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Resumo: O artigo analisa os determinantes da migrag@o interna no Brasil em diregdo as cidades que apresentam
maiores niveis de complexidade econdmica, entendida como a diversidade de bens e servigos que uma localidade
¢ capaz de ofertar. Os microdados do Censo Demografico 2010 sdo utilizados para estimar um modelo /ogit para
determinar a probabilidade de migrar para uma cidade no topo da hierarquia econdmica brasileira. Os principais
resultados obtidos permitem identificar duas tendéncias: a primeira ¢ de pessoas residentes em uma cidade econo-
micamente complexa na data de referéncia (2005) possuirem maior probabilidade de migrar para outras cidades
complexas na data do Censo (2010), em comparacdo a pessoas que nao vivem em cidades complexas; a segunda
tedéncia € de, conforme hipotese estabelecida, trabalhadores de baixa qualificag@o possuirem menor probabilidade
de migrar para cidades complexas, em comparagao a trabalhadores de elevada qualificagdo. A analise, ao identi-
ficar as interrelagdes entre padrdes migratorios, qualificagdo profissional ¢ complexidade econdmica das cidades,
podera contribuir para subsidiar a elaboragdo de politicas de desenvolvimento regional ¢ urbano.
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Abstract: This paper researches the determinants for internal migration in Brazil towards economic complex cit-
ies using logit estimates on data of the Brazilian Census in 2010. The criterion to determine the complexity level
is the set of products and services that a city can deliver. This paper contributes to existing literature in the way
that it combines internal migration patterns with economic complexity. The most important findings of this paper
are twofold. Firstly, people who already lived in an economic complex city in 2005 had a higher probability of
migrating to another economic complex city in 2010 than people who did not live in an economic complex city
in 2005. Secondly, low-skilled workers have a lower probability of migrating to an economic complex city than
high-skilled workers, which is in line with the expectations. Studying internal migration patterns is of importance
as national and regional policymakers could get more understanding of the internal migration patterns towards
economic complex locations and use the findings of this paper to steer internal migration in Brazil.
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1 INTRODUCTION

Brazil has a large history of internal migration patterns. Ever since the first settlers set foot
in Brazil in the 16" century, most internal migration flows were caused by economic reasons.' A
study by Focus Migration (2008) shows that in the 16" and 17" century many people were active
in the sugar cane production in the northeastern parts of Brazil, especially in Pernambuco, where,
during the boom period, this crop and gold had almost the same value. In the later part of the 17®
century however, according to Naritomi et al. (2012), the sugarcane production began to subside
due to competition of other Latin American countries and inefficient presence of the Portuguese
state. As the sugarcane sector was less flourishing than before, people started to migrate towards
gold and diamond mines in the South, especially in the state of Minas Gerais. Filho and Martins
(1983) state that Minas Gerais became the economic center of the country, attracting also people
from other areas in Brazil.

The next large internal migration flows of Brazil occurred in the 19" century, when coffee
trade was in its heyday. In the southeastern parts of Brazil, the coffee plantations flourished and
thousands of job seekers migrated towards this area. Also, external (foreign) workers, especially
Italians, but also the Portuguese and Spaniards, were demanded as the coffee plantations could
not only be managed by Brazilians (Focus Migration, 2008). In Minas Gerais, the fastest growing
coffee region of Brazil at the end of the 19" century, exports raised significantly, leading to incre-
ased economic growth rates in the region. According to Filho and Martins (1983) other areas with
a dominant coffee industry, like Paulista West and the Paraiba Valley in Rio de Janeiro and Sao
Paulo, showed an expansion of exports as well, leading to increasing export and growth rates for
the whole country of Brazil.

More recently, in the past century, industrialization determined the migration destination of
people in Brazil: the population movements were caused due to the trajectories that were imposed
by the transformations taking place in Brazil’s economy (SESSAO, 2001). According to Vainer
and Brito (2001), industrialization created new jobs in the country and led to huge urbanization
processes. People from the countryside migrated to the big cities as there would be more job op-
portunities and higher income possibilities, increasing Brazil’s urban population rapidly in only a
few decades. Before the 1950’s, the Brazilian urban network was only starting and at the roots of
its expansion. The most populated urban areas at the time were in the states of Sdo Paulo and Rio
de Janeiro, where infrastructure was adapted to the size and growth of the urban population. Lima
et al. (2016) state that there was a strong turning point at the 1950’s, during which the expansion
started to emerge. Migration trajectories from here on have been fundamental for Brazilian market
development as Vainer and Brito (2001) pointed out, because between 1950 and 1960 urban gro-
wth rates throughout the whole country increased rapidly with approximately 5.3% a year.

