in each of these markets. So in this setting, it is possible to have low competition in
the domestic market and high competition in the international one. For this reason, the search
for higher export earnings could lead to a race for innovation and as a result an increase in
the aggregate activity. The higher (lower) the profit in the internal market in relation to total
profit the higher (lower) is the weight of internal competition on aggregate measure. A similar
argument is valid for the profit derived from the international market.

Our results imply that there is an inverted-U relationship between competition and the
growth rate of output across industries and countries. The same is also distinctive among
industrialized and developing economies. We empirically show that the effect of varying the
competition level on the output growth for the industries in the developing economies. In
other words, we compute what would be the gain in terms of output growth if each industry
in the developing economies had on average the same level of competition as that of the
respective industry in the industrialized economies. Given that on average the industries in the
industrialized economies have higher levels of competition, with appropriate controls variables
if the respective industries in developing economies had the same level of competition as of the
first the growth rate of their product would rise 0.2-1.0% per year.

Therefore, this chapter contributes to the literature by presenting an additional channel to
explain the difference between the Gross Domestic Product (GDP) per capita of developed
and industrialized economies. We state that the difference in the output per capita in these
economies can also be related to the difference in the level of competition in each economy
and the mechanisms that determines it. Not only it affects the profitability of each firm but it
also affects the incentives to rise the technological level, which in turns affect the rate of output
growth between economies. Finally, while keeping the focus on manufacturing sectors, we
predict that the same would happen with other sectors.

The rest of the chapter is divided as: Section 2 presents a theoretical model that relates
competition and output growth. In Section 3, we present the dataset used, the method of
measurement for the key variables, and the empirical results. The last section concludes this
chapter.

2. Model

The model to be presented relates competition and output growth for the industry-country.
In general, it follows the theoretical characterization used by Aghion et al. (2005) but also
making use of the Acemoglu and Akcigit (2012) approach. There are two important differences
in the model we present he as opposite to the one normally presented in the literature5. First,
we do not impose that the intermediary goods used for the domestic production of final goods
are necessarily substitutes. Second, there exists a relationship between economies in terms of
trade that increase the effects of competition on growth. The integration of these components,
along with the interaction between economies should enhance the competitive incentives of
firms. We show that there is an inverted-U relationship between competition and growth.

5See Ahn (2002), Aghion and Griffith (2008), and Aghion et al. (2013a) for a survey of this literature.
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But, this relationship is differently across firms and industries of industrialized and developing
economies and that explains part of the difference in GDP per capita between economies.

2.1. Environment. Consider two economies indexed by 𝑖 = {𝐴,𝐵} with finite horizon
and continuous timing. Each one of them has a continuum of individuals with standard
preferences regarding the consumption of a final good produced domestically, which the utility
function is

(4.1) 𝑈
(︀
𝐶𝑖(𝑡), 𝑡

)︀
=

∫︁ ∞

𝑡

log𝐶𝑖(𝑠) exp (−𝜌(𝑠− 𝑡)) 𝑑𝑠,

where 𝜌 ∈ (0,∞). Assume that the only relationship between the two economies occur via the
trade of intermediate goods and that has no explicit cost of transaction. Each economy produces
a final good 𝑌 𝑖

𝑡 , which is consumed only by domestic individuals. For this production, we use
intermediate goods of domestic origin �̃� 𝑖

𝑡 and/or intermediate goods of foreign origin �̄� 𝑖
𝑡 , whose

production functions are given by

𝑌 𝐴
𝑡 =

[︂
𝛼𝐴
(︁
�̃�𝐴

𝑡

)︁1− 1
𝜖

+
(︀
1 − 𝛼𝐴

)︀ (︀
�̄�𝐵

𝑡

)︀1− 1
𝜖

]︂ 𝜖
𝜖−1

,(4.2a)

𝑌 𝐵
𝑡 =

[︂
𝛼𝐵
(︁
�̃�𝐵

𝑡

)︁1− 1
𝜀

+
(︀
1 − 𝛼𝐵

)︀ (︀
�̄�𝐴

𝑡

)︀1− 1
𝜀

]︂ 𝜀
𝜀−1

,(4.2b)

where 𝜖 ∈ (0,∞), 𝜀 ∈ (0,∞), and 𝛼𝑖 ∈ [0, 1]. The intermediate good of domestic and foreign
origins are not necessarily complementaries in the production of final goods, in which case
𝜖 ∈ (0, 1] and 𝜀 ∈ (0, 1] for economy A and B respectively.

The aggregate production of intermediate goods in each economy is then given by
𝑋 𝑖

𝑡 = �̄� 𝑖
𝑡 + �̃� 𝑖

𝑡 . In other words, the domestic production of intermediate goods divides itself
between the share used for the production of domestic final good and the exported share.
We will see that the differences in performance of the output per worker across countries are
correlated with different levels of domestic and international competition. Not only that but the
competition would be correlated with differences in the technological level, the terms of trade
and the degree of substitutability in the production of final good in each economy.

In each economy two domestic firms compete with each other as well as with two other
foreign firms, given the possibility of trade of intermediate goods between countries. Each firm
𝑗 = {1, 2} produces intermediate good using technology 𝑞𝑖𝑗𝑡 and labor 𝑙𝑖𝑗𝑡 inputs at time 𝑡, whose
output function is represented by

(4.3) 𝑥𝑖
𝑗𝑡 = 𝑞𝑖𝑗𝑡𝑙

𝑖
𝑗𝑡.

International factor movements are not possible. Assume each firm’s production of intermediate
good is perfectly substitute, then 𝑋 𝑖

𝑡 = 𝑥𝑖
1𝑡 + 𝑥𝑖

2𝑡. The marginal (operating) cost of production
of the intermediate good is given by

(4.4) 𝑀𝐶𝑖
𝑗𝑡 =

𝑤𝑖
𝑗𝑡

𝑞𝑖𝑗𝑡
,

where 𝑤𝑖
𝑗𝑡 is the wage in time period 𝑡. The technology of each firm is given by

(4.5) 𝑞𝑖𝑗𝑡 = 𝜆𝑛𝑖
𝑗𝑡 ,

where 𝜆 ∈ (1,∞) is an efficiency term identical between economies and 𝑛𝑖
𝑗𝑡 denotes the

technological level of firm.
Define 𝑃 𝑖

𝑡 as the price of domestically produced intermediate good used in the production
of domestic final good, and 𝑃 𝑖

𝑡 as the price of the same good when traded internationally. In
addition, with no explicitly trade costs, the price of the domestic good must be equivalent to the
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price of the imported one in terms of domestic currency. This is 𝑃𝐴
𝑡 = 𝜌𝑡𝑃

𝐵
𝑡 and 𝑃𝐵

𝑡 = 𝑃𝐴
𝑡 /𝜌𝑡,

where 𝜌𝑡 summarizes the terms of trade (or real exchange rate) between the two economies.
The higher 𝜌𝑡 the higher the price of the exported good from economy 𝐴 and the lowest it is
from economy 𝐵. It that means that the profit from economy A’s firms increase with the terms
of trade whilst the profit of firms in economy 𝐵 decays. This interaction between the markets
also generates a degree of competition in terms of price between the two economies.

2.2. Static equilibrium. Given the initial setting and equations 4.2a and 4.2b, maximizing
the final good with respect to the intermediate inputs, we get that the domestic demand for
intermediate goods in each economy is given respectively by

𝑋𝐴
𝑡 =

(︃
𝑃𝐴
𝑡

𝛼𝐴

)︃−𝜖

𝑌 𝐴
𝑡 +

(︃
𝜌𝑡𝑃

𝐵
𝑡

1 − 𝛼𝐵

)︃−𝜀

𝑌 𝐵
𝑡 ,(4.6a)

𝑋𝐵
𝑡 =

(︃
𝑃𝐵
𝑡

𝛼𝐵

)︃−𝜀

𝑌 𝐵
𝑡 +

(︃
𝑃𝐴
𝑡

𝜌𝑡 (1 − 𝛼𝐴)

)︃−𝜖

𝑌 𝐴
𝑡 .(4.6b)

Therefore the price of the domestic intermediate good in each economy affect their demand for
intermediate goods. The challenge now is to determine the domestic prices for the intermediate
goods and how they are related to the technological level of each economy.

Suppose that the wage is identical between firms and countries, 𝑤𝑖
𝑗𝑡 = 𝑤𝑡. This means that

the difference between prices would be exclusively due to the current technological level and
the terms of trade. In addition, we use assumption 4.1.

ASSUMPTION 4.1. Whenever domestic firms are domestically unleveled, firm 1 has the
highest technological level, that is 𝑞𝑖1𝑡 ≥ 𝑞𝑖2𝑡. And so, it assumes the domestic leading position
in term of technology. �

Assumption 4.1 and the price competition imply that in each economy the price of the
domestic intermediate good is given by

(4.7) 𝑃 𝑖
𝑡 =

𝑤𝑡

𝑞𝑖2𝑡
.

From the equations 4.6a, 4.6b, and 4.7, we have that this level of prices implies that domestic
demand for goods, with domestic or foreign origin, depends mainly on the technological level
of the domestic firm that has the lower technological level6. Thus, each firm’s 𝑗 from economy
𝑖 profit function is given by

𝜋𝑖
𝑗𝑡 = 𝑃 𝑖

𝑡 �̃�
𝑖
𝑗𝑡 + 𝑃 𝑖

𝑡 �̄�
𝑖
𝑗𝑡 −𝑀𝐶𝑖

𝑗𝑡𝑥
𝑖
𝑗𝑡.

We also have that each intermediate good firm can have its production divided between the
internal and external market, that is 𝑥𝑗𝑡 = �̄�𝑗𝑡 + �̃�𝑗𝑡. This fact imply in proposition 4.1. From
this proposition, if 𝛼𝐴 = 𝛼𝐵 = 1 and 𝜖 = 𝜀 = 1 we fall back in the standard case presented by
Aghion et al. (2005) and so 𝜋𝑖

𝑗𝑡 = 𝑌 𝑖
𝑡 [1 − 𝜆𝑛𝑖

2𝑡−𝑛𝑖
𝑗𝑡 ].

PROPOSITION 4.1 (Profit equilibrium). Each intermediate good firm’s profit is given by

(4.8) 𝜋𝑖
𝑗𝑡 = �̃�𝑖

𝑗𝑡 + �̄�𝑖
𝑗𝑡,

6Note that the model presented here satisfies Trefler’s conditional version of the factor price equalization theorem
which states that if two economies have the same factor productivities, then they also have the same factor prices
(Acemoglu, 2009).
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where �̃�𝑖
𝑗𝑡 represents the profit made in the internal market and �̄�𝑖

𝑗𝑡 is the profit made in the
external one. From this, we have that the different types of profit for each firm in each economy
are given, respectively, by

�̃�𝐴
𝑗𝑡 = 𝑤1−𝜖

𝑡

(︀
𝛼𝐴
)︀𝜖
𝑌 𝐴
𝑡

[︁
𝜆(𝜖−1)𝑛𝐴

2𝑡 − 𝜆𝜖𝑛𝐴
2𝑡−𝑛𝐴

𝑗𝑡

]︁
,

�̄�𝐴
𝑗𝑡 = 𝑤1−𝜀

𝑡

(︀
1 − 𝛼𝐵

)︀𝜀
𝑌 𝐵
𝑡

[︁
𝜌1−𝜀
𝑡 𝜆(𝜀−1)𝑛𝐵

2𝑡 − 𝜌−𝜀
𝑡 𝜆𝜀𝑛𝐵

2𝑡−𝑛𝐴
𝑗𝑡

]︁
,

�̃�𝐵
𝑗𝑡 = 𝑤1−𝜀

𝑡

(︀
𝛼𝐵
)︀𝜀
𝑌 𝐵
𝑡

[︁
𝜆(𝜀−1)𝑛𝐵

2𝑡 − 𝜆𝜀𝑛𝐵
2𝑡−𝑛𝐵

𝑗𝑡

]︁
,

�̄�𝐵
𝑗𝑡 = 𝑤1−𝜖

𝑡

(︀
1 − 𝛼𝐴

)︀𝜖
𝑌 𝐴
𝑡

[︁
𝜌𝜖−1
𝑡 𝜆(𝜖−1)𝑛𝐴

2𝑡 − 𝜌𝜖𝑡𝜆
𝜖𝑛𝐴

2𝑡−𝑛𝐵
𝑗𝑡

]︁
.�

There are three important point emphasizing as direct results from proposition 4.1 which
have distinct implications to the pattern presented by Aghion et al. (2005), Aghion et al. (2009),
among others. First, the firm 𝑗’s profit will not depend only on the technological gap between
domestic firms. But also on the gap between firms from the foreign economy. The domestic
firm low-tech would have zero profit in domestic demand for intermediate good. But it could
have positive profit by exporting if it had a technological level sufficiently larger than that of
the low-tech firm of the foreign economy. This is due to the trade relationship between the two
economies.

Secondly, this effect of the technological gap also depend on the complementarity of the
intermediate goods in each economy, 𝜖 and 𝜀. For example, if 𝜖 = 𝜀 = 1, the profit of the
intermediate goods firm of the economy 𝐴 is

𝜋𝐴
𝑗𝑡 = 𝛼𝐴𝑌 𝐴

𝑡

[︁
1 − 𝜆𝑛𝐴

2𝑡−𝑛𝐴
𝑗𝑡

]︁
+ (1 − 𝛼𝐵)𝑌 𝐵

𝑡

[︂
1 − 1

𝜌𝑡
𝜆𝑛𝐵

2𝑡−𝑛𝐴
𝑗𝑡

]︂
.

However, the higher the substitutability of the intermediate goods in the production of final
goods, the higher the competition. To the extent that the magnitude of the profit is enhanced
by this substitutability, and any technological difference could generate a significant profit gain
on selling to the internal and external markets. Therefore, the greater would be the incentive to
increase the intermediate good’s production and raise the technological level of firms.

Lastly, the third point is that there would be a ratio in the terms of trade that would intensify
(or attenuate) the effect of the technology gap between firms and between economies. It
would imply that depending on the terms of trade and its impact on the relative prices of each
intermediate good in the foreign and domestic market we would have a situation in which the
domestic economy’s firm has incentive to export. Of coarse, since it could have positive profit
in the external market and despite having zero profit in the domestic market.

PROPOSITION 4.2 (Existence of international trade). There will exist trade of intermediate
good between two economies if at least one firm obtains non-negative profit by selling to the
external market, thus

(4.9) 𝑛𝐴
𝑗𝑡 − 𝑛𝐵

2𝑡 ≥ log𝜆 𝜌𝑡 ≥ 𝑛𝐵
𝑗𝑡 − 𝑛𝐴

2𝑡,

would be satisfied to at least one firm in each time period. �

From proposition 4.1, the condition that allows each firm to exports and obtain non-negative
profit from exporting is given by 𝑛𝐴

𝑗𝑡−𝑛𝐵
2𝑡 ≥ log𝜆 𝜌𝑡 and 𝑛𝐵

𝑗𝑡−𝑛𝐴
2𝑡 ≤ log𝜆 𝜌𝑡, for firms in economy

and 𝐴 and 𝐵 respectively7. The higher 𝜌𝑡 the higher the price of exported intermediate good
from firms in economy 𝐴. Also the greater the profit of these firms and as a consequence, the
greater their incentive to sell to the external market vis-a-vis to the firms in economy 𝐵. But if

7Curiously, note that if 𝑛𝐵
𝑗𝑡 > 𝑛𝐴

2𝑡 or 𝑛𝐴
𝑗𝑡 < 𝑛𝐵

2𝑡 then it would be necessary that 𝜌𝑡 > 1, otherwise for any condition
𝜌𝑡 ∈ (0, 1].
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𝜌𝑡 is sufficiently small only the leading company in the domestic market could have a significant
gain in exporting. Further note that this would not depend on the degree of substitution between
the intermediate good from the domestic or foreign economy.

Even the is the domestic market is under perfect competition, so there is no technological
gap between the domestic firms, they could have positive profits by exporting. Moreover, the
high degree of domestic competition increases the dynamic incentives to invest in innovation.
Because each firm has an incentive to invest in new technologies to perpetuate the leadership or
establish one, in relation to at least one firm in the foreign market.

When the domestic market is not perfectly competitive, each firm high-tech always
have positive profit by selling to its own domestic market and possibly to the external
market. However, the firms obtain distinct profits depending on the existence and size of the
technological gap in relation to the domestic and external low-tech firm. This higher profit
encourages further investment in R&D to maintain the leadership in both domestic and foreign
markets. Thus the replacement effect is intensified. Given the interaction between markets, the
rent dissipation effect would also be higher than in the situation where the economies are closed
because the degree of competition also is higher.

Additionally, let 𝜇𝑖
1 denote the steady-state probability of being an unleveled and 𝜇𝑖

0 that it
is leveled. This, together with the fact that 𝜇𝑖

0 + 𝜇𝑖
1 = 1. We then define the optimal allocation

or static equilibrium as a sequence of optimal decisions of each firm 𝑗 in each economy 𝑖
{𝑥*𝑖

𝑖𝑡}∞𝑡=0 and a sequence of optimal wages {𝑤*
𝑡 }∞𝑡=0 for a given sequence of optimal prices

{𝑃 *𝑖
𝑡 , 𝑃 *𝑖

𝑡 }∞𝑡=0 and an initial distribution {𝜇𝑖
0} of firms in each economy 𝑖 and each time period

𝑡. Furthermore, the low-tech firms could have some gain in investing in new technologies to
increase the technological gap in relation to the firms with even lower technological level or to
become a high-tech and thereby achieve greater profitability both domestically and in externally.
Moreover, even for the high-tech firms there is an incentive to create new technologies to further
increase the gap against other firms, both domestically and internationally.

Note that the optimum allocation provides a partial response to our fundamental question.
Firms in developing countries have on average lower technological level, so they have lower
profit, on average, than firms in industrialized countries. This would produce lower profits
and incentives to raise the technological level and thus attenuate the long-run growth of
product. Since economies interact in trade and firms in industrialized countries tend to be more
competitive, these firms generate even bigger profits - additional profits from the export market
- coming from the developing countries. This further increases the long-run output growth
of firms in industrialized countries and also increases the gap in output per worker between
economies.

2.3. Measure of competition. Before characterizing the equilibrium dynamic of the
model, we will define the measure of competition we used in the model and will also be used
in the empirical corroboration. Suppose the two domestic firms previously characterized were
in a neck-and-neck situation, if they enter in collusion each could get a fraction �̃�𝑡 of profit as
if there were a domestic leader. So we can set �̃�𝑖

𝑡 = �̃�𝑖
0𝑡/�̃�

𝑖
1𝑡, where �̃�𝑖

𝑡 ∈ [0, 1], as a measure of
domestic competition among firms, as developed by Boone (2000). Using the same reasoning
for the international market if domestic leaders are in a neck-and-neck situation internationally
and enter in collusion, they would get a fraction �̄�𝑡 of the international profit leader. So we can
set �̄�𝑖

𝑡 = �̄�𝑖
0𝑡/�̄�

𝑖
1𝑡, where �̄�𝑖

𝑡 ∈ [0, 1), as a measure of international competition among firms.
The less diverse are the profits with and without collusion the higher is the competition which
means that competition is increasing in these measures.