Following Martine and McGranahan (2010), this led to the fact that in 1950 only 36% of
Brazil’s population lived in cities, whereas in 1960 that was 45%. From the 1960’s onwards,
industrialization played a huge role in Brazil’s migration patterns in a way that it brought along
a variety of new jobs which were mainly located in the cities and not in the countryside (Focus
Migration, 2008). The main pull-factor for Brazilian people was formed by the job opportunities,
coming along with a push-factor, as the peasant population was suffering from increasing poverty
rates. Amaral (2013) states that job opportunities for the peasant population decreased because of
strong population growth and the industrialization of agriculture.

For two decades this rural-urban migration increased more and more and in the 1980’s the
country faced the consequences of these huge migration flows. The infrastructure in and outside

1 Despite the predominance of economic determinants to migration flows in Brazil, it is important to highligt that migration is a
multidimensional and a multi-causal phenomenon. For exemple, Knapp and Gravest (1989) highlight the influence of urban amenities in
migration decision; Black et al. (2011) point out the importance of environmental, political, social, economic, and demographic factors as
drivers of migration.
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the major cities became incapable of facilitating the flows of migration. As the phenomenon of
industrialization reached its limits at the end of the previous century, all major cities were over-
loaded with job seekers. This led to high levels of unemployment and eventually the building of
slums at the borders of cities. According to Martine and McGranahan (2010), the urbanization ra-
tes were still high at the beginning of the 21% century and in 2006, 84% of the inhabitants of Brazil
lived in cities. From the beginning of the 21% century however, as stated by Rigotti (2006), one can
observe new migration flows from the major cities of for instance Sdo Paulo and Rio de Janeiro
towards medium-sized cities in the inlands. Lima et al. (2016) state furthermore that emerging
pull-factors as increasing job opportunities, higher safety standards and better provision of public
services in these areas are the main causes.

Various scholars (BORJAS, 2016; MORTEN; OLIVEIRA, 2014; SAHOTA, 1968) agree on the
fact that migration will lead to an increase in income in the destination region. Migrants tend to
be positive selected groups: they are more open to risk and innovation. This probability is more
expressive nowadays because the main migration flows in Brazil are urban-urban. Still, income
can be distributed differently among individuals in a society. According to Freire (2011) and
Borjas (2016), an increase in the skill wage gap in urban areas might happen when the amount of
urban migrants increases, once migrants have lower levels of education and thus skills compared
to urban workers.? Possible consequential income inequality is, apart from the ideological aspect
of fairness, not preferred because of inequality of opportunities that can entail large social costs
(DABLA-NORRIS et al., 2015), which makes it important to analyze where high- as well as low-
-skilled workers migrate to. Studies of the impact of rural-urban migration on urban wages con-
tribute to the evaluation of both national and regional policy decisions. Freire (2011) and Hagen-
-Zanker (2008) state that regional policies have the power to steer the magnitude of rural-urban
migration either upwards or downwards and high migration flows to a destination region might
make labor scarce in the origin community, improving the job prospects of people left behind. Al-
though, as migration explains 3% of the decrease in the wage gap between high- and low-skilled
workers in Brazil between 1991 and 2000, migration flows show to be of importance for economic
developments in destination regions (FREIRE, 2011).

Apart from internal migration theories, Hidalgo and Hausman (2009) introduced the concept of
economic complexity, stating that the wealth of a nation is connected to its production structure:
the set of products and services that a nation can deliver. In practice this means that the products
that a country is able to produce are more important than the extracted value of these products,
as products have different levels of sophistication. These sophistication levels define the income
of a country or a city, along with the variety of products that a country or city makes, decreasing
the importance of the traded value of its exports. The production framework of countries or cities
exists of local input availability that can be used for production, which Hidalgo and Hausman
(2009) name ‘capabilities’: specific building blocks of production. Both tangible (airports, har-
bors) as intangible (skill, networks) inputs form capabilities and in order to produce certain pro-
ducts, a country or city needs the capabilities that are locally available. The more capabilities are
needed to produce a certain product, the higher the sophistication level and economic complexity
is derived from the available capabilities a country or city has. As this research elaborates on inter-
nal migration within the country of Brazil, the focus will be upon economic complexity in cities.

This paper aims to use microdata from the most recent Brazilian Demographic Census, pro-
vided by IBGE (2010), to see whether migrants move to economic complex locations and what
the main determinants are, where a comparison is made between high and low-skilled workers.
As economic reasons seem to be the most explaining factors of migration throughout the history
of Brazil, Lima et al. (2016), Borjas (2016), Malamud and Wozniak (2012) and Haug (2009) state
that job availability and the wage premium between the destination region and the current region
are the main pull-factors.

2 This is mostly the case with rural migrants, as migrants tend to be a positive selected group: they are more risk-lovers and innovative.
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As income differences can be explained according to the concept of economic complexity, the
aim of this research is to find which people could migrate to economic complex cities. In that
sense, this research question is to what extent do low and high-skilled workers have the same pro-
bability of migrating to an economic complex location?

The research question is used to find the probability of migration of high-skilled workers in
Brazil in 2005 to an economic complex location in Brazil in 2010, using logit estimations for the
empirical analysis, according to a model with variables that are constructed from the IBGE Cen-
sus 2010 and economic complexity indices from DataViva/FAPEMIG (2015). The specification
between high and low-skilled workers is made, to explore which group of workers has the highest
probability to migrate internally to complex cities in Brazil.

In order to answer the research question five hypotheses are tested. The first hypothesis tests
whether people who are living in more complex cities in Brazil have a higher probability of mi-
grating to another complex city in Brazil. It is expected that the probability of migration of people
who live in a complex city to another complex city is higher than the probability of migration of
people who do not live in a complex city already. The higher human capital stock and knowledge
spillovers in complex cities are forming the explanation of this expectation, as externalities can
improve a country’s technological progress and therefore stimulate economic growth (LUCAS,
1988; ROMER, 1990). Schumacher et al. (2011) agree, stating that positive externalities arise
from human capital and knowledge spillovers among others. The second hypothesis tests if high-
-skilled workers have a higher probability of migrating to an economic complex city than low-
-skilled workers. This paper expects that there is a higher probability of migration to economic
complex cities for high-skilled workers than for low-skilled workers, as more complex cities
require more capabilities of workers, so for workers more human capital is needed specifically
(HIDALGO; HAUSMAN, 2009). To give a complete profile of the high-skilled workers, a speci-
fication of high-skilled workers is made: an analysis is constructed to test whether workers with
graduation, a master’s degree or a PhD have the highest probability of migrating to an economic
complex location. Furthermore, this paper aims to show in which occupational field the high-
-skilled workers with the highest probability of migrating to an economic complex location is
active. The third hypothesis tests whether high-skilled young workers have a higher probability of
migration to an economic complex location than high-skilled older workers. The fourth hypothesis
tests whether high-skilled females have a higher probability of migrating to economic complex ci-
ties than high-skilled males. Finally, the fifth hypothesis tests whether white high-skilled workers
have a higher probability of migrating to an economic complex location than high-skilled workers
with another skin color.

This paper is organized as follows. Section 2 gives an outline of the theoretical framework and
overviews the main hypotheses. Section 3 gives the model and its variables as well as the data col-
lection and a data description. Afterwards, in section 4 the results are presented. Section 5 outlines
the conclusions of this research.

2. THEORETICAL FRAMEWORK

2.1 Migration theories

Ravenstein (1885; 1889) elaborated the Laws of Migration to describe the interactions between
local development and migration. The author highlights as the main motivations to migration the
economic condition (the desire to prosper) and the technological progress. According to Sjaastad
(1962) and Todaro (1969), migration is the result of individual decisions made by rational agents
who wish to increase their welfare as they move from one place to another, in which the payoff for
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their work is greater than that obtained at the place of origin in an amount to offset the tangible
and intangible costs of the displacement.

In the 1980°’s, New Economics of Labor Migration (NELM) theorists identified that the original
neoclassical models were limited to analyze the complex reality of interactions between migration
and development (MASSEY et al., 1994). NELM is based on the rational choice hypothesis and
analyzes the migratory processes by considering the behavior of individual migrants in a broader
social context: the household unit (STARK; BLOOM, 1985; STARK, 1991). The household mem-
bers jointly decide how to maximize the expected income and how to minimize risks related to ma-
rket failures. In this perspective, migration is a strategy to risk-sharing, to increasing incomes and
to reduce market constraints. This interpretation is much more consistent to explain why migration
occurs in the absence of wage differentials between regions (STARK, 1980; MASSEY et al. 1994;
TAYLOR, 1999). The goal of migration is to reduce the household members relative deprivation:
the more unequal is income distribution, the greater the incentives to migrate (STARK; TAYLOR,
1989; 1991; STARK, 1991).

It is important to highlight that the decision to migrate is closely related to the process of spatial
distribution of productive activities. To understand this reciprocal relationship, we must consider
the factors that lead economic activities to concentrate on specific areas. Urban Economy theorists
(HENDERSON, 1974; GLAESER et al., 1992; FUJITA; THISSE, 1996, HENDERSON, 2003)
show that it is possible to concentrate production in certain localities, even under the hypothesis of
spatial homogeneity, due to the existence of increasing returns to scale in the production process.
The spatial concentration of economic agents generates positive externalities related to pecuniary
gains from the physical proximity of suppliers and customers, to technology/knowledge transfers
and to the formation of specialized labor markets. Thus, the region becomes more attractive to
workers and firms in a virtuous circle. The focus of the analysis is on technological externalities,
classified as location economies and urbanization economies, which occur through social interac-
tions between different actors. In the first case, the benefits are generated by the concentration
of firms of the same industry in an urban center (productive specialization). In the second one,
the benefits are generated by the productive diversification and by the provision of sophisticated
services in an urban center (the diversification stimulates productivity and, consequently, the local
growth rate).