We take that it is be possible to have low competition in the domestic market and high
competition in the international one. The search for export gains could lead the a race for
innovation, and as a result, an increase aggregate activity. Define the aggregate competition as

55



𝜎𝑖
𝑡 = 𝜋𝑖

0𝑡/𝜋
𝑖
1𝑡 such that the above conditions we can construct it as

(4.10) 𝜎𝑖
𝑡 = �̃�𝑖

𝑡

�̃�𝑖
1𝑡

𝜋𝑖
1𝑡

+ �̄�𝑖
𝑡

�̄�𝑖
1𝑡

𝜋𝑖
1𝑡

.

In other words, the aggregate competition is the sum of the competition levels weighted by the
share of net profit obtained in each origin. Thus, the aggregate competition of each economy
would depend on the domestic competition as well as the external one weighted by the relative
profits obtained in each of the sources. The higher (lower) the profit obtained with the internal
market relatively to total income, the higher (lower) is the weight of internal competition on
aggregate measure. A similar argument is valid for the profit derived from the external market.

The have that measurement of competition presented here would be dynamically affected
by technological level. Therefore, the effects that variations in technology have over the output
growth of industry-country would be included in the competition measure presented here.
We show in the next subsection that the innovation rate affects the technological level and
consequently the profits over time. Additionally, in the next section we show empirically that
taking this measure of competition we find an inverted-U relationship between competition and
output growth and that this inverted-U is different among economies.

2.4. Dynamic path and equilibrium. Now we characterize the dynamic equilibrium.
Define 𝑧𝑖𝑗𝑡 is the innovation rate of the firm such that 𝑧𝑖𝑗𝑡 = 𝐹

(︀
ℎ𝑖
𝑗𝑡

)︀
, where ℎ𝑖

𝑗𝑡 is the number
of researchers devoted to R&D in each firm. To increase its technological degree each firm
incurs a cost of R&D given by 𝑤𝑡𝐺

(︀
𝑧𝑖𝑗𝑡
)︀
. This firm moving one technological step ahead with a

Poisson hazard of 𝑧𝑖𝑗𝑡. Additionally, suppose 𝐹 (·) is an increasing and strictly concave function
subject to the Inada conditions and 𝐺

(︀
𝑧𝑖𝑗𝑡
)︀
≡ 𝐹−1

(︀
𝑧𝑖𝑗𝑡
)︀

= (𝑧𝑖𝑗𝑡)
2/2.

Considering the one-step case8 if in a period of time ∆𝑡 a high-tech firm is successful in
innovating, then it ratifies its domestic leadership and its level of technology goes from 𝑞𝑖𝑗𝑡 =

𝜆𝑛𝑖
𝑗𝑡 to 𝑞𝑖𝑗𝑡+Δ𝑡 = 𝜆𝑞𝑖𝑗𝑡. On the other hand, if the low-tech firm is successful in innovating it

becomes a high-tech firm domestically and its technological level goes from 𝑞𝑖−𝑗𝑡 = 𝜆𝑛𝑖
−𝑗𝑡 to

𝑞𝑖𝑗𝑡+Δ𝑡 = 𝑞𝑖𝑗𝑡. Considering the interaction with the external economy, depending on the size
of the innovation produced, on the terms of trade and on the degree of substitutability in the
production of final goods, each domestic firm could increase its profit from the intermediate
goods exported through the innovation. This would occur even if the domestic firms are under
perfect competition.

Given that, the technological gap on period 𝑡 + ∆𝑡, exclusively relating to the domestic
market, is given by

𝑛𝑖
𝑗𝑡+Δ𝑡 − 𝑛𝑖

−𝑗𝑡+Δ𝑡 =

{︃ 𝑛𝑖
𝑗𝑡 + 1, with prob 𝑧𝑖𝑗𝑡∆𝑡,

0, with prob 𝑧𝑖−𝑗𝑡∆𝑡,
𝑛𝑖
𝑗𝑡 − 𝑛𝑖

−𝑗𝑡, with prob 1 − (𝑧𝑖𝑗𝑡 − 𝑧𝑖𝑗𝑡)∆𝑡.

This produces a similar pattern to the literature (Aghion et al., 2005; Acemoglu and Akcigit,
2012). In the first case the domestic leader reinforces its leadership, in the second there is a run
for new technologies, in the third the follower firm is the one that innovates and so it becomes
the leader. With the interaction between economies, we can also write the technological gap
problem of domestic firm 𝑖 in relation to the foreigner firm −𝑖. The gap of domestic leader in
relation to the foreigner leader is given by

𝑛𝑖
𝑗𝑡+Δ𝑡 − 𝑛−𝑖

𝑗𝑡+Δ𝑡 =

{︃ 𝑛𝑖
𝑗𝑡 + 1, with prob 𝑧𝑖𝑗𝑡∆𝑡,

0, with prob (𝑧𝑖𝑗𝑡 + 𝑧−𝑖
𝑗𝑡 )∆𝑡,

𝑛−𝑖
𝑗𝑡 − 𝑛𝑖

𝑗𝑡, with prob 𝑧−𝑖
𝑗𝑡 ∆𝑡.

8Case in which the technological gap between firms is one unit of technological level.
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The first case is similar to the domestic leader except that it considers the international
environment. In the second, there is not a single international leader that means that the leader
are in a neck-and-neck position in the international market. Nonetheless they can still be leaders
domestically. In the third case, the foreigner leader also becomes the international one.

For example, the probability associated with the existence of a single international leading
firm as they are all in a neck-and-neck position externally (and domestic in the case of one of
the countries) such that 𝑛𝑖

𝑗𝑡 > 𝑛𝑖
−𝑗𝑡 = 𝑛−𝑖

𝑗𝑡 = 𝑛−𝑖
−𝑗𝑡 is given by [2𝑧𝑖𝑗𝑡 + 𝑧−𝑖

−𝑗𝑡]∆𝑡. In this case
only the international leader has positive profit. The probability of this happening is increasing
on the amount spent on R&D so firms have incentive to maintain the replacement effect. This
situation described is enhanced or distorted by the degree of substitutability of intermediate
goods in each economy and the terms of trade. Throughout we will focus on Markov perfect
equilibrium, where R&D decisions are only functions of the payoff relevant state. With this
we can characterized the dynamic equilibrium. The Markov Perfect Equilibrium is given by
a optimal sequence {𝑧*𝑖𝑗𝑡 , 𝑃 *𝑖

𝑡 , 𝑥*𝑖
𝑗𝑡, 𝑤

*𝑖
𝑡 , 𝑌

*𝑖
𝑡 }∞𝑡=0 such that (i) a sequence of price {𝑃 *𝑖

𝑡 }∞𝑡=0 and
production {𝑥*𝑖

𝑗𝑡}∞𝑡=0 imply that {𝑧*𝑖𝑗𝑡 , 𝑃 *𝑖
𝑡 , 𝑥*𝑖

𝑗𝑡}∞𝑡=0 satisfies the equations 4.6 and 4.7; (ii) {𝑧*𝑖𝑗𝑡}∞𝑡=0

maximizes the expected profit of each firm given the aggregate output {𝑌 *𝑖
𝑗𝑡 }∞𝑡=0, wages {𝑤*𝑖

𝑡 }∞𝑡=0

and the choice of costs with R&D {𝑧*𝑖𝑗𝑡}∞𝑡=0; (iii) the aggregate output {𝑌 *𝑖
𝑗𝑡 }∞𝑡=0 is given by the

equation 4.2; and (iv) the labor market is in equilibrium in every time period given the sequence
of wages {𝑤*𝑖

𝑡 }∞𝑡=0.
We now define 𝑉 𝑖

𝑗𝑡 as the steady-state value of each firm of economy and 𝑟𝑡 as the
opportunity cost of production. Specially, 𝑉 𝑖

0𝑡 would refer to the situation in which there is no
technological gap between industries in economy, that is 𝑛𝑖

1𝑡 = 𝑛𝑖
2𝑡. Thus, each firm’s decision

to innovate for each economy can be summarized by the following Bellman functions

𝑟𝑡𝑉
𝑖
1𝑡 = 𝜋𝑖

1𝑡 − 𝑤𝑡𝐺(𝑧𝑖1𝑡) + 𝑧𝑖1𝑡(𝑉
𝑖
1𝑡+1 − 𝑉 𝑖

1𝑡) − 𝑧𝑖2𝑡(𝑉
𝑖
1𝑡 − 𝑉 𝑖

0𝑡)(4.11a)

−𝑧−𝑖
1𝑡 𝜉

𝑖
𝑡(𝑉

𝑖
1𝑡 − 𝑉 −𝑖

1𝑡 ) − 𝑧−𝑖
2𝑡 𝜉

𝑖
𝑡(𝑉

𝑖
1𝑡 − 𝑉 −𝑖

0𝑡 )

𝑟𝑡𝑉
𝑖
2𝑡 = 𝜋𝑖

2𝑡 − 𝑤𝑡𝐺(𝑧𝑖2𝑡) + 𝑧𝑖2𝑡(𝑉
𝑖
0𝑡+1 − 𝑉 𝑖

2𝑡) − 𝑧𝑖1𝑡(𝑉
𝑖
2𝑡 − 𝑉 𝑖

0𝑡)(4.11b)

−𝑧−𝑖
1𝑡 𝜉

𝑖
𝑡(𝑉

𝑖
2𝑡 − 𝑉 −𝑖

1𝑡 ) − 𝑧−𝑖
2𝑡 𝜉

𝑖
𝑡(𝑉

𝑖
2𝑡 − 𝑉 −𝑖

0𝑡 )

𝑟𝑡𝑉
𝑖
0𝑡 = 𝜋𝑖

0𝑡 − 𝑤𝑡𝐺(𝑧𝑖0𝑡) + 𝑧𝑖0𝑡(𝑉
𝑖
1𝑡 − 𝑉 𝑖

0𝑡) + 𝑧𝑖0𝑡(𝑉
𝑖
2𝑡 − 𝑉 𝑖

0𝑡)(4.11c)
−𝑧−𝑖

1𝑡 𝜉
𝑖
𝑡(𝑉

𝑖
0𝑡 − 𝑉 −𝑖

1𝑡 ) − 𝑧−𝑖
2𝑡 𝜉

𝑖
𝑡(𝑉

𝑖
0𝑡 − 𝑉 −𝑖

0𝑡 )

where 𝜉𝐴𝑡 = 𝜌𝑡 and 𝜉𝐵𝑡 = 1/𝜌𝑡. For the domestic leader - equation 4.11a - the first and second
term represent the operational profit minus the cost with R&D, the third and fourth are the
cost of maintaining its leading position in the domestic and international markets respectively,
the last term represents the cost of maintaining its leadership in the face of the follower in the
international market. Note that the ratio value functions is readjusted by the terms of trade.

For the domestic follower - equation 4.11b - the intuition is similar. The operational profit
minus the cost with R&D, summing the gains of becoming the domestic leader and the gains of
having some sort of leadership in the international market. Note, however, that for the domestic
follower the profit from the domestic market is zero. Still, the firm may exhibit some positive
profit by selling to the external market if there is a sufficiently high technological gap at least in
relation to the foreign economy’s follower. Otherwise, this profit is also zero.

Equation 4.11c presents the domestic neck-and-neck situation with similar intuition as of
the follower one. It emphasizes that the domestic firms may be in a neck-and-neck situation
domestically, but still in the leadership position facing the foreign companies. Therefore, for
them it would be worth increasing spendings with R&D to maintain the leadership (domestic
market) or conquer it in the foreign market. This would occur even if the neck-and-neck
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situation was held in the internal market, that is the replacement effect in the foreign market
could be bigger than the effect than the rent dissipation effect in the domestic market.

Assume for simplicity that 𝑤𝑡 = 𝛽 = 19. Using the fact that each firm chooses its R&D
spendings that maximize its current value from the system of equations 4.11 for each economy
the first order conditions imply that

𝑧𝑖1𝑡 = 𝑉 𝑖
1𝑡+1 − 𝑉 𝑖

1𝑡,(4.12a)

𝑧𝑖2𝑡 = 𝑉 𝑖
0𝑡 − 𝑉 𝑖

2𝑡,(4.12b)

𝑧𝑖0𝑡 = 𝑉 𝑖
1𝑡 − 𝑉 𝑖

0𝑡.(4.12c)

From the system of equations in 4.11 and 4.12 we have a system with 12 equations. Using our
measure of competition 𝜎 we can obtain, recursively,

𝑧𝐴0𝑡 = −𝑅𝐵
𝑡 +

√︁
(𝑅𝐵

𝑡 )2 + 2(1 − 𝜎𝐴
𝑡 )𝜋𝐴

1𝑡 + (𝑧𝐴1𝑡)
2,(4.13a)

𝑧𝐴2𝑡 = −
(︀
𝑧𝐴0𝑡 + 𝑧𝐴1𝑡 + 𝑅𝐵

𝑡

)︀
+
√︁

(𝑅𝐵
𝑡 )2 + 2 ((1 − 𝜎𝐴

𝑡 )𝜋𝐴
1𝑡 + 𝜋𝐴

0𝑡 − 𝜋𝐴
2𝑡) + (𝑧𝐴0𝑡)

2 + (𝑧𝐴1𝑡)
2

(4.13b)

𝑧𝐵0𝑡 = −𝑅𝐴
𝑡 +

√︁
(𝑅𝐴

𝑡 )2 + 2(1 − 𝜎𝐵
𝑡 )𝜋𝐵

1𝑡 + (𝑧𝐵1𝑡)
2,(4.13c)

𝑧𝐵2𝑡 = −
(︀
𝑧𝐵0𝑡 + 𝑧𝐵1𝑡 + 𝑅𝐴

𝑡

)︀
+
√︁

(𝑅𝐴
𝑡 )2 + 2 ((1 − 𝜎𝐵

𝑡 )𝜋𝐵
1𝑡 + 𝜋𝐵

0𝑡 − 𝜋𝐵
2𝑡) + (𝑧𝐵0𝑡)

2 + (𝑧𝐵1𝑡)
2,

(4.13d)

where 𝑅𝑖
𝑡 = 𝑟𝑡 + (𝑧𝑖1𝑡 + 𝑧𝑖2𝑡)/𝜌𝑡 can be understood as the opportunity cost expanded by the

foreign firms’ spendings with innovation in terms of local currency.
The amount spend in the increase of the technological level 𝑧𝑖𝑗𝑡 is decreasing on the degree

of competition 𝜎𝑡, similar to Aghion et al. (2005) and Acemoglu and Akcigit (2012). However,
adding the international competition, the amount spend with innovation will dependent on the
amount foreign firms spend with it in terms of the national currency. This is another reason
why 𝑧𝑖1𝑡 tends to be non-null. That is, even if the firm has the domestic leadership but not the
international one there would be some gain in increasing the technological level. For this reason
the lazy monopolist effect tends to be lower in the situation where there is trade interaction
between economies due to the higher degree of competition between firms. Moreover, even the
domestically low-tech firms have a greater incentive to invest in new technologies to profit in
potential foreign markets.

From what we have showed the aggregate rate of innovation in each economy is given by
𝐼 𝑖𝑡 = 𝜇𝑖

1𝑡(𝑧
𝑖
1𝑡 + 𝑧𝑖2𝑡) + 2𝜇𝑖

0𝑡𝑧
𝑖
0𝑡, where 𝜇𝑖

1𝑡 + 𝜇𝑖
0𝑡 = 1. In steady-state the expected value of

the spendings with innovation must be equivalent to the share of leveled and unleveled firms.
Which means,

𝜇𝑖
1𝑡(𝑧

𝑖
1𝑡 + 𝑧𝑖2𝑡) = 2𝜇𝑖

0𝑡𝑧
𝑖
0𝑡,

and we rewrite the aggregate rate of innovation in each economy as:

(4.14) 𝐼 𝑖𝑡 =
4(𝑧𝑖1𝑡 + 𝑧𝑖2𝑡)𝑧

𝑖
0𝑡

2𝑧𝑖0𝑡 + 𝑧𝑖1𝑡 + 𝑧𝑖2𝑡
.

Note that from system 4.13 and equation 4.14 the aggregate rate of innovation is a profit
function. It is also, implicitly, a function of the degree of competition between firms and
countries given the optimal allocation of the production factors10.

9See Aghion et al. (2005) for more details.
10As seen in the above subsection.
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2.5. Unbalanced growth path. From equations 4.3 and 4.14, we have that the growth rate
of each intermediary goods sector is represented as

(4.15) 𝑔𝑋𝑖
𝑡

=
(︀
𝜇𝑖
1𝑡(𝑧

𝑖
1𝑡 + 𝑧𝑖2𝑡) + 2𝜇𝑖

0𝑡𝑧
𝑖
0𝑡

)︀
log 𝜆.

Thus, the output growth of each firm and industry depends on each firm’s production weighted
by the distribution of leveled and unleveled firms in each economy. Moreover, this growth
would depend on the rate of innovation that, by construction, depend on the degree of
competition in each industry-country. Furthermore, as the final good produced domestically
is consumed, thus

�̇�𝑖

𝐶𝑖
𝑡

=
�̇� 𝑖

𝑌 𝑖
𝑡

= 𝑔𝑌 𝑖
𝑡
.

Finally, from equations 4.2a and 4.2b the output growth rate is given by

𝑔𝑌 𝐴
𝑡
≡ ℎ𝐴

(︁
𝜂𝐴𝑡 , 𝑔𝑋𝐴

𝑡
, 𝑔𝑋𝐵

𝑡

)︁
(4.16a)

𝑔𝑌 𝐵
𝑡

≡ ℎ𝐵
(︁
𝜂𝑖𝑡, 𝑔𝑋𝐴

𝑡
, 𝑔𝑋𝐵

𝑡

)︁
(4.16b)

where 𝜂𝑖𝑡 = �̃� 𝑖
𝑡/𝑌

𝑖
𝑡 represents a fraction of domestic intermediary product used as input to the

domestic production of final goods. Furthermore, 𝑓(·) and ℎ(·) primarly depends on parameters
𝛼, 𝜖, and 𝜀.

There are three components on the aggregate output growth rate which depend on the
competitive structure of each economy. The first, the price effect arising from the technological
gap; the higher the technological domestic gap, the higher the output growth rate. In this case,
the leading firm would have higher profitability and thus greater incentives to invest in R&D to
further increase its profits. Therefore, the increase in the domestic level of competition inhibit
the aggregate growth because it would reduce the technological gap, the profits and the firms’
innovative incentives. That means that the search for rent dissipation effect would increase the
domestic production of final goods. Second, the output growth rate is increasing in the sum of
the firms’ technology growth rate weighted by quantity produced by each of them in the total
domestic production of the final good. The interaction between the economies results in the
existence of a spillover effect in terms of economic growth due to the effect of export growth.
Note that the above effects are weighted by each good demanded fraction in the domestic
production of final good, 𝜂. If 𝜂𝑖𝑡 = 1, there would be no interaction between economies and
the aggregate output would be similar to that developed by standard literature, 𝑔𝑌 𝑖

𝑡
= 𝑔𝑋𝑖

𝑡
. Note

that 𝜂 measures some composition effect. Finally, the terms of trade raise the aggregate output
growth rate of economy 𝐴 and decrease the rate of economy 𝐵. The higher the terms of trade
the greater the value received from the exported good by the intermediate producer of economy
𝐴, which means that he makes higher profits in the event of any technological advantage that
provides him with non-negative profits.

In summary the competition effect would be implicitly determined in each one of these
terms in that the optimal allocation described in the previous subsection implies the existence
of non-negative profits for high-tech firms. Thus, through prices, terms of trade or dynamic
incentives to raise the technological level (summarized in this quest for profit) competition
affects the output growth rate of each economy. The dynamic equilibrium also implies that the
Markovian equilibrium guarantees that there is a unique unbalanced growth path equilibrium
where the different firms of intermediate goods grow at distinct and constant rates. Thereby,
given the optimal allocation established by equations 4.2, 4.6 and 4.7, the system of equations
established by 4.14, 4.15 and 4.16 trace each economy’s equilibrium path.

Unlike the Aghion et al. (2005) the domestic economy’s growth rate of the final product is
increased by an interactive effect with the external market. In short, from equation 4.15 we will
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estimate 𝑔𝑌 𝑖
𝑡

= 𝑓(𝜎𝑖
𝑡), where 𝑓(·) would have an inverted U shape different for each economy

due to ambiguous effects. For low levels of competition the escape competition effect would
dominate the relationship, because the expected gains of increase in profits is relatively high.
Any increase in competition - domestic or international - would cause a rise in profits. Thus,
each firm has an incentive to invest in new technologies to further increase its profits. The
increased production of intermediate goods and the increase of technology imply an upward
trend in the aggregate output. For high levels of competition, the schumpeterian effect tends
to dominate because the expected increase in profits is increasingly low or zero. The increased
competition creates a race for production - to meet domestic and international markets demands
- and the generation of new technologies to reduce marginal costs. Thus, profitability decreases
in competition for high levels of competition and of certain technologies saturation.

There are other two important points about the model. The first refers to the degree of
substitutability between goods in the production of final goods for countries 𝐴 and 𝐵. If 𝜖 > 𝜀
the greater will be the positive effect of import variations over economy 𝐴’s aggregate output,
vis-a-vis, if 𝜖 < 𝜀 of economy 𝐵. If the production of the final good has greater substitutability
in inputs for economy 𝐴 than 𝐵 then there is an equalization in the prices of inputs such that for
the same level of domestic intermediate production intended to the domestic market, the value
of the variation of imports rises. Which in the proposed substitutability case causes the growth
of the aggregate product. The same would occur if the production in economy 𝐴 was more
complementary than the production in economy 𝐵. If 𝜖 < 𝜀 the smaller the positive effect of
the changes in imports on the aggregate product of economy 𝐴 vis-a-vis if 𝜖 > 𝜀 of economy
𝐵. In this case, intuition is similar. The second point relates to the terms of trade. Although
it raises the relative price of the exported good of firms in economy 𝐴 and, consequently, their
profits vis-a-vis of firms in economy 𝐵, the prices of domestic goods equalize with imported
goods and this implies a reduction of growth in economy 𝐴 and an increase in economy 𝐵. In
the described situation, although it coexist with the increase of economy 𝐴’s firm’s profit the
growth would decay because for the same level of competition and technology there would be
a reduction of the value of changes in imports. Moreover, the effect of terms of trade would be
enhanced by the degree of substitution described above.

In summary from the framework presented here, competition and output growth would
be correlated in a inverted-U shape mainly due to the interaction of the Schumpetarian and
escaping competition effects. In the following session we will seek to corroborate empirically
this relationship between competition and output growth, as well as demonstrating that this
inverted-U differs between industries in developing and industrialized economies.

3. Data, measurement issues, and empirical investigation

The existence of the inverted-U and the difference in optimal levels of competition and
growth will be tested in this subsection. Our goal is to show that the industry-countries have
different levels of competition and this have implications on their output growth rates. Thus, in
this section we will describe the data used in our empirical exercise as well as the key variables
used in the analysis. Finally, we present the empirical results.

3.1. Data. For the comparison between industry-country we used two databases of United
Nations Industrial Development Organization (UNIDO).

The Industrial Statistics Database (INDSTAT) contains annual time series data for 1990 to
2010 and for 135 countries. The data is arranged at the 4-digit level of the International Standard
Industrial Classification (ISIC) Code (Revision 3) of all economic activities pertaining to the
manufacturing sector, which comprises 151 manufacturing categories. The database contains
information on the number of establishments, employment, wages and salaries, output, value
added, gross fixed capital formation, and number of female employees. The initial capital stock
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is imputed as the average of gross fixed capital formation in each sector and economy. Then, we
use the perpetual inventory method to estimate gross fixed capital stock at the firms. Therefore,
we assume that the depreciation rate is 5%. The data is stored in current US Dollars.

The other database used is the Industrial Demand-Supply Balance Database at the 4-digit
level of ISIC Code (Revision 3) pertains to the manufacturing sector and contains data at
the 4-digit level, which comprises 127 manufacturing industries. These database contains
information on imports and exports from 94 countries/areas for the period 1990-2010. It is
important to mention that period coverage as well as item coverage differ from economy to
economy. The database contains annual time-series data on the imports and exports from
industrialized, developing economies. From these variables we construct the total exports and
total imports for each industry-country.

Taking these two databases we have a panel with annual data from 121 sub-sectors of the
manufacturing sector from 65 countries between 1990 and 2010. Lastly, the nominal variables
are deflated by the total product of the manufacturing sector of each country in 2000 year.
For some tests we also use aggregate data summarized by Feenstra and Timmer (2013) and
Botero et al. (2004). We will be explicit about this additional data as we make use of them
throughout the chapter. It is important to emphasize that we will be working with a small panel
that contains missing data. For that reason, specially in the linear regression cases, we will make
use of methods to mitigate this problem such as the forward orthogonal deviations suggested by
Arellano and Bover (1995).

3.2. Measurement issues.
3.2.1. Growth value added. We define the output growth rate of firms in the intermediate

sectors in the standard fashion, as the intertemporal difference of the logarithm of value added
for each industry-country in time, 𝑔𝑖𝑡 = ln𝑋 𝑖

𝑡 − ln𝑋 𝑖
𝑡−1.

3.2.2. Exchange rate. We use two measures of exchange rate. The first is constructed from
the output value in terms of national currency and of U.S. dollars. So we have a measure of
terms of trade ranging from industry-country and also over time. In the second we use the
exchange rate provided by the Feenstra and Timmer (2013) that relates domestic currency and
U.S. dollars, but that rages only in the country and time. Our base models are focused on the use
of the first measure (terms of trade), whilst the second will be used to check for measurement
error, because the variability of the same industry in different countries could be due to changes
in prices or other unobservable costs and not necessarily in the terms of trade.

3.2.3. Measures of international competition. We use two index of international
competition. The first, from equation 4.10, establishes a level of international competition
that depends on production for the domestic and the external markets. For each sector and year
we calculate the maximum across all countries and measured how far each industry-country
is from the maximum, in terms of profit, in the domestic and external markets11. To avoid
cases where a industry-country has an excessively higher profit than the average12, we have
alternative measurements calculated based on the 90th and 75th percentile. We also calculate
using the U.S. industries as the benchmark 13. The second measure is the Competitive Industrial
Performance (CIP) index developed by UNIDO. Basically, this index combines four measures
of international competition that vary between countries and sectors. In Appendix C we present
detailed description of how this index is calculated.

11The IDSB database provides data on total revenue, export value and value added for each industry-country. With
this, we can create a measure of profit from domestic and international markets. The profit obtained in the foreign
market is subject to some measurement error to the extent that the export value may be underestimated because of
the costs of external transactions.
12Normally associated with extraction of natural resources which would distort our results
13Ciccone and Papaioannou (2010) states that normalizing the explanatory variable with respect to an
industry-country attenuates the bias resulting from the variation within each country.
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Figure 4.1 presents the distribution of each index over industries and countries. An
important point is that the measure used here has a smoother distribution. Note that it is, to
some extent, similar to the CIP index, which comes from a completely different source. So,
apparently the first competition index described above does not differs substantially from the
international competition measure used in others studies of the growth literature. Furthermore,
the degree of international competition is relatively low for a high range of industries and
countries. But by making use of the 90th or 75th percentile the distribution is smoothed out.
The distribution of the international competition variable also varies between developing and
industrialized countries, as shown by figure 4.2, specially using the basic measures 𝜎 and CIP.

It is noteworthy that in our empirical exercise we expect the results to be better for the
full sample when we use the basic measurement. For the subsample of developing countries,
however, we expect the results to be be better when we use the 90th and 75th percentile
as the benchmark to the international competition measure. This expectation is because
the profitability of firms in developing countries is low relatively to the profitability in the
industrialized countries, which would affect our measure of international competition. This
would also happen when for some industries there are industries-countries with excessively
high profitability, usually associated with abundance of a natural resource. When using the
90th or 75th percentile we do not exclude an excessive number of industries from developing
economies and we do not distort international competition between them, which makes these
alternative measures fit for use. So we reduce the impact of atypical situations and also generate
better variability of international competition.

In figure 4.3 we showed a correlation between the average growth rate of the output’s value
added of each industry-country and the average of each international competition index by
group of countries14. Firstly, the international competition in the industries of industrialized
countries is on average higher than the ones in developing countries. Moreover, for the same
level of international competition the output growth rate varies mainly in industries of the
developing countries15. When we use the basic measure of international competition, 𝜎, we have
a negative relationship between competition and growth, which suggests that the schumpeterian
effect is strong in this correlation. But the inverted-U appears in the subsample of industries
in developing countries only changing the baseline. Moreover, in figure 4.4, the inverted-U
shape does not clearly arises when the CIP is used as an alternative measure of international
competition for industries in developing countries16. Once again probably because the level of
international competition in their industries is on average relatively low.

3.3. Empirical investigation.
3.3.1. Econometrics methods and issues. The existence of the inverted-U and the

difference in optimal levels of international competition and output growth rate will be tested
in this subsection. Our goal is to show that the industry-countries have different levels of
international competition and this have implications on their output growth rates. The two
principal advantages of the cross-industry cross-country approach are its focus on theoretical
mechanisms and that it is straightforward to control for country-level determinants of economic
activity (Ciccone and Papaioannou, 2010). The equation to be estimated relates the growth rate
of value added 𝑔 and the international competition index 𝜎 is

(4.17) 𝑔𝑖𝑗𝑡 = 𝑓(𝜎𝑖
𝑗𝑡) + 𝛿𝑥𝑖

𝑗𝑡 + 𝑢𝑖
𝑗𝑡,

where 𝑥 is a vector of control variables such as time and industry-country dummies, and 𝑢 is
the error component that has standard properties. Note that the inclusion of time dummies is

14We also show this correlation in figure C.1 but we not divide by groups of economies.
15Probably due to some comparative advantage in a specific sector. For example, the oil industry in Venezuela.
16We also show this correlation in figure C.2 but we not divide by groups of economies.
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equivalent to transforming the variables into deviations from time means. Thus any arbitrary
pattern in the time means is consistent with a constant mean of the transformed series for each
economy (Durlauf et al., 2005). Moreover, all the standard errors are robust and clustered
at the country or industry-country level whenever possible, in order to account for general
variance-covariance structures at the country-industry level within the panel setup. This
approach is useful in order to address arbitrary forms of serial correlation in the error terms
by allowing general variance-covariance structures within any industry-country error term.

In addition, 𝑥 includes well-known variables that affect the output growth rate but are
not explicit in the model such as the level of GDP per capita, the growth rate of the GDP
per capita and the human capital. Additionally, we will test the effect of property rights,
labor regulation, and the effect of civil rights. According to Akcigit and Kerr (2012), Aghion
et al. (2013b) and others authors, the property rights would increase the incentive to raise the
technological level thus rising competition. The labor regulation enhance profits by making
labor less costly (Botero et al., 2004). The civil rights contribute to control the different
institutional structures (Acemoglu et al., 2006), and in addition, to serving as proxy for
property rights. With this, we seek to show that there is an inverted-U relationship between
international competition and output growth and that it is different in developing versus
industrialized countries. Importantly, the use of panel data is likely to increase efficiency
and allow richer models to be estimated, but the expense of potentially serious biases if the
parameter homogeneity assumptions are incorrect. Moreover, we have some challenges on the
econometric point of view such as heterogeneity and nonlinearity of parameters, cross-section
dependence, endogeneity and unobserved and constant-in-time effects for each industry-country
(Durlauf et al., 2005; Wooldridge, 2010; Bond et al., 2010).

First, we suppose that the function 𝑓 has a quadratic form17 and we estimate the following
equation

(4.18) 𝑔𝑖𝑠𝑡 = 𝛼𝜎𝑖𝑠𝑡 + 𝛽𝜎2
𝑖𝑠𝑡 + 𝛾𝐸𝑖𝑠𝑡 + 𝛿𝑥𝑖𝑠𝑡 + 𝑢𝑖𝑠𝑡,

where 𝑠 = {1, · · · , 𝑆} index industries and 𝑖 = {1, · · · , 𝑁} index countries. The variable 𝐸
is the terms of trade and 𝑥 is a vector of control variables that also include industry, country
and time dummies. This vector can include the logarithm of the 1990 GDP per capita to control
for the wealth and the economic development of each country, where this variable also control
the time effects. Furthermore, note that we could index the variables by 𝑗 firms instead of 𝑠
industries for the 𝑁 countries as presented in the model. Our observation unit will be on the
industry-country level because we are interested in the implication of competition on this level
of aggregation. Furthermore, we do not have information on the domestic competition at the
firm-level data for some countries. From the econometric point of view this choice generates
a smaller variability in the interest variables but we will try to attenuate this problem with the
methods suggested by Ciccone and Papaioannou (2010). We will also introduce a few control
variables: an index of human capital per person based on years of schooling and returns to
education (Feenstra and Timmer, 2013) to control for the effect of human capital; a measure of
flexibility in the labor market (Botero et al., 2004) that would affect the reallocation of labor and
consequently the efficiencies and profits across industries-countries; and an index of civil rights
to control for the effects of each economy’s institution on the relationship between international
competition and output growth rate (Botero et al., 2004).

First, we estimate the ordinary least square (OLS) regressions using each of the proposed
competition index for the full sample and then for each subsample of countries (industrialized
versus developing). We also know that industry-country output growth and competition are
endogenous. We will use the lag of each control variable previously described as instruments
as well as the exchange rate. We use these instruments to estimate a dynamic panel method

17We verify the power of this assumption in subsection 3.3.4.
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as suggested by Arellano and Bover (1995) and Blundell and Bond (1998). Furthermore, the
Arellano-Bond generalized method of moments (GMM) estimator enable the treatment of two
other issues: industry-country fixed effects correlated with the dependent variables, and the fact
that we are working with a small panel. The fact that we use annual data of industries may cause
the result to reflect time-series cyclical behavior and not that of the long-run which we would
like. Moreover, the use of dynamic panel enable the filtering of high frequency fluctuations.
In appendix C we compute variables over non-overlapping periods and in particular 5-years
variables are computed over the periods 1991-1995, 1996-2000, 2001-2005, and 2006-2010. In
general, the fundamental results of the annual data not significantly change.

We expect the OLS and GMM estimates of 𝜎 to have positive sign and the ones for 𝜎-square
to have a negative sign, which characterizes the inverted-U shape. From figure 4.3, we also
expect that for developing economies this inverted-U has a lower peak and higher positive
skewness than the industrialized ones. From the model, the exchange rate should present a
positive sign because the higher the exchange rate the lower the price of the domestic good in the
international market making this good more competitive in terms of price. This would generate
a greater profit expectation and, finally, a higher sector output growth rate. Importantly, we
primarily use annual data. This approach is feasible in this context, since we observe significant
variation over time in both key variables (Durlauf et al., 2005). The use of annual data provides
us with enough time series observations to estimate separate models for individual economies,
and thereby to allow for heterogeneity across economies in all parameters. One disadvantage is
that much of the annual deviation in output growth rate may reflect business cycle fluctuations,
rather than underlying long-term output growth. We rely on dynamic econometric specifications
to implicitly filter out these higher-frequency influences, while acknowledging the limitations of
this approach. We reaffirm that the fundamental aim of this chapter is to check how the degree
of international competition and the output growth rate are correlated between countries, this
does not require the reader assigning causal interpretation to our finding.

3.3.2. Basic results. Table 4.1 reports the estimates from the panel regression of equation
4.18 taking into account the whole sample of countries between 1990 and 2010 not worrying if
the country is developing or industrialized and without controlling for this fact18. We emphasize
that the equations were also estimated in real terms and we obtained the same pattern of
results. In columns (1) we use as explanatory variables only our variables of interest: exchange
corresponds to the terms of trade; competition index and competition index2 are the international
competition index and the square of the international competition index, respectively. For all
specifications the international competition index is defined in two fashions: 𝜎 and CIP, as
previous described. The coefficient estimates associated to the variables competition index
and competition index2 are statistically different from zero with positive and negative signs
respectively. This correspond to the inverted-U format described by the model. The effect of
variable exchange also meet our expectations. The rise in the terms of trade (or exchange rate)
would have a positive effect on the output growth rate of each industry-country to the extent
that the domestic products would be relatively cheaper abroad and so, for the same level of
international competition there would be an increase in the output growth rate of the sector.

We include the logarithm of GDP per capita in 1990 in columns (2) of table 4.1. In columns
(3) we include as control the difference of the logarithm of GDP per capita. In addition, note
that this variable control also control the economy’s dynamic behavior such as growth of the
service and agriculture sectors (Ciccone and Papaioannou, 2010). Columns (4) controls the
effect of changes in the efficiency of the employed worker because of differences in human
capital. Following the literature, we have that these variable controls the initial differences
in the production structure and economic development of economies Durlauf et al. (2005).
The inclusion of the latter variable affects only marginally the magnitude of the coefficients
18This will be addressed in the next subsection.
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of interest for both specifications of the international competition index. Columns (5) contain
all controls described previously. These controls are significant, both individually and jointly
and present the expected sign. The results indicate that the inverted-U relationship between
output growth and international competition exists and persists the inclusion of several different
control variables as well as changes in the estimation method - Panel A and Panel B. Of the
control variables, the log of the initial GDP per capita, variable which capture the country’s
economic development have a strong effect on this relationship. Furthermore, the relationship
holds for different specifications of the international competition index. All estimates were also
tested using the aggregate exchange rate and the results also hold the same pattern.

It is noteworthy that these results (for the OLS case) have no causal relationship to the extent
that competition is clearly endogenous. The theoretical model itself establishes it. Therefore,
we use the lag of the explanatory variables in the dynamic panel method. In this method, the
obtained autocorrelation is high in all specifications, especially for the first lags, as stated by the
Arellano-Bond test for zero autocorrelation in first-differenced errors. We also can not reject the
Sargan test of over-identifying restrictions. Thus, the instruments used are strongly correlated
with the endogenous variable and, moreover, can not be statistically rejected, which means that
the results from the dynamic GMM panel are also valid.