The productive specialization is not a determinant for urban development, as it does not provide
the essential conditions for innovation and cannot prevent a region from stagnation even when its
industries are highly efficient (HENDERSON, 1974; GLAESER et al., 1992; FUGITA; THISSE,
1996). On the other hand, productive diversification, a feature of large urban centers, generates an
environment conducive to innovation, to the emergence of new activities and to social and cultural
exchanges, which makes these localities extremely attractive to firms and population (labor sup-
ply). Productive diversity implies dynamism, flexibility and makes the economy less vulnerable.?

The city is the key element of this process, as it creates the best conditions for information
exchange and stimulated the flow of products, services and factors of production (GLAESER
et al., 1992; HENDERSON, 2003). The city represents the balance between agglomerative and
dispersion forces and stimulates the implementation of high-tech dynamic activities, as it has all
the required infrastructure for their development (transport, telecommunications, skilled labor
etc.). The better conditions of proximity and accessibility in the cities, as well as the existence of
a competitive and diversified market environment, potentiate sectoral exchanges and gains. The
buzz of the city is a crucial element for innovation: it can minimize information asymmetry, faci-
litate learning and solve incentive problems (STORPER; VENABLES, 2004). Complex cities are
becoming increasingly attractive to firms and workers (especially human capital).

3 Urban agglomeration is accompanied by diseconomies related to congestion costs (pollution, crime, social exclusion, and rent, unemployment
and underemployment etc.), which may counterbalance concentration process.
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In this perspective, as presented by Hagen-Zanker (2008), migration is defined as the temporary
or permanent move of individuals or groups of people from one geographic location to another for
distinct reasons, which can vary from employment possibilities to political reasons, with different
levels from which the migration perspective can be viewed. The macro, meso and micro-levels are
all contributing to whether people migrate on the individual (household) level (Figure 1).

Figure 1 - Framework of migrants’ decision-making
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Source: Hagen-Zanker, 2008

One can see from Figure 1 that on the micro-level, values, income differences, risks, individual
and household’s characteristics, and structural tensions form the push- and pull-factors of mi-
gration. Micro-level economic migration theories as pointed out by Haug (2009) take wage rates
and unemployment levels into account, but neglect non-economic migration motives, because the
non-economic motives are suffering from empirical weaknesses and a large variety of different
push- and pull-factors, of which no consensus exists in migration decision research (KING et al.,
2012). At the meso-level, Hagen-Zanker (2008) and Faist (1997) state that relative deprivation,
migration institutions and networks play a role in migration decision-making.

Fawcett (1989) emphasizes the importance of networks in migration theories, stating that it enhan-
ces the interconnectedness of migration systems. At the macro-level labor demand, migration laws,
and economic development are of importance. This importance however is doubted by Haug (2009)
and Hammar and Kamas (1997), as it is incomplete in explaining migration motives and processes.

Hendrix (2005) combines the micro and the macro-level stating that on the micro-level, mi-
gration is a mix of rational concerns about work and reliance on family in finding information on
working and living conditions. Small kinship-based chain migration flows go to a variety of des-
tinations, producing a macro-level pattern of migration that seems to be rational and meeting the
migration requirements of most of the individuals. All three levels combined are taken into account
on the household-level, as migrants do not take migration decisions on their own but with influence
of the family (HAGEN-ZANKER, 2008; FAWCETT, 1989; HAUG, 2009; BOYD, 1989).

The above stated migrants’ decision-making variables apply to both international as internal
migration flows. On a quantitative level, King et al. (2012) pointed out that internal migration is
more important than what most scholars are studying, which is international migration. Internal
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migration flows can be seen as a mechanism of demographic transfers from stagnant regions to
dynamic regions. Lima et al. (2016) describe these dynamic regions as regions where the urban-
-industrial economy is more developed, or where an agricultural frontier has expanded. Migration
flows appear with historical developments, taking economic, social, political, and demographic
demands of a country into account.

According to Lima et al. (2016), these flows combined form a migration pattern, which can be
dynamic: regional influences define such a pattern and on the other hand the migration pattern can
alter regions in different ways.

2.2 Internal migration patterns in Brazil

Scholars have different approaches of describing the history of internal migration patterns in
Brazil. Matos and Baeninger (2001), Vainer and Brito (2001) as well as Lima et al. (2016) show
that a new transition in migration patterns awaits at the end of the 20™ century and the beginning
of the 21 century. As pointed out by Lima et al. (2016), this new transition has its origins in the
first half of the 1990s; a period that is characterized by several economic instabilities, such as low
national income growth, high inflation rates, and external constraints. Financial liberalization, tra-
de liberalization and economic deregulation processes were needed to reorganize the country. This
reorientation of economic policies was essential to the implementation of a plan of monetary stabi-
lization, the so-called Real Plan, which had positive results. From 1995 the monetary stabilization
policies were flourishing at the cost of regional development policies, employment and growth.