3.3.3. Developing versus Industrialized economies. In order to establish the different
impacts of international competition on output growth rate in developing and industrialized
countries, we stratified the sample into two groups according to the countries’ economic
development using UNIDO’s classification19. We will investigate if indeed the relationship
is maintained in the different groups of countries and also what would be the gain in terms
of growth rate for the industries in the developing countries if the degree of international
competition was elevated to the same level of the respective industries in industrialized
countries. Our hypothesis is that the schumpeterian effect should occur more rapidly in
the industrialized economies that tend to invest more in developing new technologies than
in developing economies whose technological progress tends to occur via imitation and
incorporation of new technologies. This is because the industries that are more distant from
technological frontier tend to benefit more from spillover effects of the technology available in
the global technological frontier.

First and fifth column of table 4.2 replicate the specification (5) in table 4.1 using
the competition indexes 𝜎 and CIP respectively, but segregating between developing and
industrialized countries. In both subsamples the results are qualitatively similar. These results
corroborate what was observed on figures 4.3 and 4.4, and show that, on average, there is
an inverted-U relationship for many measures of international competition and it is distinct
among industries-countries. Following Ciccone and Papaioannou (2010), in column (2) of table
4.2 we report the estimates for the case in which the U.S. manufacturing sector is excluded
from the regressions and it is used as benchmarks for each respective industry. The results
are significant and as expected for both panels, in the case of developing countries. For the
subsample for industrialized countries, however, the number of observations for this measure
drops substantially due to this exclusion of the U.S. industries.

Finally, in third and fourth column of table 4.2 we tested two additional specifications for
the competition index. We changed the benchmark of the industry failing to consider it the
United States manufacturing sector - 𝜎𝑢𝑠𝑎 third column - or the maximum of each industry -
𝜎 first column - substituting it by the 90th and 75th percentiles of the output distribution of
each industry. Note that now the reference country is changing between industries. In the case
of the static panel, we realized that the results remain significant and with the expected sign.

19Table C.3 presents the classification and which countries are used in our empirical exercise. Although there
are more developing countries in the sample, the industrialized countries have a higher number of non-missing
industries observations

65



That means that using various measures of international competition and control variables there
would exist a relationship between international competition and output growth rate and this
relationship would differ between the industries of developing and industrialized economies.

In table 4.3 we performed a similar exercise as in table 4.2 adding as a control the
employment laws index and the civil rights index. We expect the industry-country output
growth to be increasing in both variables to the extent that the more flexible the labor market
the better tends to be the allocation of labor and the better should be the performance of the
industry-country output. Moreover, the quality of institutions - summarized by the civil rights
index - should reveal the impact of the existence of property rights which should increase the
dynamic incentives to innovation, and legal soundness in favor of a more competitive market
structure implying that the rent dissipation effect was more blunt. However, this pattern was
not significant and consistent in the estimates. Thus, it is not possible to state conclusively the
effect of these variables on the relationship between competition and output growth.

Again the autocorrelation is high in all specifications and subsamples, specially for the first
lags, even in the exercise that we include the employment laws index and the civil rights index
as control. We also can not reject the Sargan test of over-identifying restrictions. Thus, we have
that the instruments used for the subsample are also correlated with the endogenous variable
and can not be statistically rejected. Again, the results used in the dynamic panel remain valid.
Furthermore, all of these estimates were also tested using the aggregate exchange rate and the
results showed the same pattern.

In summary, there is evidence that the inverted-U relationship between international
competition and output growth rate and it is different between developing and industrialized
countries. We now verify what would be the gains in terms of economic growth to the
manufacturing sector of the developing countries would have if they had the equivalent level of
international competition of the manufacturing sector of the industrialized countries as well as
similar economic conditions (see figure 4.5). Figure 4.5 has been parameterized in accordance
with the values estimated in the dynamic panel, as shown in table 4.2. Thus, for each given
level of international competition any difference between the output growth rates reflects how
much economic growth would that country gain compared to the other group of countries.

Primarily, as already mentioned the inverted-U appears in all specifications and estimation
methods of 𝜎. Furthermore, the simulations imply that the increase in 𝜎 in the industry
of developing economies would not reduce the difference of your output gap in relation to
industrialized economies. Despite that the higher marginal gain in the industry of developing
economies. However, for this measure of competition we can not affirm that the optimal level of
𝜎 in developing countries is higher. This is so because in the situation where competition results
in the greatest growth of value added the difference between the output growth rates would still
be −0.6% against the industries in developing countries.

However, when we use relative measures we see changes. At the same level of international
competition the output growth rate would be higher in the industries of the developing
economies. Thus, when we exclude some excessively disparate industries (in terms of value
added), the increased competition would reduce the output gap between industries in the
developing and industrialized countries. However, the magnitude of this reduction would
have the shape of the inverted-U. Once we control for economic development, human capital
and GDP growth rate as a whole, the figure 4.5 tells us that for low levels of international
competition its elevation would have a greater effect on developing economies than on
industrialized ones. Nonetheless, as the international competition increases the gains become
more restricted, even though there is still some improvement in relation to the industrialized
economies.

The illustrate mode, the gap between the growth rates across industries and countries when
the international competition index takes the value 0.5 is equivalent of 0.224%, 0.585%, and
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1.035%, to 𝜎𝑢𝑠𝑎, 𝜎90𝑡ℎ and 𝜎75𝑡ℎ, respectively, in favor of the industries of the developing
economies. That means that when we exclude some outliers industries and we control for
economic development, human capital and momentary output growth rate of each country, the
increased competition among industries and countries tend to enhance the industry-country
output growth for developing economies in a higher magnitude than the industrialized
economies. Moreover, our results indicate that the optimal level of growth is greater for
developing countries. In table 4.6, we show the gains in terms of output growth per year to
the manufacturing sector of the developing countries would have if they had the equivalent level
observed of international competition of the manufacturing sector of the industrialized countries
as well as similar economic conditions. Thus, according this table, the manufacturing sector of
the developing countries accumulate an increase of about 4 − 6% between 1990 and 2011, if
they had the equivalent level observed of international competition of the manufacturing sector
of the industrialized economies.

3.3.4. The simple test for a inverted-U relationship. We try to identify that an inverted-U
relationship between international competition and output growth rate including a quadratic
term in an otherwise standard regression model. If this term is significant and, in addition,
the estimated extreme point is within the data range, it is common to conclude that there is
a inverted-U relationship. However, this criterion can be weak. First, according to Lind and
Mehlum (2010) because the difficult of the test on coefficient estimates of the presence of a
inverted-U. Second, the problem arises when the true relationship is convex but monotone over
relevant data values. For this test, we use technical approach by Lind and Mehlum (2010).
According these authors, given equation 4.17 and the assumption of only one extreme point,
the requirement for a U shape is that the slope of the curve is negative at the start and positive
at the end of a reasonably chosen interval of 𝜎-values [𝜎𝑙, 𝜎ℎ]. The natural choice of interval
is in many contexts the observed data range [min𝜎,max𝜎]. If we want to make sure that the
inverted-U is not only a marginal phenomenon the interval could also be in the interior of the
domain of 𝜎. To assure at most one extreme point on [𝜎𝑙, 𝜎ℎ], as assumed before, we require 𝑓
to be monotone on this interval. A inverted-U is then implied by

𝛼 + 2𝛽𝜎𝑙 < 0 < 𝛼 + 2𝛽𝜎ℎ.

If either of these inequalities are violated the curve is not U but inverted-U or monotone.

𝐻0 : 𝛼 + 2𝛽𝜎𝑙 ≥ 0 and/or 𝛼 + 2𝛽𝜎ℎ ≤ 0

can be rejected in favor of the combined alternative hypothesis

𝐻1 : 𝛼 + 2𝛽𝜎𝑙 < 0 and/or 𝛼 + 2𝛽𝜎ℎ > 0

In resume, we check the linearity of the specification 4.18 with respect to 𝛼 and 𝛽, thus the
test of 𝐻0 against 𝐻1 is simply a test of linear restrictions on these parameters. Hence the set
of (𝛼, 𝛽) that satisfy 𝐻1 is a sector in R2 contained between the two lines 𝛼 + 2𝛽𝜎𝑙 = 0 and
𝛼 + 2𝛽𝜎ℎ = 0.

Tables 4.4 and 4.5 show the test presented above for each estimation in tables 4.1 and
4.2. Again, the null hypothesis is that there is not U relationship between international
competition and output growth rate. These tables corroborate the use of quadratic form and
jointly they significant of results it implies that there is a inverted-U shaped relationship
between competition and output growth rate in mostly results. Note that in full sample there is
relationship increased because probably the fact at smaller level of competition in developing
countries. Other relevant point is that the extreme point also is distinct between countries. This
fact imply the higher effect of competition growth in developing economies, but not necessarily
the level of international competition of these economies is identical to that presented in
industrialized countries. This fact strengthens the argument used to explain figure 4.5.
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4. Concluding remarks

This chapter attempted to show how competition and output growth are related. Departing
from the theoretical framework developed here, this correlation would be different and
dependent on the distance that each industry-country is to the technological frontier and on the
terms of trade. Primarily, according the model developed here, firms in developing countries
have on average lower technological level, so they have lower profit, on average, than firms
in industrialized countries. This would produce lower profits and incentives to raise the
technological level and thus attenuate the output growth rate. Since economies interact in trade
and firms in industrialized countries tend to be more competitive, these firms generate even
bigger profits coming from the developing countries. This further increases the output growth
rate of firms in industrialized countries and also increases the gap in output per worker between
economies.

Our empirical results imply that there is an inverted-U relationship between competition
and the growth rate of the output across industry-countries using a international competition
index based on relative profits of industry-countries. We also find that this relationship is
distinct among developing and industrialized economies. Since on average the industries in the
developed countries tend to present higher levels of competition even when we control by the
terms of trade and the characteristics of each industry-country, if each industry in the developing
countries had the same level of competition of the respective industry in the developed ones,
we estimate that their product growth would rise substantially. This helps bringing empirical
section closer to the mechanisms emphasized by theory section. Moreover, using international
industry data also allows addressing some of the reverse causation and omitted variable issues
present in standard cross country empirical work. But the cross-industry cross-country approach
is not without potential pitfalls.

We present here a channel to explain the difference between output per capita across
countries. Industrialized economies tend to have more competitive markets, so there is greater
dynamic incentives to raise their production (Nickell, 1996). Both by developing new and better
technologies that reduce costs and raise profits and also by searching new consumer markets
given the possibility of gains in international trade. However, in developing countries the low
technological level, as well as the productive inefficiencies and idiosyncratic malfunctioning of
the production system would result in less competitive industry-countries and under determined
output growth rates (Acemoglu et al., 2006). Lastly, it would contribute to the maintenance of
the gap in the GDP per capita between economies. We state that the difference in the output
per capita in these economies can also be related to the difference in the level of competition
in each economy and the mechanisms that determines it. Not only it affects the profitability of
each firm but it also affects the incentives to rise the technological level, which in turns affect
the rate of output growth between economies.
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FIGURE 4.1. Distribution of index competition

(a) (b)

FIGURE 4.2. Distribution of index competition by countries

(a) (b)

(c) (d)
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FIGURE 4.3. Output growth x competition

� Developing economies � Industrialized economies.

FIGURE 4.4. Output growth x competition II

� Developing economies � Industrialized economies.
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TABLE 4.1. Basic results

𝜎 CIP

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

Panel A: OLS Panel with fixed effect (industry-country)
competition_index 0.225*** 0.203*** 0.222*** 0.227*** 0.222*** 1.601*** 2.119*** 1.655*** 1.737*** 2.163***

(0.0235) (0.0213) (0.0234) (0.0232) (0.0211) (0.1711) (0.1456) (0.1737) (0.1692) (0.1551)
competition_index2 -0.191*** -0.189*** -0.188*** -0.192*** -0.198*** -3.099*** -3.618*** -3.255*** -3.331*** -3.818***

(0.0224) (0.0234) (0.0222) (0.0221) (0.0230) (0.4273) (0.3670) (0.4489) (0.4250) (0.4059)
exchange 0.333*** 0.034 0.340*** 0.302*** 0.253*** 0.147*** 0.044 0.155*** 0.131** 0.119**

(0.0628) (0.0515) (0.0622) (0.0651) (0.0630) (0.0567) (0.0472) (0.0560) (0.0579) (0.0557)
dlGDP 0.328*** 0.451*** 0.402*** 0.468***

(0.0540) (0.0462) (0.0495) (0.0432)
hc -0.130*** 0.189*** -0.099*** 0.054***

(0.0291) (0.0154) (0.0268) (0.0149)
Observations 39,156 39,156 39,123 37,267 37,267 41,458 41,458 41,425 39,348 39,348
Number of id 3,293 3,293 3,290 3,133 3,133 3,294 3,294 3,291 3,134 3,134
Year FE Yes No Yes Yes No Yes No Yes Yes No
r2_o 0.0602 0.0197 0.0620 0.0631 0.0227 0.0600 0.0263 0.0628 0.0641 0.0297

Panel B: GMM Panel
competition_index 0.568*** 0.499*** 0.565*** 0.676*** 0.492*** 1.441*** 2.446*** 1.636*** 2.797*** 3.522***

(0.0245) (0.0203) (0.0243) (0.0280) (0.0218) (0.0481) (0.0497) (0.0492) (0.0688) (0.0631)
competition_index2 -0.444*** -0.488*** -0.440*** -0.516*** -0.475*** -4.418*** -6.013*** -4.994*** -7.019*** -8.274***

(0.0261) (0.0232) (0.0260) (0.0281) (0.0237) (0.1489) (0.1500) (0.1529) (0.1774) (0.1638)
exchange 1.158*** 0.389*** 1.134*** 1.329*** 0.453*** 0.489*** -0.065*** 0.446*** 0.171*** -0.268***

(0.0516) (0.0391) (0.0513) (0.0563) (0.0397) (0.0247) (0.0224) (0.0254) (0.0248) (0.0239)
dlGDP 0.121*** 0.439*** 0.291*** 0.375***

(0.0328) (0.0279) (0.0241) (0.0227)
hc -0.212*** 0.086*** -0.177*** -0.103***

(0.0130) (0.0089) (0.0077) (0.0072)
Observations 31,124 31,124 31,091 29,486 29,486 32,804 32,804 32,771 31,037 31,037
Number of id 3,198 3,198 3,195 3,038 3,038 3,200 3,200 3,197 3,040 3,040
Year FE Yes No Yes Yes No Yes No Yes Yes No
zrank 619 602 620 620 604 619 602 620 620 604
arm1 -5.239 -4.859 -5.197 -4.408 -4.102 -5.162 -5.050 -5.124 -4.335 -4.192
arm2 -1.875 -2.190 -1.866 -1.723 -1.996 -1.939 -2.210 -1.882 -1.970 -2.011
sargan 1328 1699 1326 1323 1697 1820 2210 1813 1785 2147

Note: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. The dependent variable is the annual growth rate of value added at the country-industry level for the period 1990-2010.
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TABLE 4.2. Basic results for countries

Developing economies Industrialized economies

𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP

Panel A: OLS Panel with fixed effect (industry-country)
competition_index 0.960*** 0.758*** 0.474*** 0.344*** 4.509*** 0.205*** 0.201*** 0.127*** 0.093*** 1.917***

(0.2695) (0.0854) (0.0675) (0.0537) (0.3505) (0.0206) (0.0226) (0.0186) (0.0197) (0.1127)
competition_index2 -1.477** -0.785*** -0.442*** -0.277*** -13.286*** -0.163*** -0.202*** -0.112*** -0.067*** -2.882***

(0.6210) (0.0875) (0.0659) (0.0474) (1.2593) (0.0186) (0.0206) (0.0153) (0.0148) (0.2652)
exchange 0.135 0.058 0.172** 0.177** -0.067 0.439*** 1.199*** 0.416*** 0.406*** 0.385***

(0.0853) (0.1018) (0.0784) (0.0793) (0.0752) (0.0803) (0.1355) (0.0791) (0.0793) (0.0780)
dlGDP 0.532*** -0.116 0.547*** 0.560*** 0.540*** 0.434*** 0.047 0.457*** 0.456*** 0.440***

(0.0839) (0.0981) (0.0766) (0.0766) (0.0750) (0.0495) (0.0553) (0.0485) (0.0484) (0.0469)
hc -0.013 0.311*** 0.042 0.051* -0.114*** 0.265*** 0.790*** 0.241*** 0.238*** 0.123***

(0.0397) (0.0504) (0.0306) (0.0303) (0.0319) (0.0149) (0.0278) (0.0145) (0.0146) (0.0144)
Observations 11,176 8,875 12,013 12,013 12,014 26,050 18,332 27,291 27,291 27,293
Number of id 1,128 1,046 1,129 1,129 1,129 1,999 1,744 1,999 1,999 1,999
Controls all all all all all all all all all all
r2_o 0.0234 0.0310 0.0187 0.0186 0.0272 0.0346 0.0898 0.0305 0.0300 0.0456

Panel B: GMM Panel
competition_index 2.430*** 3.063*** 1.976*** 1.210*** 8.463*** 0.307*** 1.398*** 0.342*** 0.215*** 2.630***

(0.0046) (0.1769) (0.0525) (0.0487) (0.0242) (0.0171) (0.0786) (0.0329) (0.0357) (0.0392)
competition_index2 -2.564*** -2.939*** -1.786*** -0.920*** -27.205*** -0.284*** -1.330*** -0.304*** -0.164*** -5.740***

(0.0045) (0.1746) (0.0510) (0.0468) (0.0884) (0.0180) (0.0752) (0.0296) (0.0294) (0.0943)
exchange 0.632*** 0.868*** 0.569*** 0.547*** -0.022*** 0.398*** 0.523*** 0.803*** 0.847*** -0.460***

(0.0022) (0.0927) (0.0363) (0.0391) (0.0025) (0.0327) (0.0803) (0.0460) (0.0464) (0.0177)
dlGDP 0.121*** -0.107* -0.054** 0.025 -0.026*** 0.631*** 0.137*** 0.496*** 0.491*** 0.724***

(0.0006) (0.0611) (0.0266) (0.0262) (0.0007) (0.0262) (0.0434) (0.0292) (0.0281) (0.0210)
hc -0.134*** 0.234*** 0.073*** -0.047*** -0.264*** 0.322*** 0.482*** 0.423*** 0.398*** 0.146***

(0.0010) (0.0368) (0.0149) (0.0160) (0.0025) (0.0068) (0.0227) (0.0134) (0.0131) (0.0054)
Observations 8,417 7,063 8,926 8,926 8,927 21,044 16,392 22,085 22,085 22,085
Number of id 1,039 967 1,041 1,041 1,041 1,994 1,738 1,994 1,994 1,994
Controls all all all all all all all all all all
zrank 600 269 601 601 600 604 269 604 604 604
arm1 -2.866 -9.693 -2.968 -2.953 -2.961 -12.19 -15.29 -13.31 -13.29 -12.94
arm2 -1.778 -0.167 -1.762 -1.644 -1.707 -0.643 1.340 -0.415 -0.355 -0.947
sargan 768.1 455.4 806.3 800.0 858.5 1396 1029 1570 1581 1686