Regional income inequality and differences in job opportunities were severe, causing migration
flows to adapt, because the competition for investments among neighboring regions or comparable
areas increased in this period. Data from the demographic census of the IBGE in 2000 showed that
the dominant migration pattern between 1991 and 2000 had the same characteristics as before: the
most significant displacements occurred from areas that are located in the Northeast and Minas
Gerais to areas located in the Southeast (Sdo Paulo).

At the beginning of this century, the inter-urban migration patterns form the most evident mi-
gration pattern of Brazil. According to Amaral (2013) and Rigotti (2006), the rise in attraction of
medium-sized cities and suburbs along with migration within (mega-) cities are the main causes
for this trend. The main characteristics of the Brazilian economy were high unemployment rates,
low GDP growth rates, macroeconomic stability, and the absence of regional policies (IPEA,
2010). From 2005 and onwards there was monetary stability, reduction of public debt, generaliza-
tion of social policies to reduce inequality and poverty, and an increase of public investments in
infrastructure. It is important to point out that less developed regions have grown at more expres-
sive rates than the national average rate, stimulated by public investments. However, these regions
still have their socioeconomic indicators lower than the national level, which clarifies the stability
of Brazilian regional dynamics.

The economic movements in Brazil in the first decade of the 21 century have caused multiple
impacts to migration flows (AMARAL, 2013; LIMA et al., 2016). Firstly, the high growth rates of
the less developed regions in Brazil, for instance the North-Eastern part, could act as a pull-factor
of the current population, but also for future immigrants. Also, the economic recovery in the most
developed regions of the country, especially in the south-central part, could stimulate the already
dominant migration pattern towards this region. These changes in Brazilian migration flows are
part of the transition period of migration, of which the magnitude is not as big as previous mi-
gration patterns and the transition is relatively slow. As the concept of regional differences and
income inequality amplifies the dominant migration patterns, changes in secondary flows that are
part of the transition of migration in Brazil are weakened (LIMA et al., 2016).

Secondary migration flows, having a more regional character, are according to Freire (2011)
and Lima et al. (2016) still the main drivers of the transition in migration flows. Data from the
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Brazilian census in 2010 showed that changes in secondary migration flows occur mainly between
states with less regional disparities. Migration patterns towards new economic areas benefits the
most dynamic regions that have medium sized cities. Migrants tend to be concentrated in speci-
fic areas of origin and destinations such as productive activities and as stated by Freire (2011),
dominant and secondary migration patterns are defined by these specific flows. It is important to
highlight that return migration, the voluntary or involuntary return of migrants to their place of
origin, is also part of the transition in Brazilian migration flows of the 21 century

Concluding, since the 1970s, Amaral et al. (2015) point out that urban-urban migration flows
have become more prominent. In the whole country of Brazil, Da Cunha (2002) shows that 61%
of all the inter-municipal movements between 1981 and 1991 were between cities.

The new migration pattern of internal migration in Brazil between 1980 and 2010 shows that
regional disparities of income and employment opportunities are evident and the main causes for
new migration flows. These new migration patterns are mainly directed towards different loca-
tions as suburbs or large and medium-sized cities (AMARAL, 2013; RIGOTTI, 2006). According
to Amaral (2013) and Amaral et al. (2015), they go hand in hand with old flows, which are the
flows from the northeast to the southeast, partly because of stable and sustainable social networks
of migrants.

Possible explanations for internal migrations flows can thus be on the micro, meso and macro-
-levels. People for instance migrate to where job opportunities are better and/or income is higher,
with economic growth as the underlying reason for migration. Migrants could indirectly choose
to migrate to places where economic growth is higher, as job opportunities and income might be
higher as well. Economic complexity is a measure of economic growth (HIDALGO; HAUSMAN,
2009) and therefore this paper suggests that people could also migrate to where economic com-
plexity is high.

2.3 Economic complexity

Economic complexity is a measure for the knowledge in a society (HIDALGO; HAUSMAN,
2009; Atlas of Economic Complexity, 2016). Economic growth can be measured in various ways,
for instance according to the quality of institutions, human capital levels, measures of competiti-
veness, technological progress, culture or geography (HELPMAN, 2004). Krugman (2014) shows
another way of measuring economic growth although, of which the fundaments are that wealth
is related to the division of labor: specialization of workers (and firms) increases economic effi-
ciency. Hidalgo and Hausman (2009) offer us a way of looking at economic growth and develo-
pment giving economic complexity a central role. They look at trade data as a bipartite network:
cities have a certain ubiquity and diversity in producing certain goods and the level of economic
complexity shows in which development stage a country or region is. Hidalgo and Hausman
(2009) enable a quantification of economic complexity of cities and regions, and these quantifi-
cations are correlated with income, leading to the fact that future growth patterns can be derived
according to the economic complexity-index.

Diversity and ubiquity are the two core concepts of economic complexity: diversity is the me-
asure for how many different products a country or region is able to produce and the number of
links a city or region has in its network can be viewed as the measure of diversity. Ubiquity is the
measure for the number of cities or regions that are able to make a certain product, and this number
is equal to the number of links that a certain product has in its network.