Note: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. The dependent variable is the annual growth rate of value added at the country-industry level for the period 1990-2010; exchange
corresponds to the terms of trade; competition index and competition index2 are the competition index and the square of the competition index; hc is an index of human capital per person based on years of schooling and
returns to education; lGDP90 is the logarithm of the 1990 GDP; dlGDP is the difference of the logarithm of GDP.
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TABLE 4.3. Basic results for countries II

Developing economies Industrialized economies

𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP

Panel A: OLS Panel with fixed effect (industry-country)
competition_index 0.819*** 0.596*** 0.440*** 0.282*** 3.014*** 0.206*** 0.204*** 0.129*** 0.094*** 1.914***

(0.2806) (0.0884) (0.0776) (0.0595) (0.4893) (0.0205) (0.0224) (0.0186) (0.0199) (0.1124)
competition_index2 -1.327** -0.687*** -0.483*** -0.265*** -8.718*** -0.163*** -0.203*** -0.113*** -0.067*** -2.886***

(0.6438) (0.0977) (0.0793) (0.0528) (1.5919) (0.0185) (0.0204) (0.0153) (0.0148) (0.2650)
exchange 0.173** 0.158 0.220*** 0.206** 0.010 0.365*** 1.081*** 0.349*** 0.339*** 0.327***

(0.0839) (0.1008) (0.0801) (0.0810) (0.0818) (0.0687) (0.1027) (0.0689) (0.0690) (0.0676)
index_labor7a 1.072** 1.884*** 1.334*** 1.294*** 0.423 -0.141*** -0.819*** -0.149*** -0.161*** -0.183***

(0.4647) (0.4879) (0.4437) (0.4568) (0.4367) (0.0134) (0.0272) (0.0133) (0.0134) (0.0126)
index_cra -0.679*** -0.078 -0.702*** -0.619*** -0.750*** -1.744*** 1.541*** -1.450*** -1.480*** -1.301***

(0.2474) (0.2521) (0.2358) (0.2372) (0.2328) (0.1100) (0.0583) (0.1054) (0.1058) (0.1031)
Observations 9,725 7,439 10,075 10,075 10,075 25,381 17,726 26,585 26,585 26,587
Number of id 985 914 986 986 986 1,938 1,685 1,938 1,938 1,938
Controls all all all all all all all all all all
r2_o 0.0319 0.0411 0.0292 0.0280 0.0303 0.0355 0.0928 0.0314 0.0309 0.0470

Panel B: GMM Panel
competition_index 1.804*** 2.570*** 1.844*** 0.998*** 3.479*** 0.506*** 1.518*** 0.454*** 0.365*** 2.541***

(0.0031) (0.1593) (0.0497) (0.0515) (0.0207) (0.0232) (0.0870) (0.0356) (0.0393) (0.0402)
competition_index2 -1.712*** -2.637*** -1.921*** -0.896*** -11.042*** -0.398*** -1.451*** -0.399*** -0.275*** -5.556***

(0.0029) (0.1605) (0.0501) (0.0493) (0.0593) (0.0226) (0.0831) (0.0316) (0.0315) (0.0941)
exchange 0.697*** 1.228*** 0.796*** 0.739*** 0.457*** 1.305*** 1.466*** 1.338*** 1.387*** -0.050**

(0.0015) (0.0920) (0.0373) (0.0441) (0.0019) (0.0526) (0.1032) (0.0594) (0.0574) (0.0233)
index_labor7a 0.290*** 0.612*** 0.343*** 0.566*** -0.007 0.650*** 0.561*** 0.504*** 0.511*** 0.339***

(0.0123) (0.2019) (0.0495) (0.0544) (0.0053) (0.0195) (0.0572) (0.0291) (0.0298) (0.0069)
index_cra 0.096*** -1.229*** -0.245*** -0.192*** -0.277*** 0.037 0.402*** 0.334*** 0.371*** -0.102***

(0.0116) (0.1534) (0.0463) (0.0472) (0.0062) (0.0333) (0.1127) (0.0494) (0.0429) (0.0130)
Observations 7,062 5,717 7,278 7,278 7,278 20,495 15,877 21,511 21,511 21,511
Number of id 896 835 898 898 898 1,933 1,679 1,933 1,933 1,933
Controls all all all all all all all all all all
zrank 600 269 601 601 600 604 269 604 604 604
arm1 -2.646 -7.815 -2.811 -2.755 -2.773 -11.90 -16.02 -12.95 -12.98 -12.61
arm2 -1.388 -0.590 -1.635 -1.462 -1.568 -0.745 0.999 -0.612 -0.533 -0.801
sargan 689.0 359.0 715.3 715.0 769.3 1367 996.7 1531 1536 1650

Note: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. The dependent variable is the annual growth rate of value added at the country-industry level for the period 1990-2010. The controls are: a
Growth rate of GDP, an index of human capital and a logarithm of GDP in 1990. Employment laws index (index_labor7A) measures the protection of labor and employment laws as the average of: Alternative employment
contracts; Cost of increasing hours worked; Cost of firing workers; and Dismissal procedures. Civil rights index (index_cra) measures the degree of protection of vulnerable groups against employment discrimination as
the average of the preceding five variables.
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TABLE 4.4. Robustness of results

(1) (2) (3) (4) (5)
Panel A 𝜎
t-value 5.24 5.24 5.35 5.17 5.29
P>|t| 0,00 0,00 0,00 0,00 0,00

Panel B 𝜎
t-value 17.05 17.05 10.44 11.41 16.49
P>|t| 0,00 0,00 0,00 0,00 0,00

Panel A CIP
t-value 7.10 7.10 7.03 7.18 6.86
P>|t| 0,00 0,00 0,00 0,00 0,00

Panel B CIP
t-value 35.74 35.74 31.77 37,490 22,600
P>|t| 0,00 0,00 0,00 0,00 0,00

Note: The null hypothesis is that there is not U relationship between competition and output growth.

TABLE 4.5. Robustness of results II

Developing economies

Panel A 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP
Extreme point 0,329 0,430 0,461 0,527 0,198
t-value 5,120 3,480 3,820 2,260 1,620
P>|t| 0,00 0,00 0,00 0,12 0,05

Panel B 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP
Extreme point 07,561 0,477 0,496 0,574 -0,088
t-value 978,85 15,42 78,60 25,83 TR
P>|t| 0,00 0,00 0,00 0,00

Industrialized economies

Panel A 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP
Extreme point 0,651 0,502 0,582 0,869 .337
t-value 2,960 4,490 3,980 0,510 4,300
P>|t| 0,00 0,00 0,00 .30 0,00

Panel B 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP
Extreme point 0,976 0,521 0,593 0,763 0,312
t-value 0,630 12,120 12,000 4,570 31,770
P>|t| 0,26 0,00 0,00 0,00 0,00

Note: TR is the trivial solution. The null hypothesis is that there is not U relationship between competition and output growth.
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FIGURE 4.5. Simulation

(a) 𝜎 (b) 𝜎𝑢𝑠𝑎

(c) 𝜎90𝑡ℎ (d) 𝜎75𝑡ℎ

� Developing economies � Industrialized economies.
Note: Simulations from the parameters of the dynamic panel of table 4.2.

TABLE 4.6. Simulation II

Competition Developing Industrialized Gains in output
index economies economies growth rate

𝜎 0.0278 0.1244 0.1905
𝜎90𝑡ℎ 0.0865 0.3300 0.2890
𝜎75𝑡ℎ 0.1936 0.5471 0.1418
𝜎𝑢𝑠𝑎 0.0371 0.1438 0.1856

Note: Second and third columns show the average between 1990 and 2011 from each competition index and its group of countries. Gains
in growth rate represents how much in terms of economic growth to the manufacturing sector of the developing countries would have if they had
the equivalent level observed of competition of the manufacturing sector of the industrialized countries as well as similar economic conditions.
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CHAPTER 5

Conclusion

This dissertation seek contributes to the Economic Growth field.
In the chapter 2, we contributes by documenting misallocation of resources in the Brazilian

manufacturing sector and suggests explanations for this misallocation. Hsieh and Klenow
(2009) noted that if China and India could optimally allocate their inputs, the manufacturing
sector of these economies would grow by 30-50% and 40-60%, respectively. Oberfield (2013)
found that this same type of reallocation in Chile implied a growth of 60%. In the Brazilian case,
optimal reallocation would imply an increase of more than 100%. This chapter also can help
explain the persistence of the output per worker gap between countries. Thus, the technology
gap between countries does not alone justify the GDP per capita gap. Similarly argued by
Collard-Wexler et al. (2011), a firm’s difference in allocation of resources is a significant source
of this inequality. Therefore the results of this chapter show that misallocation of resources is
a disturbing problem in the Brazilian case and makes it necessary to increase the production
efficiency of the manufacturing sector. For this chapter, public policies are necessary to address
structural problems, such as the restriction of credit, the flexibility of the labor market, and the
improvement of infrastructure.

We can see in figures 3.1 and 3.2 that there is a pattern of production in the developing
economics that differs from that observed in the industrialized countries. Moreover, this pattern
is not fully explained by models that focus the allocation of resources similar to that proposed
by Acemoglu and Guerrieri (2008). Thus, the fundamental aim of chapter 3 is to present a
theoretical framework that explains too the pattern observed in the developing countries. The
main contribution of this chapter is demonstrate that the interaction between inputs and factor
proportions across sectors will lead to nonbalanced growth, while also still being consistent with
the observed date in the developing countries. For this, the framework with less restriction on
the degree of elasticity of substitution and the technological gap has a greater power of explain
of the pattern of structural change between countries. Therefore, if we compare the model
presented here to others studies that also employ the multisectoral model of economic growth,
such as obtained by Acemoglu and Guerrieri (2008), the model better explains the pattern of
structural change observed mainly in developing countries. Furthermore, the introduction of
the misallocation of resources adds information on the variable not observable, but that clearly
affects the relative prices of inputs and consequently its allocation. Finally, the distinct pattern
of structural change between countries would be a channel for explain the output per worker
gap between countries.

The chapter 4 present here other channel to explain the difference between output per capita
across economies. Industrialized economies tend to have more competitive markets, so there
is greater dynamic incentives to raise their production (Nickell, 1996). Both by developing
new and better technologies that reduce costs and raise profits and also by searching new
consumer markets given the possibility of gains in international trade. However, in developing
countries the low technological level, as well as the productive inefficiencies and idiosyncratic
malfunctioning of the production system would result in less competitive industry-countries and
under determined output growth rates (Acemoglu et al., 2006). Lastly, it would contribute to the
maintenance of the gap in the per capita GDP between economies. We state that the difference
in the output per capita in these economies can also be related to the difference in the level of
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competition in each economy and the mechanisms that determines it. Not only it affects the
profitability of each firm but it also affects the incentives to rise the technological level, which
in turns affect the rate of output growth between economies
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APPENDIX A

Chapter 2

1. Mathematical issues

1.1. Derivation of Aggregate TFP. In this section, we derive equations 2.6 and 2.7.
Again, we use the growth accounting

𝑇𝐹𝑃𝑠𝑡 =
𝑋𝑠𝑡

𝐾𝛼𝑠
𝑠𝑡 𝐿

1−𝛼𝑠
𝑠𝑡

.

we can express 𝐿𝑖𝑠𝑡 and 𝐾𝑖𝑠𝑡 as function of 𝑋𝑠𝑡. Equation 2.5b implies

(A.1) 𝛼𝑠[1 − 𝜏𝑌 𝑠𝑖𝑃𝑖𝑠𝑡]
𝜎

𝜎 − 1
𝑀𝑖𝑠𝑡

(︂
𝐾𝑖𝑠𝑡

𝐿𝑖𝑠𝑡

)︂𝛼𝑠−1

= (1 + 𝜏𝐾𝑖𝑠)𝑅

Note also

𝑃𝑖𝑠𝑡 =

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂−1/𝜎

𝑃𝑠𝑡

𝑃𝑖𝑠𝑡 =

(︂
𝑀𝑖𝑠𝑡𝐾

𝛼𝑠
𝑖𝑠𝑡𝐿

1−𝛼𝑠
𝑖𝑠𝑡

𝑋𝑠𝑡

)︂−1/𝜎

𝑃𝑠𝑡

𝑃𝑖𝑠𝑡 =

(︂
𝑀𝑖𝑠𝑡(𝐾𝑖𝑠𝑡/𝐿𝑖𝑠𝑡)

𝛼𝑠−1

𝑋𝑠𝑡

)︂−1/𝜎

𝑃𝑠𝑡.(A.2)

Plugging equation A.2 into A.1 and using the fact of the first-order conditions implies

(A.3)
𝐾𝑖𝑠𝑡

𝐿𝑖𝑠𝑡

=
1

1 + 𝜏𝐾𝑠𝑖

(︂
𝛼𝑠

1 − 𝛼𝑠

)︂(︂
𝑤𝑖𝑠𝑡

𝑅𝑡

)︂
,

we get

𝐿𝑖𝑠𝑡 =
𝑀𝜎−1

𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)
𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)

(︂
𝜎 − 1

𝜎

)︂𝜎 (︂
𝑅𝑡

𝛼𝑠

)︂𝛼𝑠(𝜎−1)(︂
𝑤𝑖𝑠𝑡

1 − 𝛼𝑠

)︂𝛼𝑠(𝜎−1)−𝜎

𝑋𝑠𝑡,(A.4a)

𝐾𝑖𝑠𝑡 =
𝑀𝜎−1

𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)
𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)+1

(︂
𝜎 − 1

𝜎

)︂𝜎 (︂
𝑅𝑡

𝛼𝑠

)︂𝛼𝑠(𝜎−1)−1(︂
𝑤𝑖𝑠𝑡

1 − 𝛼𝑠

)︂(𝛼𝑠−1)(𝜎−1)

𝑋𝑠𝑡.(A.4b)

We now rewrite 𝑋𝑖𝑠𝑡

(A.5) 𝑋𝑖𝑠𝑡 =
𝑀𝜎

𝑖𝑠𝑡(1 − 𝜏𝑌 𝑠𝑖)
𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠𝜎
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𝜎 − 1

𝜎
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𝑋𝑠𝑡.

Using equation A.4a and A.4b, we can rewrite 𝐿 and 𝐾

𝐿𝑠𝑡 =
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𝐿𝑖𝑠𝑡

𝐿𝑠𝑡 = 𝑋𝑠𝑡

∑︁
𝑖∈[1,𝐼𝑠]

𝑀𝜎−1
𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)

𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)

(︂
𝜎 − 1

𝜎

)︂𝜎 (︂
𝑅𝑡

𝛼𝑠

)︂𝛼𝑠(𝜎−1)(︂
𝑤𝑖𝑠𝑡

1 − 𝛼𝑠

)︂𝛼𝑠(𝜎−1)−𝜎

(A.6a)
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𝐾𝑠𝑡 =
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(A.6b)

Plugging equations A.6a and A.6b into the definition of TFP, we get
(A.7)
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Finally using equation A.5, we have
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Substituting equation right hand side of A.8 in equation A.7, we get equation 2.2.

1.2. Decomposition of Aggregate TFP. Under the central limit theorem, as 𝐼𝑠 → ∞,
equation 2.6 becomes
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log
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𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)+1
𝑑𝑖− (1 − 𝛼𝑠) log

∫︁ ∞

𝑖=1

𝑀𝜎−1
𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)

𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)
𝑑𝑖

Assuming that 𝑀𝑖𝑠𝑡, 1 − 𝜏𝑌 𝑖𝑠 and 1 − 𝜏𝐾𝑖𝑠 are log normal multivariate, we have

log

∫︁ ∞

𝑖=1

(︂
𝑀𝑖𝑠𝑡(1 − 𝜏𝑌 𝑠𝑖)

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠

)︂𝜎−1

𝑑𝑖

= (𝜎−1)𝐸[log𝑀𝑖𝑠𝑡]+
(𝜎 − 1)2

2
𝑣𝑎𝑟[log𝑀𝑖𝑠𝑡]+(𝜎−1)𝐸[log(1−𝜏𝑌 𝑖𝑠)]+

(𝜎 − 1)2

2
𝑣𝑎𝑟[log(1−𝜏𝑌 𝑖𝑠)]

−𝛼𝑠(𝜎−1)𝐸[log(1+𝜏𝐾𝑖𝑠)]+
(𝜎 − 1)2𝛼2

𝑠

2
𝑣𝑎𝑟[log(1+𝜏𝐾𝑖𝑠)]+(𝜎−1)2𝑐𝑜𝑣[log𝑀𝑖𝑠𝑡, log(1−𝜏𝑌 𝑖𝑠)]

− 𝛼𝑠(𝜎 − 1)2𝑐𝑜𝑣(log𝑀𝑖𝑠𝑡, log(1 + 𝜏𝐾𝑖𝑠)) − 𝛼𝑠(𝜎 − 1)2𝑐𝑜𝑣[log(1 + 𝜏𝐾𝑖𝑠). log(1 − 𝜏𝑌 𝑖𝑠)]
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log

∫︁ ∞

𝑖=1

𝑀𝜎−1
𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)

𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)+1
𝑑𝑖

= (𝜎 − 1)𝐸[log𝑀𝑖𝑠𝑡] +
(𝜎 − 1)2

2
𝑣𝑎𝑟[log𝑀𝑖𝑠𝑡] + 𝜎𝐸[log(1 − 𝜏𝑌 𝑖𝑠)] +

𝜎2

2
𝑣𝑎𝑟[log(1 − 𝜏𝑌 𝑖𝑠)]

−[1+𝛼𝑠(𝜎−1)𝐸[log(1+𝜏𝐾𝑖𝑠)]+
1 + (𝜎 − 1)2𝛼2

𝑠

2
𝑣𝑎𝑟[log(1+𝜏𝐾𝑖𝑠)]+(𝜎−1)𝜎𝑐𝑜𝑣[log𝑀𝑖𝑠𝑡, log(1−𝜏𝑌 𝑖𝑠)]

−(𝜎−1)(1+𝛼𝑠(𝜎−1))𝑐𝑜𝑣(log𝑀𝑖𝑠𝑡, log(1+𝜏𝐾𝑖𝑠))−𝜎(1+𝛼𝑠(𝜎−1))𝑐𝑜𝑣[log(1+𝜏𝐾𝑖𝑠). log(1−𝜏𝑌 𝑖𝑠)]

log

∫︁ ∞

𝑖=1

𝑀𝜎−1
𝑖𝑠𝑡 (1 − 𝜏𝑌 𝑠𝑖)

𝜎

(1 + 𝜏𝐾𝑠𝑖)𝛼𝑠(𝜎−1)
𝑑𝑖

= (𝜎 − 1)𝐸[log𝑀𝑖𝑠𝑡] +
(𝜎 − 1)2

2
𝑣𝑎𝑟[log𝑀𝑖𝑠𝑡] + 𝜎𝐸[log(1 − 𝜏𝑌 𝑖𝑠)] +

𝜎2

2
𝑣𝑎𝑟[log(1 − 𝜏𝑌 𝑖𝑠)]

−𝛼𝑠(𝜎−1)𝐸[log(1+𝜏𝐾𝑖𝑠)]+
(𝜎 − 1)2𝛼2

𝑠

2
𝑣𝑎𝑟[log(1+𝜏𝐾𝑖𝑠)]+(𝜎−1)𝜎𝑐𝑜𝑣[log𝑀𝑖𝑠𝑡, log(1−𝜏𝑌 𝑖𝑠)]

− (𝜎 − 1)2𝛼𝑠𝑐𝑜𝑣(log𝑀𝑖𝑠𝑡, log(1 + 𝜏𝐾𝑖𝑠)) − 𝜎𝛼𝑠(𝜎 − 1))𝑐𝑜𝑣[log(1 + 𝜏𝐾𝑖𝑠). log(1 − 𝜏𝑌 𝑖𝑠)]

Plugging these equations above into equation A.9, we have

(A.10) log 𝑇𝐹𝑃𝑠𝑡 = 𝐸 log𝑀𝑖𝑠𝑡 +
𝜎 − 1

2
𝑣𝑎𝑟 log𝑀𝑖𝑠𝑡 −

𝜎

2
𝑣𝑎𝑟[log(1 − 𝜏𝑌 𝑖𝑠)]

− 𝛼𝑠 + 𝛼2
𝑠(𝜎 − 1)

2
𝑣𝑎𝑟[log(1 + 𝜏𝐾𝑖𝑠)] + 𝛼𝑠𝜎𝑐𝑜𝑣[log(1 + 𝜏𝑌 𝑖𝑠), log(1 + 𝜏𝐾𝑖𝑠)].

Note that the first two arguments are

(A.11) 𝐸 log𝑀𝑖𝑠𝑡 +
𝜎 − 1

2
𝑣𝑎𝑟 log𝑀𝑖𝑠𝑡 =

1

𝜎 − 1
log

∑︁
𝑖∈[1,𝐼𝑠]

𝑀𝑖𝑠𝑡.

Thus we obtain equation 2.7.

1.3. The efficient allocation. This appendix derives expressions for frictionless output,
𝑌 𝑀
𝑡 , and the corresponding capital share, 𝛼𝑀 . Total output is

(A.12) 𝑌 𝑀
𝑡 = max

𝐾𝑖𝑠𝑡,𝐿𝑖𝑠𝑡

∏︁
𝑠∈𝑆

[︃∑︁
𝑖∈𝐼𝑠

(︀
𝑀𝑖𝑠𝑡𝐾

𝛼𝑖
𝑖𝑠𝑡𝐿

1−𝛼𝑖
𝑖𝑠𝑡

)︀1− 1
𝜎

]︃𝜃𝑠 𝜎
𝜎−1

such that
∑︀

𝑠∈𝑆
∑︀

𝑖∈𝐼𝑠 𝐾𝑖𝑠𝑡 ≤ 𝐾𝑡 and
∑︀

𝑠∈𝑆
∑︀

𝑖∈𝐼𝑠 𝐿𝑖𝑠𝑡 ≤ 𝐿𝑡. Let 𝜆𝐾 and 𝜆𝐿 be the multipliers
on the capital and labor constraints, respectively. The first order conditions imply that

𝜃𝑠𝛼𝑖 𝑌𝑡

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂1− 1
𝜎

= 𝜆𝐾𝐾𝑖𝑠𝑡(A.13a)

𝜃𝑠(1 − 𝛼𝑖) 𝑌𝑡

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂1− 1
𝜎

= 𝜆𝐿𝐿𝑖𝑠𝑡(A.13b)

Summing this first order conditions across all plants and across capital and labor gives 𝑌𝑡 =

𝜆𝐾𝐾𝑡 +𝜆𝐿𝐿𝑡. Define 𝛼𝑀 =
𝜕 ln𝑌 𝑀

𝑡

𝜕 ln𝐾𝑡
≡ 𝜆𝐾𝐾𝑡

𝑌𝑡
so that 1−𝛼𝑀 =

𝜕 ln𝑌 𝑀
𝑡

𝜕 ln𝐾𝑡
≡ 𝜆𝐿𝐿𝑡

𝑌𝑡
and rewrite these

equations above

𝜃𝑠
𝛼𝑖

𝛼𝑀

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂1− 1
𝜎

𝐾𝑡 = 𝐾𝑖𝑠𝑡(A.14a)
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𝜃𝑠

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀

)︂(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂1− 1
𝜎

𝐿𝑡 = 𝐿𝑖𝑠𝑡(A.14b)

Combining these and using equation 2.3 gives

(A.15) 𝑀𝑖𝑠𝑡

(︁ 𝛼𝑖

𝛼𝑀
𝜃𝑠𝐾𝑡

)︁𝛼𝑖

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀
𝜃𝑠𝐿𝑡

)︂1−𝛼𝑖

= 𝑋𝑠𝑡

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂ 1
𝜎

Raising each side to the 𝜎 − 1 power and summing plants gives

(A.16)
∑︁
𝑖∈𝐼𝑠

[︃
𝑀𝑖𝑠𝑡

(︁ 𝛼𝑖

𝛼𝑀
𝜃𝑠𝐾𝑡

)︁𝛼𝑖

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀
𝜃𝑠𝐿𝑡

)︂1−𝛼𝑖

]︃𝜎−1

= 𝑋𝜎−1
𝑠𝑡

while raising each side to the 𝜃𝑠
𝜎−1

power and multiplying across industries gives equation 2.9.
Next, we start with the definition of 𝛼𝑀 and sum over first order conditions for plants’ capital

(A.17) 𝐾𝑡 =
∑︁
𝑠∈𝑆

∑︁
𝑖∈𝐼𝑠

𝐾𝑖𝑠𝑡 =
∑︁
𝑠∈𝑆

𝜃𝑠
∑︁
𝑖∈𝐼𝑠

𝛼𝑖

𝛼𝑀

(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂1− 1
𝜎

𝐾𝑡

Equation 2.2 then comes from multiplying through by 𝛼𝑀

𝐾𝑡
and the fact that

(A.18)
(︂
𝑋𝑖𝑠𝑡

𝑋𝑠𝑡

)︂ 1
𝜎

=

𝑀𝑖𝑠𝑡

(︁ 𝛼𝑖

𝛼𝑀
𝜃𝑠𝐾𝑡

)︁𝛼𝑖

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀
𝜃𝑠𝐿𝑡

)︂1−𝛼𝑖

⎧⎨⎩∑︀𝑖∈𝐼𝑠

[︃
𝑀𝑖𝑠𝑡

(︁ 𝛼𝑖

𝛼𝑀
𝜃𝑠𝐾𝑡

)︁𝛼𝑖

(︂
1 − 𝛼𝑖

1 − 𝛼𝑀
𝜃𝑠𝐿𝑡

)︂1−𝛼𝑖

]︃𝜎−1
⎫⎬⎭

1
𝜎−1

.

Note that the expressions for 𝑌 𝐸
𝑡 and 𝛼𝐸 are just special cases with 𝜃𝑠 = 1.

2. Additional figures and tables

TABLE A.1. Linkage in the Brazilian manufacturing sector

Manufacturing sector Average sector multipliers Average sector multipliers
without sector specific

Textiles 1.435 0.173
Wearing apparel 1.526 0.518
Leather and related products 1.486 0.220
Paper and paper products 1.344 0.124
Coke, refined petroleum products and nuclear fuel 1.348 0.068
Pharmaceutical products 1.205 0.166
Basic metals 1.322 0.176
Fabricated metal products 1.270 0.187
Computer, electronic and optical products 1.452 0.236
Electrical equipment 1.415 0.343
Machinery and equipment n.e.c. 1.434 0.390
Motor vehicles, trailers and semi-trailers 1.577 0.525
Other transport equipment 1.528 0.300
Other manufacturing 1.355 0.335

Note: We define average sector multipliers as the sector’s output drive to meet the change of one unit in the demand for all sectors in the
economy. Average sector multipliers are imputed at input-output relationship make byGuilhoto and Filho (2010).
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APPENDIX B

Chapter 3

1. Mathematical issues

1.1. Proof of proposition 3.1. Before, note that

𝜕𝜆𝑡

𝜕𝜅𝑡

=

(︂
𝛼2

𝛼1

)︂(︂
1 − 𝛼1 − 𝛽1

1 − 𝛼2 − 𝛽2

)︂(︂
𝜆𝑡

𝜅𝑡

)︂2

> 0(B.1)

𝜕𝑘𝑡
𝜕𝜅𝑡

=

(︂
1 − 𝛽1

𝛼1

− 1 − 𝛽2

𝛼2

)︂
𝜕𝜆𝑡

𝜕𝜅𝑡

(B.2)

as 𝛼1 > 𝛼2, then

𝜕𝑘𝑡
𝜕𝜅𝑡

{︂
> 0 𝑖𝑓 𝛽2 > 𝛽1

≤ 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.

For simplicity, define

𝐴𝑡 = 𝑀1𝑡𝜅
1−𝛼1−𝛽1
𝑡 𝜆𝛼1

𝑡 𝑘−𝛼1
𝑡 𝜑𝛽1

𝑡

and

𝐵𝑡 = 𝑀2𝑡(1 − 𝜅𝑡)
1−𝛼2−𝛽2(1 − 𝜆𝑡)

𝛼2𝑘−𝛼2
𝑡 𝜑𝛽2

𝑡 .

Thus, for equation 3.14 we can obtain

𝜕𝜑𝑡

𝜕𝜅𝑡

= 𝜏

(︂
𝜑𝑡

𝜏

)︂1/𝜖 [︂
𝛾𝐴

−1/𝜖
𝑡

𝜕𝐴𝑡

𝜕𝜅𝑡

+ (1 − 𝛾)𝐵
−1/𝜖
𝑡

𝜕𝐵𝑡

𝜕𝜅𝑡

]︂
𝜕𝜑𝑡

𝜕𝜅𝑡

= 𝜏 1−1/𝜖𝜑
1/𝜖
𝑡

[︂
𝛾𝐴

1−1/𝜖
𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝛼1

𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

− 𝛼1

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

+
𝛽1

𝜑𝑡

𝜕𝜑𝑡

𝜕𝜅𝑡

)︂
+(1 − 𝛾)𝐵

1−1/𝜖
𝑡

(︂
−1 − 𝛼2 − 𝛽2

1 − 𝜅𝑡

− 𝛼2

1 − 𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

− 𝛼2

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

+
𝛽2

𝜑𝑡

𝜕𝜑𝑡

𝜕𝜅𝑡

)︂]︂
𝜕𝜑𝑡

𝜕𝜅𝑡

=

[︂
1

𝜏 1/𝜖−1𝜑
−1/𝜖
𝑡 − 𝜑−1

𝑡

(︁
𝛽1𝛾𝐴

1−1/𝜖
𝑡 + 𝛽1(1 − 𝛾)𝐵

1−1/𝜖
𝑡

)︁]︂
[︂
𝛾𝐴

1−1/𝜖
𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝛼1

𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

− 𝛼1

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

)︂
−(1 − 𝛾)𝐵

1−1/𝜖
𝑡

(︂
1 − 𝛼2 − 𝛽2

1 − 𝜅𝑡

+
𝛼2

1 − 𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

+
𝛼2

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

)︂]︂
The first term of equation above is positive if

𝜏 1/𝜖−1𝜑
−1/𝜖
𝑡 − 𝜑−1

𝑡

(︁
𝛽1𝛾𝐴

1−1/𝜖
𝑡 + 𝛽1(1 − 𝛾)𝐵

1−1/𝜖
𝑡

)︁
> 0

𝜑𝑡 > 𝜏
(︁
𝛽1𝛾𝐴

1−1/𝜖
𝑡 + 𝛽1(1 − 𝛾)𝐵

1−1/𝜖
𝑡

)︁ 𝜖
𝜖−1

,
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and the second term is positive if

𝛾𝐴
1−1/𝜖
𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝛼1

𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

− 𝛼1

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

)︂
−(1 − 𝛾)𝐵

1−1/𝜖
𝑡

(︂
1 − 𝛼2 − 𝛽2

1 − 𝜅𝑡

+
𝛼2

1 − 𝜆𝑡

𝜕𝜆𝑡

𝜅𝑡

+
𝛼2

𝑘𝑡

𝜕𝑘𝑡
𝜕𝜅𝑡

)︂
> 0

𝛾𝐴
1−1/𝜖
𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝜕𝜆𝑡

𝜕𝜅𝑡

(︂
(1 − 𝛼2 − 𝛽2)𝛼

2
1

(1 − 𝛼1 − 𝛽1)𝛼2𝜆𝑡 + (1 − 𝛼2 − 𝛽2)𝛼1(1 − 𝜆𝑡)𝜆𝑡

)︂)︂
−(1 − 𝛾)𝐵

1−1/𝜖
𝑡

(︂
1 − 𝛼2 − 𝛽2

1 − 𝜅𝑡

+

𝜕𝜆𝑡

𝜕𝜅𝑡

(︂
(1 − 𝛼1 − 𝛽1)𝛼

2
2

(1 − 𝛼1 − 𝛽1)𝛼2𝜆𝑡(1 − 𝜆𝑡) + (1 − 𝛼2 − 𝛽2)(1 − 𝜆𝑡)2𝜆𝑡

𝛼1

)︂)︂
> 0

We see the extreme points for 𝜅. Assume that 𝜅* = 1, thus these inequalities can rewrite as

𝜑𝑡 > 𝜏

(︂
𝛽1𝛾

(︁
𝑀1𝑡𝑘

*−𝛼1𝜑𝛽1
𝑡

)︁1−1/𝜖
)︂ 𝜖

𝜖−1

𝜑𝑡 > 𝜑1 =
[︁
𝜏𝑀1𝑡𝑘

*−𝛼1 (𝛽1𝛾)
𝜖−1
𝜖

]︁ 1
1−𝛽1(B.3)

𝛾
(︁
𝑀1𝑡𝑘

*−𝛼1𝜑𝛽1
𝑡

)︁1−1/𝜖
(︂

1 − 𝛼1 − 𝛽1 +
𝜕𝜆𝑡

𝜕𝜅𝑡

(︂
(1 − 𝛼2 − 𝛽2)𝛼

2
1

(1 − 𝛼1 − 𝛽1)𝛼2

)︂)︂
> 0

𝛾
(︁
𝑀1𝑡𝑘

*−𝛼1𝜑𝛽1
𝑡

)︁1−1/𝜖

(1 − 𝛽1) > 0.(B.4)

Thus, assuming that lim𝑡→ 𝜅𝑡 = 1, if 𝜑 is sufficiently greater, thus the greater is the intensity
of resources toward the labor-intensive sector, the greater the ratio of the public good and the
aggregate capital. Note that the opposite

(︁
𝜕𝜑𝑡

𝜕𝜅𝑡
≤ 0
)︁

is true when 𝜑𝑡 ≤ 𝜑1.
Now, suppose that 𝜅* = 0, thus these inequalities can rewrite as

𝜑𝑡 < 𝜏

(︂
𝛽1(1 − 𝛾)

(︁
𝑀2𝑡𝑘

*−𝛼2𝜑𝛽2
𝑡

)︁1−1/𝜖
)︂ 𝜖

𝜖−1

𝜑𝑡 < 𝜑2 =
[︁
𝜏𝑀2𝑡𝑘

*−𝛼2 (𝛽2(1 − 𝛾))
𝜖−1
𝜖

]︁ 1
1−𝛽1(B.5)

−(1 − 𝛾)
(︁
𝑀2𝑡𝑘

*−𝛼2𝜑𝛽2
𝑡

)︁1−1/𝜖
(︂

1 − 𝛼2 − 𝛽2 +
𝜕𝜆𝑡

𝜕𝜅𝑡

(︂
(1 − 𝛼2 − 𝛽2)𝛼

2
1

(1 − 𝛼1 − 𝛽1)𝛼2

)︂)︂
< 0

−(1 − 𝛾)
(︁
𝑀2𝑡𝑘

*−𝛼2𝜑𝛽2
𝑡

)︁1−1/𝜖

(1 − 𝛽2) < 0.(B.6)

Thus, assuming that lim𝑡→ 𝜅𝑡 = 0, if 𝜑 is sufficiently smaller, thus the greater is the intensity
of resources toward the labor-intensive sector, the greater the ratio of the public good and the
aggregate capital. Note that the opposite

(︁
𝜕𝜑𝑡

𝜕𝜅𝑡
≤ 0
)︁

is true when 𝜑𝑡 ≥ 𝜑2.
For equation B.3 (B.5), if 𝜅𝑡 grows (decreases) over time, thus the ratio of the public good

and the aggregate capital increases for 𝜑 sufficiently higher (smaller) and it decreases (increases)
for 𝜑 sufficiently smaller (higher).
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1.2. Proof of proposition 3.2. For equation 3.10 we can obtain

− 1

𝜅2
𝑡

𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

=

(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2 − 𝛽2

1 − 𝛼1 − 𝛽1

)︂(︂
1 − 1

𝜖

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂− 1
𝜖
(︂
𝜕𝑋2𝑡/𝑋1𝑡

𝜕𝑀2𝑡/𝑀1𝑡

)︂
𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

= −𝜅2
𝑡

(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2 − 𝛽2

1 − 𝛼1 − 𝛽1

)︂(︂
1 − 1

𝜖

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖
(︂
𝑀1𝑡

𝑀2𝑡

)︂
𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

= −𝜅2
𝑡

(︂
1 − 𝜅𝑡

𝜅𝑡

)︂(︂
1 − 1

𝜖

)︂(︂
𝑀1𝑡

𝑀2𝑡

)︂
𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

= 𝜅𝑡 (1 − 𝜅𝑡)

(︂
1

𝜖
− 1

)︂(︂
𝑀1𝑡

𝑀2𝑡

)︂
𝜕𝜅𝑡

𝜕𝑀2𝑡/𝑀1𝑡

∝ 1 − 𝜖.(B.7)

This equation determine the effects describe in proposition 2.

1.3. Proof of proposition 3.3. For equation 3.10 we can obtain

− 1

𝜅2
𝑡

𝜕𝜅𝑡

𝜕𝜏
=

(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2 − 𝛽2

1 − 𝛼1 − 𝛽1

)︂(︂
1 − 1

𝜖

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂− 1
𝜖
(︂
𝜕𝑋2𝑡

𝜕𝜏

𝑋1𝑡

𝑋2
1𝑡

− 𝜕𝑋1𝑡

𝜕𝜏

𝑋2𝑡

𝑋2
1𝑡

)︂
𝜕𝜅𝑡

𝜕𝜏
= −𝜅2

𝑡

(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2 − 𝛽2

1 − 𝛼1 − 𝛽1

)︂(︂
1 − 1

𝜖

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖
(︂
𝜕𝑋2𝑡

𝜕𝜏

1

𝑋2𝑡

− 𝜕𝑋1𝑡

𝜕𝜏

1

𝑋1𝑡

)︂
𝜕𝜅𝑡

𝜕𝜏
= 𝜅2

𝑡

(︂
1 − 𝜅𝑡

𝜅𝑡

)︂(︂
1

𝜖
− 1

)︂(︂
𝜕𝑋1𝑡

𝜕𝜏

1

𝑋1𝑡

− 𝜕𝑋2𝑡

𝜕𝜏

1

𝑋2𝑡

)︂
𝜕𝜅𝑡

𝜕𝜏
= 𝜅𝑡 (1 − 𝜅𝑡)

(︂
𝜖− 1

𝜖

)︂(︂
𝛽1 − 𝛽2

𝜏

)︂(︂
1 +

𝜏

𝑌𝑡

𝜕𝑌𝑡

𝜕𝜏

)︂
𝜕𝜅𝑡

𝜕𝜏
∝ (𝜖− 1) (𝛽1 − 𝛽2) .(B.8)

Note that 𝜕𝑌𝑡/𝜕𝜏 ≥ 0 due to type of the public good characterized here. Equation above
determine the possible effects describe in proposition 3.3.