Diversity and ubiquity can be determined following matrices in which the rows represent coun-
tries and the columns stand for different products. One value of the matrix is equal to one if a
country C produces a product P, a value of the matrix is equal to zero if it does not. When sum-
ming over either the rows or the column of such a matrix, one can measure diversity and ubiquity.
The equations for diversity and ubiquity are defined as below, where M, is the matrix.
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Diversity= k_,= szcp (1)
Ubiquity = kp’() = ZCMCP 2)

The knowledge in a society can be divided into ‘explicit’ knowledge, the knowledge one ac-
quires through reading books, articles, and newspapers for instance and ‘tacit’ knowledge: know-
ledge that can be acquired via networks (HIDALGO; HAUSMAN, 2009). Differences between a
country’s ubiquity and diversity exist because of non-tradable ‘capabilities’: many specifications
that can arise through the division of labor, cannot be imported, making tacit knowledge a more
valuable capability than explicit knowledge. Differences in income between cities and countries
can therefore be explained by economic complexity and a complex product is a product that requi-
res many or exclusive capabilities.

The more capabilities a city or country has, the more diverse its export in products will be
because of their broad availability of capabilities, which will increase the possibility of exporting
relatively rare and complex products compared to other cities, and decrease the ubiquity level.
Complex products have lower ubiquity levels and are therefore only produced and exported by
cities with multiple and diversified capabilities. According to Poncet and De Waldemar (2013), ci-
ties that are able to produce these complex products have a higher revealed comparative advantage
(RCA) than other cities. Economic complex cities are also seen as more developed cities because
of higher diversity levels, which can be translated into capabilities as technology, human capital,
institutions, inputs, culture, and geography, required to produce different products (HELPMAN,
2004).

Revealed comparative advantage (RCA) is an index according to which one can calculate the
relative advantage that a country has in exporting a certain good, compared to other cities (Atlas
of Economic Complexity, 2016). When a country has a share that is equal to or greater than the
share of total world trade that the product stands for, it is considered as having a RCA. In equation
3, ch stands for the exports of product P by country C. When a RCA is negative, it represents a
relative comparative disadvantage in a certain good. This definition of RCA allows us to set a hard
threshold for a cities export. When RCA,, is greater or equal to 1, country ¢ exports product p, and
when RCACp< 1 that particular country is not an effective exporter of that certain product.

X/ X
RC Acp: M 3)
2X, 22X,

Hausman and Hidalgo (2009) qualify goods as sophisticated when products need higher deve-
lopment levels before export than other goods. The sophistication level of a good £ is called ‘pro-
ductivity’ (PONCET; DE WALDEMAR, 2013). In their research, Hausman and Hidalgo (2009)
rank products by the amount of capabilities which are necessary to manufacture these products.
X-ray machines and medicines are highly complex for example, because they require a sophisti-
cated level of productive knowledge, but they also origin from large companies where multiple
high-skilled workers produce. Less sophisticated products like fish and cheese for instance, only
require a basic level of capabilities and can be produced by an individual or a small family-busi-
ness (Atlas of Economic Complexity, 2016).

To measure this Product Complexity, Hausmann and Hidalgo (2009) put the indicator PRODYk
forward: the weighted average of the income levels of good k’s exporters, where the weights are
related to the RCA of each country j in a good.

x./X
PRODY,= Y, [#] (4)
7 J
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In equation 4, X, is the value of exports of good k by country j, the total value of country
J’s exports, and Y, the per capita income of country j, measured as the real GDP per capita (PPP
based)*. As the weight of good K related to the exports of prosperous cities increases, PRODY also
increases, and sophistication levels accordingly. Critics state however, that this indicator suggests
that rich cities export rich-country products (PONCET; DE WALDEMAR, 2013), which is why
the city complexity function is preferred during the research of Hausman and Hidalgo (2009).

A location’s complexity can also be measured, as a weighted average of the complexity of the
products it exports. This weighing process corresponds with the relative importance of each pro-
duct in a local export field. When looking at a local place and its capabilities of producing and
exporting many different complex products, this is seen as proof of the existence of local capabili-
ties. Hausman and Hidalgo (2009) set up the following equations to give a mathematical overview
of what economic complexity exists of. In equation 5, M_, is a dummy variable with a value of 1 if
a city has a comparative advantage in a certain good k. K is the number of products for which a
city ¢ has a comparative advantage and K, ; is the product-level complexity. Using this equation,
equation 6 was formed, representing the a\}erage complexity of the goods a city exports with RCA
(the share of product p in the export basket of country ¢ to the share of product p in world trade)
(HIDALGO; HAUSMAN, 2009).

-1
K.= K XM K, s )
K'Y K'/n
Complexity! :a—KLf (6)

Economic complexity as a measure of economic growth could also work the other way around:
there might be reverse causality in this matter. Therefore, those indicators that prosper economic
growth are also expected to increase economic complexity. This will be taken into account in set-
ting up the hypotheses, as the concept of economic growth and development has been more widely
researched than the concept of economic complexity.