1.4. Proof of theorem 3.1. Consider the curve �̇�/𝑘𝑡 constant. Differentiating equation 3.10
we reach a positive relation between 𝑘 and 𝜅 along �̇�/𝑘𝑡 constant schedule,

𝜕𝜅𝑡

𝜕𝑘𝑡
=

𝛼1

𝑘𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝛼1

𝜆𝑡

𝜕𝜆𝑡

𝜕𝜅𝑡

+
𝛽1

𝜑𝑡

𝜕𝜑𝑡

𝜕𝜅𝑡

− 1

𝜂𝑡

𝜕𝜂𝑡
𝜕𝜅𝑡

)︂−1

𝜕𝜅𝑡

𝜕𝑘𝑡
=

𝛼1(1 − 𝛽1)

𝑘𝑡

(︂
1 − 𝛼1 − 𝛽1

𝜅𝑡

+
𝛼1

𝜆𝑡

𝜕𝜆𝑡

𝜕𝜅𝑡

− 1

𝜂𝑡

𝜕𝜂𝑡
𝜕𝜅𝑡

)︂−1

.(B.9)

From proof of proposition 1 and using a fact that

𝜕𝜂𝑡
𝜕𝜅𝑡

=

(︂
𝜖

𝜖− 1

)︂
𝜂
2−1/𝜖
𝑡 𝛾

(︂
1 − 𝛼1 − 𝛽1

1 − 𝛼2 − 𝛽2

)︂(︂
1

𝜅𝑡

− 1

)︂
𝜕𝜂𝑡
𝜕𝜅𝑡

∝ 𝜖− 1,

we know the previous equation is positive if 𝜖 ≤ 1. Thus, this schedule is upward in the space
(𝑘, 𝜅). In particular, the curve �̇�/𝑘 = 0 meets the 𝜅* = 1. Below this curve, we have �̇�/𝑘 < 0.
Setting 3.18 equal to zero requires

Ω(𝑘𝑡) = 0 or 𝑚1 −𝑚2 + (𝛼2 − 𝛼1)
�̇�

𝑘𝑡
+ (𝛽1 − 𝛽2)

�̇�

𝜑𝑡

= 0
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which implies either 𝜅 = 1 or (𝛼2 − 𝛼1)
�̇�

𝑘𝑡
+ (𝛽1 − 𝛽2)

�̇�

𝜑𝑡

= 𝑚2 −𝑚1. The latter case cannot

be a steady-state. Therefore the only non-trivial steady-state allocation of capital is 𝜅* = 1. In
ohter words, the relevant �̇�/𝑘𝑡 = 0 schedule that determines the steady-state is the horizontal
line 𝜅 = 1 in the space (𝑘, 𝜅). Since the �̇�/𝑘𝑡 is constant schedule is strictly increasing in 𝑘
there exists a unique (non-trivial) steady given by equation 3.17.

The growth rates of asymptotically dominant sector are derived by combining the steady
state solutions and the growth rates of the exogenous variables with 𝜅, 𝑘, and 𝜂. The growth
rates for sector 2 are given by the solution of the system of three equations on the growth rates
by equations 3.3, 3.5, and 3.6.

(B.10)
[︂
�̇�
�̇�

]︂
=

[︃
𝜕�̇�
𝜕𝑘𝑡

(𝑘 = 𝑘*, 𝜅 = 1) 𝜕�̇�
𝜕𝜅𝑡

(𝑘 = 𝑘*, 𝜅 = 1)
𝜕�̇�
𝜕𝑘𝑡

(𝑘 = 𝑘*, 𝜅 = 1) 𝜕�̇�
𝜕𝜅𝑡

(𝑘 = 𝑘*, 𝜅 = 1)

]︃[︂
𝑘 − 𝑘*

𝜅− 1

]︂
,

where

𝜕�̇�

𝜕𝑘𝑡
=

𝑐*

𝑘* > 0,(B.11)

𝜕�̇�

𝜕𝜅𝑡

= 𝛼1 (𝛿 + 𝑛)

(︂
𝜕𝜅𝑡

𝜕𝑘𝑡
− 1

)︂
+

𝑐*

𝑘*

(︂
𝛼1

𝜕𝜅𝑡

𝜕𝑘𝑡
+ 1 − 𝛼1

)︂
,(B.12)

𝜕�̇�

𝜕𝑘𝑡
= 0,(B.13)

𝜕�̇�

𝜕𝜅𝑡

< 0.(B.14)

It follows that the determinant of the Jacobian is positive and its trace negative. As a result
the linear system has two negative eigenvalues and the steady state associated with this CGP
is locally stable. The assumption 3.1 imply that the determinant of the Jacobian would be
negative and therefore the steady state exhibits the saddlepoint property. Nonetheless, the
steady state under evaluation 𝜅* = 𝜆* = 1 was characterized under the assumption that
sector 1 is asymptotically dominant one. When one reverses labor intensities one changes
the asymptotically dominant sector and therefore the stability properties of the steady state
characterized under the initial ranking of factor intensities. Global analysis using arrows shows
that paths converging to the steady state (𝑘*, 𝜅*) can display non-monotone behavior.

1.5. Stability dynamic - Assumption 3.3. We determine here the dynamic stability of the
basic framework. Equations 3.15, 3.16, 3.17, 3.18, and 3.19 can rewrite as

�̇� = 𝑓(𝑥),

where 𝑥 = [𝐶 𝑘 𝜅]′. For investigation the dynamic stability in neighborhood of steady state,
we consider a linear system

�̇� = 𝐽*(𝑥)𝑧,

where 𝑧 ≡ 𝑥 − 𝑥*, 𝑥* such that 𝑓(𝑥*) = 0 and 𝐽(𝑥*) is Jacobian’s matrix of 𝑓(𝑥) when they
assume 𝑥* values. However, we obtain

𝐽(𝑥) =

⎡⎣𝑎𝑐𝑐 𝑎𝑐𝑘 𝑎𝑐𝜅
𝑎𝑘𝑐 𝑎𝑘𝑘 𝑎𝑘𝜅
𝑎𝜅𝑐 𝑎𝜅𝑘 𝑎𝜅𝜅

⎤⎦ ,

where 𝑎𝑐𝑐 = 𝑎𝜅𝑐 = 0. This fact implies that 𝑑𝑒𝑡 (𝐽(𝑥*)) = 𝑎𝑘𝑐(𝑎𝜅𝑘𝑎𝑐𝜅 − 𝑎𝜅𝜅𝑎𝑐𝑘). Moreover,
given a

𝑎𝑘𝑐 = − 1

𝑘* < 0,
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thus the dynamic stability would depend fundamentally by 𝜅*. If 𝜅* = 1, thus 𝑎𝜅𝑘 = 0 because
Ω(1) = 0 and

𝑎𝑐𝑘 = −1

𝜃
𝛼1(1 − 𝛼1 − 𝛽1)𝛾

𝜖
𝜖−1 (𝜏𝐴1)

𝛽1
1−𝛽1 (1 − 𝜏)1+

1
𝜖

1

𝑘*1+𝛼1
< 0,

𝑎𝜅𝜅 = −

[︃
1

1
𝜖−1

+ 𝛽1

]︃[︃
𝑚1 −𝑚2 + (𝛼2 − 𝛼1)

�̇�

𝑘𝑡
+ (𝛽1 − 𝛽2)

�̇�

𝜑𝑡

]︃
According to assumption 3.3, there is a stability equilibrium if the determinant of 𝐽(𝑥*) is
positive. This fact is true if 𝑎𝜅𝜅 < 0, thus 𝑚1 > 𝑚2 and 𝜖 < 1 − 1/𝛽1 or 𝑚1 < 𝑚2 and
𝜖 > 1 − 1/𝛽1. Observe that if 𝛽1 = 𝛽2 = 0, we have that the conditions of the dynamic
stability are identical to obtained by Acemoglu and Guerrieri (2008). However, if 𝛽1 ̸= 𝛽2,
these conditions are less restricted. We can be a stability equilibrium without necessarily impose
some degree of complementaries. This result differ to presented by others authors as Acemoglu
and Guerrieri (2008) and Ngai and Pissarides (2007). We has also conditions less restricted on
the technological gap between sectors in the work developed here.

1.6. Proof of proposition 3.4. Maximize the profit of intermediate good firm,

(1 − 𝜏𝑠)𝑃𝑠𝑡𝑋𝑠𝑡 −𝑅𝑡𝐾𝑠𝑡 − 𝑤𝑡𝐿𝑠𝑡,

in 𝜏𝑠 we get

−𝑃𝑠𝑡𝑋𝑠𝑡 + (1 − 𝜏𝑠)

(︂
𝜕𝑃𝑠𝑡

𝜕𝜏
𝑋𝑠𝑡 +

𝜕𝑋𝑠𝑡

𝜕𝜏
𝑃𝑠𝑡

)︂
= 0.(B.15)

In addition, we can obtain

𝜕𝑋𝑠𝑡

𝜕𝜏
=

𝛽𝑠𝑋𝑠𝑡

𝜏
𝜕𝑃𝑠𝑡

𝜕𝜏
= −1

𝜖
𝑃𝑠𝑡

(︂
𝜕𝑋𝑠𝑡

𝜕𝜏

1

𝑋𝑠𝑡

− 𝜕𝑌𝑡

𝜕𝜏

1

𝑌𝑡

)︂
𝜕𝑌𝑡

𝜕𝜏
=

1

𝜏
(𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡) .

Thus, rewrite equation B.15

−𝑃𝑠𝑡𝑋𝑠𝑡 + (1 − 𝜏𝑠)

(︂
−1

𝜖
𝑃𝑠𝑡𝑋𝑠𝑡

(︂
𝜕𝑋𝑠𝑡

𝜕𝜏

1

𝑋𝑠𝑡

− 𝜕𝑌𝑡

𝜕𝜏

1

𝑌𝑡

)︂
+

𝜕𝑋𝑠𝑡

𝜕𝜏
𝑃𝑠𝑡

)︂
= 0

−𝑃𝑠𝑡𝑋𝑠𝑡 + (1 − 𝜏𝑠)

(︂
−1

𝜖
𝑃𝑠𝑡𝑋𝑠𝑡

(︂
𝛽𝑠

𝜏
− 𝜕𝑌𝑡

𝜕𝜏

1

𝑌𝑡

)︂
+

𝛽𝑠𝑃𝑠𝑡𝑋𝑠𝑡

𝜏

)︂
= 0

−1 + (1 − 𝜏𝑠)

(︂
−1

𝜖

(︂
𝛽𝑠

𝜏
− 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

𝜏𝑌𝑡

)︂
+

𝛽𝑠

𝜏

)︂
= 0

𝜏𝑠
1 − 𝜏𝑠

= 𝛽𝑠

(︂
1 − 1

𝜖

)︂
+

𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

𝜖𝑌𝑡

𝜏𝑠 =
𝛽𝑠 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

(𝜖 + 𝛽𝑠 (𝜖− 1))𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

.(B.16)

Assume that 𝜏1 > 𝜏2. Thus, from equation above we necessarily necessity

𝜕𝑃1𝑡

𝜕𝜏

1

𝑃1𝑡

+
𝜕𝑋1𝑡

𝜕𝜏

1

𝑋1𝑡

<
𝜕𝑃2𝑡

𝜕𝜏

1

𝑃2𝑡

+
𝜕𝑋2𝑡

𝜕𝜏

1

𝑋2𝑡

,(B.17)
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or otherwise

𝛽1 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

(𝜖 + 𝛽1 (𝜖− 1))𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

>
𝛽2 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

(𝜖 + 𝛽2 (𝜖− 1))𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

(𝛽1 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡) 𝜖 > 𝜖 (𝛽2 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡)

𝛽1 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡 > 𝛽2 (𝜖− 1)𝑌𝑡 + 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

𝛽1 (𝜖− 1)𝑌𝑡 > 𝛽2 (𝜖− 1)𝑌𝑡

𝛽1 > 𝛽2.(B.18)

The opposite is true when 𝜏1 ≤ 𝜏2.

1.7. Proof of proposition 3.5. Maximize the profit of final good firm,

𝑌𝑡 − 𝑃1𝑡𝑋1𝑡 − 𝑃2𝑡𝑋2𝑡,

in 𝜏 we get

𝜕𝑌𝑡

𝜕𝜏
− 𝜕𝑃1𝑡

𝜕𝜏
𝑋1𝑡 −

𝜕𝑋1𝑡

𝜕𝜏
𝑃1𝑡 −

𝜕𝑃2𝑡

𝜕𝜏
𝑋2𝑡 −

𝜕𝑋2𝑡

𝜕𝜏
𝑃2𝑡 = 0

𝜕𝑌𝑡

𝜕𝜏
+

1

𝜖
𝑃1𝑡𝑋1𝑡

(︂
𝜕𝑋1𝑡

𝜕𝜏

1

𝑋1𝑡

− 𝜕𝑌𝑡

𝜕𝜏

1

𝑌𝑡

)︂
− 𝜕𝑋1𝑡

𝜕𝜏
𝑃1𝑡

+
1

𝜖
𝑃2𝑡𝑋2𝑡

(︂
𝜕𝑋2𝑡

𝜕𝜏

1

𝑋2𝑡

− 𝜕𝑌𝑡

𝜕𝜏

1

𝑌𝑡

)︂
− 𝜕𝑋2𝑡

𝜕𝜏
𝑃2𝑡 = 0

𝜕𝑌𝑡

𝜕𝜏

(︂
1 − 𝑃1𝑡𝑋1𝑡

𝜖𝑌𝑡

− 𝑃2𝑡𝑋2𝑡

𝜖𝑌𝑡

)︂
−
(︂

1 − 1

𝜖

)︂
𝜕𝑋1𝑡

𝜕𝜏
𝑃1𝑡 −

(︂
1 − 1

𝜖

)︂
𝜕𝑋2𝑡

𝜕𝜏
𝑃2𝑡 = 0

𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡

𝜏

(︂
1 − 𝑃1𝑡𝑋1𝑡

𝜖𝑌𝑡

− 𝑃2𝑡𝑋2𝑡

𝜖𝑌𝑡

)︂
−
(︂

1 − 1

𝜖

)︂
𝛽1𝑃1𝑡𝑋1𝑡

𝜏
−
(︂

1 − 1

𝜖

)︂
𝛽2𝑃2𝑡𝑋2𝑡

𝜏
= 0

− (𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡)

(︂
𝑃1𝑡𝑋1𝑡

𝑌𝑡

+
𝑃2𝑡𝑋2𝑡

𝑌𝑡

)︂
+ 𝛽1𝑃1𝑡𝑋1𝑡 + 𝛽2𝑃2𝑡𝑋2𝑡 = 0

𝑃1𝑡𝑋1𝑡 + 𝑃2𝑡𝑋2𝑡 = 𝑌𝑡.

Thus, there is a parameter 𝜏 * that implicitly satisfies equation above, where the public good is
provisioned and the prices are determined by the static equilibrium.

1.8. Proof of proposition 3.7. For equation 3.34 we can obtain

− 1

𝜅2
𝑡

𝜕𝜅𝑡

𝜕𝜏𝑌 1/𝜏𝑌 2

= −
(︂

(1 − 𝜏𝑌 2)(−𝜏𝑌 2)

(1 − 𝜏𝑌 1)2

)︂(︂
1 + 𝜏𝐾1

1 + 𝜏𝐾2

)︂(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2

1 − 𝛼1

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖

𝜕𝜅𝑡

𝜕𝜏𝑌 1/𝜏𝑌 2

= −𝜅2
𝑡

(︂
𝜏𝑌 2

1 − 𝜏𝑌 1

)︂(︂
1 − 𝜅𝑡

𝜅𝑡

)︂
𝜕𝜅𝑡

𝜕𝜏𝑌 1/𝜏𝑌 2

= −𝜅𝑡(1 − 𝜅𝑡)

(︂
𝜏𝑌 2

1 − 𝜏𝑌 1

)︂
≤ 0.(B.19)
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We also can obtain that

− 1

𝜅2
𝑡

𝜕𝜅𝑡

𝜕𝜏𝐾1/𝜏𝐾2

=

(︂
1 − 𝜏𝑌 2

1 − 𝜏𝑌 1

)︂(︂
(1 + 𝜏𝐾1)(𝜏𝐾2)

1 + 𝜏𝐾2

)︂(︂
1 − 𝛾

𝛾

)︂(︂
1 − 𝛼2

1 − 𝛼1

)︂(︂
𝑋2𝑡

𝑋1𝑡

)︂1− 1
𝜖

𝜕𝜅𝑡

𝜕𝜏𝐾1/𝜏𝐾2

= −𝜅2
𝑡 𝜏𝐾2

(︂
1 − 𝜅𝑡

𝜅𝑡

)︂
𝜕𝜅𝑡

𝜕𝜏𝐾1/𝜏𝐾2

= −𝜅𝑡(1 − 𝜅𝑡)𝜏𝐾2 ≤ 0.(B.20)

2. Characterization of parameters

The theoretical framework will be calibrated to the parameters of the Brazilian
manufacturing sector. We seek with this to ascertain whether the proposal explains the
theoretical characterization proposed in figures 3.1 and 3.2. For this, we use firm-level data
from the National Survey of Industries constructed by the Brazilian Institute of Geography and
Statistics between 1996 and 2011. This survey obtains information on the economic situation
at the firm-level in the manufacturing sector. This information includes employees, wages
and salaries, revenues, costs and expenses, investment, depreciation, output and intermediate
consumption. We use the perpetual inventory method to estimate gross fixed capital stock at
the firms, where initial capital stocks are computed from reported depreciation and investment
in the first observation. In addition, the capital stock was deflated by the Brazilian general price
index. Labor remuneration is annual wages paid to blue and white-collar workers and adjusted
by the operation days of each firm. The value added was defined as the industrial gross values
of output deducting the industrial operating cost. Therefore, wages and value added were also
deflated by the Brazilian general price index. Moreover, we were reclassified firms using the
International Standard Industries Classification (ISIC) Code Rev 3.1 at the 4-digit level. Finally,
we excluded the top 1% of firms by production in each sector-time, and we excluded the bottom
1% of firms by production.