As economic complex cities produce sophisticated and various products, the requirements for
human capital in these cities is higher than in non-complex cities. People who already live in com-
plex cities are surrounded by capabilities and positive externalities. Externalities can improve a
country’s technological progress and therefore stimulate economic growth. Positive externalities
arise from human capital and knowledge spillovers among others (LUCAS, 1988; ROMER, 1990;
SCHUMACHER et al., 2011). Whereas Lucas (1988) states that an average stock of human capital
has a positive effect on individual productivity, one might state that positive externalities occur
more in complex cities than in non-complex cities. Romer (1990) found empirical evidence that
knowledge that is acquired in the research center spills over the economy because it is non-rival
and only partially excludable. These knowledge spillovers lead to productivity gains in all market
sectors (Romer, 1990). It is expected therefore, that the probability of migration of people who
live in a complex city to another complex city is higher than the probability of migration of people
who do not live in a complex city.

4 GDP per capita (PPP Base) is the Gross Domestic Product converted to international dollars using purchasing power parity rates and
divided by total population.
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2.4 Migration of high and low-skilled workers

The main causes of migration are differences in net economic advantages, especially differen-
ces in wages (BORJAS, 2016; HOSSAIN, 2001). Borjas (2016) states that most existing economic
migration analyses use this hypothesis as their base point. Migration of workers, both low- and
high-skilled, can be seen as human capital investments in a certain region. According to Hossain
(2001), decisions are mostly made on possible labor opportunities and the costs of moving, after
which workers decide whether it is economically efficient to move or not. Borjas (2016) names
three propositions in the process of internal migration decision making: an increase in economic
opportunities at the destination increases net gains to migration (1); an increase in economic
opportunities at the current position decreases net gains to migration (2), and an increase in mi-
gration costs lowers the net gains to migration (3). The first two propositions can be related to
increasing access to foreign markets according to Hering and Paillacar (2015): a higher foreign
market access means a higher local labor demand and this attracts workers via the two pull-factors
of higher wages and new job opportunities.

Another mechanism that is apparent when it comes to migration decision-making is the distan-
ce factor: when the distance of possible migration increases, the probability of migration decrea-
ses. Schwarz (1973) and Marques and Golgher (2009) state that distance can therefore be seen as
a cost of migration. Freire (2011) found empirical evidence in his country-analysis that migrants
are more likely to move to cities which are closer, using data of 123 cities and 3214 rural areas. A
city that is 10% closer receives 0.2 percentage points more migrants. He also found that distance
matters more for high-skilled workers than for low-skilled workers, although a 10% decrease in
transportation costs, increases the number of high-skilled migrants with 3%.

In line with Freire (2011), Malamud and Wozniak (2012) state that there is a positive correla-
tion between a worker’s education level and the probability of migration. A possible explanation
for this is that highly educated workers acquire the knowledge of different employment oppor-
tunities and their markets faster. Therefore, they are able to reduce their migration costs, which
increases the probability to migrate (MALAMUD; WOZNIAK, 2012; BORJAS, 2016). According
to Rigotti (2006) and Golgher and Marques (2009), migrants from 2000 to 2010 are therefore usu-
ally more educated than in previous decades. Also, the labor market in a particular geographical
region could be larger for high-skilled workers than for low-skilled workers in comparison to the
other geographical region. Furthermore, Loureiro et al. (2004) point out that the higher the number
of years of education, the higher the probability of participation is in the labor market.

3. METHODOLOGY AND DATA

First, it is important to highlight the migration criterion adopted in this analysis: migrant is the
individual who lives in a region for less than 05 (five) years, regardless of his place of birth. More
specifically, according to Brazilian Demographic Census this criterion is called “fixed date”. It
compares the individual city of residence between a reference date (year = 2005) and the date of
the census (year = 2010).

In this paper, an analysis of the probability of being migrant and moving to a complex city

will be done according to a binary outcome model, in which there are two possible outcomes, as
presented in the equation 7.

_ { 1 with probability p (7)
y 0 with probability 1 — p
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Once regressing a binary outcome model, the probability p varies across individual values as a
function of regressors. The model needs to be parameterized with a conditional probability:

p,= Prly=1\x]=F(x' ) (8)

In equation 8, F'is a specified cumulative distribution function. There are two binary outcome
models: a logit and a probit model. A logit model arises once F'is the cumulative distribution func-
tion of the logistic distribution. The probit model on the other hand arises once F is the standard
normal cumulative distribution function. Apart from these models, there is also the linear probabi-
lity model, which does not use a cumulative distribution function, but p =x’ . A linear probability
model is relatively easy to estimate and to use, but it comes with a few disadvantages as well.
Firstly, fitted probabilities could be less than zero or greater than one. Also, the partial effect of
any explanatory variable, which is appearing in level form, is constant. The limitations of limited
dependent variable estimations can be countered by using binary response models, at which most
importance can be appointed to the response probability (Wooldridge, 2014).