Table 3.1 presents some characteristics of each sector in the Brazilian manufacturing sector,
on average, between 1996 and 2011. In this table, the ratio of wages and value added varies
widely among sectors. Taxation also changes but on a smaller scale. The manufacture
of food products has the largest share of firms, employees, and export products. The tax
represented 7.6% of the value added in this sector. However, this was 28.7% of the total tax
paid by the manufacturing sector. Manufactures of chemicals and chemical products are the
largest importers. Finally, the manufacture of coke and refined petroleum products is more
concentrated and has the lowest labor intensity. However, it has the second highest aggregate
value in the aggregate manufacturing sector.

The model presented in section 2 is characterized by ten parameters
{𝜌, 𝛿, 𝜃, 𝛾, 𝜖, 𝛼1, 𝛼2, 𝛽1, 𝛽2, 𝜏} and six initial conditions {𝐾0, 𝐿0,𝑀1,0,𝑀2,0, 𝐾10, 𝐿10}.
First, we reclassify the sector by the labor share. For this, we consider the labor share equal the
wage and value added rate similar to Acemoglu and Guerrieri (2008). Thus, the sector could be
separated into two groups. We employ the variables in current values for this reclassification,
and it accounts for each sector by the weighted average of product. Thus, table 3.1 presented,
this classification. For this table, note that 𝛼1 = 0.321 and 𝛼2 = 0.200 are computed by the
average the respective sectors. We define 1996 as the initial time and 𝑋𝑠𝑡 as the real value
added for each sector of the intermediate good. These goods has the price 𝑃𝑠𝑡 for each sector.
We adopt 0.02 as the value for the discount rate, and the depreciation rate is 0.05.

We adopt the public good as the total expenditure of government with infrastructure, health
and public education because these expenses increase the productivity of inputs. For the
Brazilian economy, this expenditure was obtained from the data of the Government Financial
Statistic of the International Monetary Fund. Furthermore, the effect of the public good on
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the production of each sector is not perfectly observable and it may still be subject to some
measurement error1. Thus, we can measure the observable part of the provision of the public
good, 𝐺𝑡. Then, 𝐺0 will be represented by data for 1996 for calibration. The tax rate 𝜏 is
assigned values from the mean ratio of tax among the sectors described in table 3.1.

The parameters 𝛽1 and 𝛽2 are another problem because the necessity for the public good
is an unobservable variable. In the theoretical framework we have found that the production
function of the firm implies that

𝛽𝑠 =
𝜕𝑋𝑠𝑡

𝜕𝐺𝑡

𝐺𝑡

𝑋𝑠𝑡

.

Thus, the problem consists of identifying 𝜕𝑋𝑠𝑡/𝜕𝐺𝑡 that is different between sectors. Table
3.1 presents that the mean ratio of tax/value added, which differs across sectors. Thus, from
the production function of each sector, the firm-level data of the Brazilian manufacturing sector
and the restriction of values 𝛼1 and 𝛼2 we estimate the system of each sector 𝑠

log𝑋𝑠𝑡 = log𝑀𝑠𝑡 + (1 − 𝛼𝑠 − 𝛽𝑠) log𝐾𝑠𝑡 + 𝛼𝑠 log𝐿𝑠𝑡 + 𝛽𝑠 log𝐺𝑡.

Therefore, we obtain that 𝛽1 = 0.114 and 𝛽2 = 0.198. Thus, the capital-intensive manufacturing
sector in Brazil would also be public good intensive. In an economy where the worker is
unskilled and the public infrastructure is deficient, this inference seems reasonable. Clearly this
is not a perfect measure of the necessity for the public good. However, there are no instruments
to perfectly measure the effect of this good on the production in each sector. Furthermore, this
type of expenditure may involve multiplier effects, and also consists of unobservable variables
(Jones, 2011). Another important calibration parameter is the elasticity of substitution between
sectors. For equation 3.8, we obtain

log

(︂
𝑃1𝑡𝑋1𝑡

𝑃2𝑡𝑋2𝑡

)︂
= log

(︂
𝛾

1 − 𝛾

)︂
+

(︂
1 − 1

𝜖

)︂
log

(︂
𝑋1𝑡

𝑋2𝑡

)︂
.

Thus, from the firm-level data, we know 𝜖 and 𝛾. The definition of 𝜅𝑡 implies that 𝜅0 = 𝐾1,0/𝐾0

and by the same mode, we obtain 𝜆0. The initial conditions 𝐾0 and 𝐿0 are imputed from the
firm-level data. For a given 𝐾1,0, 𝐾2,0, 𝑋1,0 and 𝑋2,0 and employing equation 3.3, we can
determine 𝑀1,0 and 𝑀2,0.

Finally, table 3.2 presents the parameters and initial conditions used in the calibration of
chapter 3.

3. Additional figures and tables

1For example, imagine that the value added generated by skilled worker is much higher in terms of product than the
expenditure per worker for the provision of the public education. Therefore, the effect of this public good would
be underestimated. Another possible measurement error would be embedded in the mode of that public goods are
measured because public education, health and infrastructure affect the stock more than the flow.
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FIGURE B.1. Facts of industry IV

Note: X1/X2 is the real output ratio of high to low labor intensity sectors, and PX1/PX2 is the nominal output ratio of high to low labor
intensity sectors, Growth value added is the real growth of total manufacturing sector. We use the Industrial Statistics Database of the United
Nations Industrial Development Organization for the aggregate database.

FIGURE B.2. Facts of industry V

Note: The parameter kappa represents the capital stock of the labor-intensive sector to the aggregate capital stock. The parameter lambda
represent the labor allocated in the labor-intensive sector to the aggregate labor factor. We use the Industrial Statistics Database of the United
Nations Industrial Development Organization for the aggregate database.
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FIGURE B.3. Facts of industry VI

(a) Industrialized economies (b) Brazilian firm-level
Note: Export ratio is the exported product ratio of high to low labor intensity sectors, and Import ratio is the imported input ratio of high

to low labor intensity sectors. We use the National Survey of Industries constructed by the Brazilian Institute of Geography and Statistics for
the firm-level data and the Industrial Statistics Database of the United Nations Industrial Development Organization for the aggregate database.
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APPENDIX C

Chapter 4

1. The Competitive Industrial Performance index

The Competitive Industrial Performance index (CIP) benchmarks competitive industrial
activity at the country level the backdrop of liberalization and globalization. As this is difficult
to do using one indicator, a combination of four variables, CIP Indicators, is used to capture
different aspects of competitive performance.The CIP Index was constructed in four steps:

(1) After calculating the six base CIP indicators
(a) Manufacturing value added per capita (𝑀𝑉𝐴𝑝𝑐)
(b) Manufactured Export per capita (𝑀𝑋𝑝𝑐)
(c) Industrialization Intensity (𝐼𝐼𝑛𝑡)

(i) Share of MVA in GDP (𝑀𝑉𝐴𝑠ℎ)
(ii) Share of Medium- and High-tech Value Added in total Manufacturing

(𝑀𝐻𝑉𝐴𝑠𝐻)
(d) Manufacturing Export Quality (𝑀𝑋𝑞)

(i) Share of Manufactured Exports in total Merchandized Exports (𝑀𝑋𝑠ℎ)
(ii) Share of Medium- and High-tech Exports in manufactured exports

(𝑀𝐻𝑋𝑠ℎ)
The core- and full set was selected on the basis of cross-bench years.

(2) The CIP component variables were calculated. The Industrialization Intensity by
calculation the arithmetic mean of the base CIP indicators 𝑀𝑉𝐴𝑠ℎ and 𝑀𝐻𝑉𝐴𝑠ℎ:

𝐼𝐼𝑛𝑡𝑖,𝑗 =
𝑀𝑉𝐴𝑠ℎ𝑖,𝑗 + 𝑀𝐻𝑉𝐴𝑠ℎ𝑖,𝑗

2
,

for the 𝑖-country and 𝑗-year. As well as the 𝑀𝑋𝑞 by calculating the arithmetic mean
of base CIP Indicators 𝑀𝑋𝑠ℎ and 𝑀𝐻𝑋𝑠ℎ

𝑀𝑋𝑞𝑖,𝑗 =
𝑀𝑋𝑠ℎ𝑖,𝑗 + 𝑀𝐻𝑋𝑠ℎ𝑖,𝑗

2
,

for the 𝑖-country and 𝑗-year.
(3) The 𝑘 individual four indices of the above CIP indicators 𝐼𝑘𝑖,𝑗 for 𝑖-country and 𝑗-year

were standardized in the range of [0, 1] according to the formula:

𝐼𝑘𝑖,𝑗 =
𝑋𝑖,𝑗 − min𝑖 𝑋

𝑘
𝑖,𝑗

min𝑖 𝑋𝑘
𝑖,𝑗 − max𝑖 𝑋𝑘

𝑖,𝑗

whereas 𝑋𝑘
𝑖,𝑗 is the 𝑖-country value for the period 𝑗 of 𝑘-performance variables.

Therefore the highest country value is mapped to the value of 1 and the lowest value is
mapped to 0.

(4) Using the standardized values of the 4 performance indicators (a), (b), (c), (d), the final
CIP index was constructed by calculating the arithmetic mean of the four sub-index
created in (3).

(C.1) 𝐶𝐼𝑃𝑖𝑗 =
1

4

4∑︁
𝑘=1

𝐼𝑘𝑖,𝑗.
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2. The check of mechanical serial correlation

We estimate 5-year relationship between international competition and output growth rate
in this section. We compute variables over non-overlapping periods and in particular 5-years
variables are computed over the periods 1991-1995, 1996-2000, 2001-2005, and 2006-2010.
Given the somewhat measurement error prone nature of the data, we perceive this sample
segmentation as a conservative approach. According Bond et al. (2010), by employing this
segmentation approach we are able to exclude issues of mechanical serial correlation present
in a moving average setting. Tables C.1 and C.2 respectively reproduces tables 4.1 and 4.2 for
the sample segmentation. In general, the basic results not significantly change which we use all
controls. But the effect of the exchange rate change over direction in some estimates.
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TABLE C.1. Basic results II

𝜎 CIP

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

Panel A: OLS Panel with fixed effect (industry-country)
competition_index 0.011 0.060 0.016 0.008 0.068 0.861*** 1.253*** 1.013*** 0.901*** 1.289***

(0.0407) (0.0412) (0.0407) (0.0407) (0.0418) (0.2087) (0.2152) (0.2207) (0.2079) (0.2365)
competition_index2 0.012 -0.029 0.010 0.015 -0.028 -2.786*** -3.730*** -3.220*** -2.850*** -4.017***

(0.0318) (0.0322) (0.0318) (0.0318) (0.0330) (0.6860) (0.7471) (0.7434) (0.6817) (0.8373)
exchange 0.168** -0.171*** 0.156** 0.180** 0.029 0.104 -0.189*** 0.078 0.122* -0.043

(0.0704) (0.0552) (0.0705) (0.0725) (0.0720) (0.0702) (0.0561) (0.0702) (0.0726) (0.0720)
dlGDP -0.222** -0.520*** -0.294*** -0.607***

(0.1089) (0.1112) (0.1102) (0.1109)
hc -0.095*** 0.100*** -0.064* 0.066***

(0.0362) (0.0215) (0.0372) (0.0229)
Observations 10,627 10,627 10,618 10,147 10,147 10,819 10,819 10,810 10,336 10,336
Number of id 3,294 3,294 3,291 3,134 3,134 3,294 3,294 3,291 3,134 3,134
Year FE Yes No Yes Yes No Yes No Yes Yes No
r2_o 0.113 0.0896 0.114 0.108 0.0908 0.111 0.0926 0.112 0.106 0.0937

Panel B: GMM Panel
competition_index -0.117 -0.129*** -0.185 -0.268 -0.138* 0.001 -0.006 -0.050 -0.010 -0.064

(0.1239) (0.0502) (0.1138) (0.2350) (0.0732) (0.2180) (0.1569) (0.4572) (0.4099) (0.3330)
competition_index2 0.169 0.127 0.268 0.410 0.158* -0.594 -0.239 -0.289 -0.284 0.213

(0.2028) (0.0786) (0.2257) (0.3473) (0.0878) (2.7309) (0.5196) (1.4535) (1.9440) (1.2488)
exchange -1.587*** -0.956*** -1.136** -1.592** -0.750*** -0.331 -0.549*** -0.487** -0.182 -0.496*

(0.3155) (0.2015) (0.4465) (0.7660) (0.1767) (1.5797) (0.1944) (0.2400) (0.9036) (0.2598)
dlGDP 0.005 0.316 0.156 -0.103

(0.3846) (0.3727) (1.1356) (0.8952)
hc 0.109 0.026 -0.076 -0.086

(0.1667) (0.0579) (0.0734) (0.0927)
Observations 4,129 4,129 4,124 3,963 3,963 4,192 4,192 4,187 4,026 4,026
Number of id 2,720 2,720 2,717 2,632 2,632 2,734 2,734 2,731 2,646 2,646
Year FE Yes No Yes Yes No Yes No Yes Yes No
chi2 102.2 54.65 74.52 58.26 63.93 77.67 56.19 95.60 114.0 106.0

Note: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. The dependent variable is the quinquennial growth rate of value added at the country-industry level for the period
1991-1995,1996-2000,2001-2005, and 2006-2010; exchange corresponds to the terms of trade; competition index and competition index2 are the competition index and the square of the competition index; hc is an
index of human capital per person based on years of schooling and returns to education; lGDP90 is the logarithm of the 1990 GDP; dlGDP is the difference of the logarithm of GDP.
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TABLE C.2. Basic results for countries III

Developing economies Industrialized economies

𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP 𝜎 𝜎𝑢𝑠𝑎 𝜎90𝑡ℎ 𝜎75𝑡ℎ CIP

Panel A: OLS Panel with fixed effect (industry-country)
competition_index 0.231** -0.134* 0.118** 0.128** 5.669*** 0.068*** -0.001 0.015 0.041 0.536***

(0.1127) (0.0747) (0.0586) (0.0536) (0.8929) (0.0248) (0.0259) (0.0238) (0.0289) (0.1993)
competition_index2 -0.497** 0.123 -0.157** -0.128** -31.720*** -0.020 -0.004 -0.003 -0.024 -2.128***

(0.2517) (0.0918) (0.0744) (0.0546) (6.7087) (0.0238) (0.0240) (0.0204) (0.0227) (0.6757)
exchange 0.266** -0.003 0.234** 0.240** 0.135 -0.281*** -0.047 -0.314*** -0.317*** -0.341***

(0.1033) (0.1225) (0.1055) (0.1060) (0.1047) (0.0923) (0.1185) (0.0949) (0.0948) (0.0945)
dlGDP -0.541*** -0.632*** -0.526*** -0.455** -0.960*** -0.617*** -0.373*** -0.578*** -0.580*** -0.648***

(0.1843) (0.2133) (0.2015) (0.1968) (0.1923) (0.1065) (0.1223) (0.1047) (0.1050) (0.1050)
hc 0.197*** 0.094* 0.192*** 0.200*** 0.134*** 0.031 0.337*** 0.020 0.018 0.013

(0.0502) (0.0486) (0.0462) (0.0464) (0.0484) (0.0213) (0.0271) (0.0206) (0.0206) (0.0211)
Observations 3,332 2,806 3,440 3,440 3,440 6,799 5,040 6,880 6,880 6,880
Number of id 1,129 1,046 1,129 1,129 1,129 1,999 1,745 1,999 1,999 1,999
chi2 . . . . . 1995 2476 1953 1972 1967
r2_o 0.108 0.127 0.107 0.107 0.125 0.0949 0.173 0.0897 0.0900 0.0950

Panel B: GMM Panel
competition_index -0.015 0.235 0.021 0.065 1.733 -0.175*** -0.031 -0.070 -0.207* -1.016

(3.7575) (0.2374) (0.2881) (0.1201) (5.7784) (0.0556) (0.0760) (0.0671) (0.1176) (1.7843)
competition_index2 0.071 -0.258 0.228 -0.067 -20.282 0.154* 0.039 0.061 0.179* 2.209

(3.6454) (0.3171) (0.4189) (0.1250) (42.0759) (0.0844) (0.0669) (0.0562) (0.1083) (6.4432)
exchange -0.503 -2.374*** -1.374*** -0.752*** -0.144 -0.139 -0.170 -0.563** -0.411 -0.168

(1.8227) (0.4116) (0.3448) (0.2250) (0.5728) (0.1959) (0.2256) (0.2649) (0.3810) (0.2090)
dlGDP -0.139 -0.261 -0.019 -1.360*** -0.781 0.927** 0.123 0.308 0.180 0.292

(1.2118) (0.3549) (0.3687) (0.4758) (0.7096) (0.4007) (0.3174) (0.3343) (0.4921) (0.4468)
hc 0.499 -0.255** -0.064 0.039 0.679** 0.024 -0.131** -0.065 -0.146 -0.041

(0.5101) (0.1026) (0.1354) (0.0823) (0.3325) (0.0426) (0.0664) (0.0621) (0.1130) (0.1166)
Observations 1,142 1,063 1,144 1,144 1,144 2,816 2,547 2,877 2,877 2,877
Number of id 826 768 827 827 827 1,801 1,572 1,814 1,814 1,814
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
chi2 8.081 64.80 120.9 335.1 101.0 65.97 31.29 53.35 34.53 148.7

Note: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. The dependent variable is the quinquennial growth rate of value added at the country-industry level for the period
1991-1995,1996-2000,2001-2005, and 2006-2010; exchange corresponds to the terms of trade; competition index and competition index2 are the competition index and the square of the competition index; hc is an
index of human capital per person based on years of schooling and returns to education; lGDP90 is the logarithm of the 1990 GDP; dlGDP is the difference of the logarithm of GDP.
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3. Additional figures and tables

TABLE C.3. Countries for development economic

Developing economies Industrialized economies

Argentina Madagascar* Australia
Armenia* Malawi Austria
Azerbaijan Mexico Belgium*
Bahamas* Mongolia Bermuda*
Bangladesh* Morocco Canada
Bolivia (Plurinational State of)* Nigeria* China, Taiwan Province*
Brazil Oman Czech Republic
Bulgaria Pakistan* Denmark
Cameroon* Panama Estonia
Cape* Paraguay* Finland
Chile Peru France
China* Philippines* Germany
Colombia Poland Hungary
Cyprus Republic of Moldova Ireland
Ecuador Romania Israel
Egypt* Senegal Italy
Eritrea South Africa Japan
Ethiopia Sri Lanka* Kuwait*
Fiji* State of Palestine Lithuania
Georgia Tajikistan* Luxembourg
Ghana* Thailand* Malaysia
Greece The f. Yugosl. Rep of Macedonia Malta
India Tonga* Netherlands
Indonesia Norway
Iran (Islamic Republic of) Portugal
Jordan Qatar
Kazakhstan* Republic of Korea
Kenya Russian Federation
Kyrgyzstan* Singapore
Trinidad* Slovakia
Turkey Slovenia
Ukraine* Spain
United Republic of Tanzania* Sweden
Uruguay United Kingdom
Viet Nam* United States of America
Note: *Missing data. Represents 25 for 59 developing economies and 4 for 35 industrialized economies.
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FIGURE C.1. Output growth x competition III

FIGURE C.2. Output growth x competition IV
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