To avoid the limitations of a linear probability model, a binary response model of the following
form can be used:

P(y=1|x)=F(B,x,+ ..+ B,x)=F (B,+xp) 9)

The estimated response probabilities therefore, are also strictly between zero and one. When
the two alternatives of a linear probability model are applied to this function, a logit model or
logistic regression model would have F as a logistic function:

exp(z) (10)

FO rew@y ~1¢

F here is strictly between zero and one for all the numbers of z, being the cumulative distribu-
tion function for a standard logistic variable.

Using a logit model has several advantages: The logit model has a relatively simple form for
the first-order conditions. Along with it comes the interpretation of coefficients in terms of the
log-odds ratio. Another advantage of using the logit model is discriminant analysis: in this analy-
sis y and x are random variables; x is observed but y is not observed. As x is given, it is up to the
researcher to determine whether y equals zero or one.

When obtaining a maximum likelihood estimator that is conditional on explanatory variables,
the density of y on x needs to be taken into account:

JOlx:P)=[Fx, HI7.y=0,1 (11)

This function makes clear that when y = 1, the outcome depends on F(x, #) and when y = 0, it
depends on 1- F(x, ). When taking the log of equation 11, the log-likelihood estimation can be
determined for the observation i being a function of the parameters and the data of x and y (equa-
tion 12).
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L, (B)=y, loglG(x, /)1 +(1-y,)log [1-F(x, )] (12)

F here is, again, strictly between zero and one for both probit and logit. When summing equa-
tion 12 for all observations, the log-likelihood can be obtained for all observations of i.

By=x;,1p) (13)

The maximum likelihood estimation of B is defined by ﬁ Once F'is the standard logit cumu-
lative distribution function, ﬁ is the logit estimator. Based on previous literature as described in
section 1 and the econometric specifications of this section, this paper uses the following basic
model (equation 14):

P(Y=1)=p,+p, X+ . +f X+e (14)

Where is the probability of an individual migrating to an economic complex city in
Brazil, the independent variables, X , are described in Table 1, and ¢, is the error term. The
control variables are constructed according to existing literature to explain migration, as
described in the theoretical framework. Also, extra variables are constructed to test this
research’s hypotheses.

Table 1 - Variables, specifications and sources

Variable name Meaning Variable type Specification Source
When this variable has a value of
Economic complexity . one, a person moved t.o a cgmplex Cglculations by the authqrs
Complex-2010 index 2010 Dummy variable city in 2010. When this variable has  using economic complexity
a value of zero, the individual did not indices from FAPEMIG.
migrate

. . Continuous variable ECl is a scale that uses the theory of
Economic complexity

ECI 2005 index in 2005 of values between -1  economic complexity to rank coun- FAPEMIG
and 1 tries following Hidalgo (2009).
High skilled High-skilled workers Dummy variable High-skilled = 1, Low-skilled = 0 Census (IBGE, 2010)
Loweduc Low-skilled workers Dummy variable Low-skilled = 1, High-skilled = 0 Census (IBGE, 2010)
Age Age of individual ij“anézers of years Whole numbers Census (IBGE, 2010)
1 =male
Sex Gender Dummy variable Census (IBGE, 2010)
0 = female
1=white
White Skin color of individual Dummy variable 0= others: which are brown, black, Census (IBGE, 2010)
yellow, and indigenous
Ln_Income Individual income Log variable Individual income in Reais Census (IBGE, 2010)
Individuals with a
. bachelor’s degree as . -~ -
Graduation the highest completed Dummy variable 1= graduated, 0= other Census (IBGE, 2010)
education
Individuals with a
master’s degree as q _ , -
Master Y —— Dummy variable 1= master’s degree, 0= other Census (IBGE, 2010)
education
Individuals with a PhD
PhD as the highest fulfilled ~ Dummy variable 1=PhD, 0= other Census (IBGE, 2010)
education
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Variable name Meaning Variable type Specification Source

Individuals who are
Educ active in the education =~ Dummy variable 1= education industry, 0= other Census (IBGE, 2010)
occupational field

Individuals who are
Arts active in the humamtles Dummy variable 1= arts industry, 0= other Census (IBGE, 2010)
and arts occupational

field

Individuals who are
active in the social
Social sciences, business, and ~ Dummy variable 1= social, 0= other Census (IBGE, 2010)
law school occupation-
al field

Individuals who are
active in the science,
Science mathematics, and com-  Dummy variable 1= science, 0= other Census (IBGE, 2010)
puting college occupa-
tional field

Individuals who are
active in the engineer-
Eng ing, construction, and Dummy variable 1= engineering, 0= other Census (IBGE, 2010)
production occupation-
al field

Individuals who are
active in the agriculture
and veterinary occupa-
tional field

Agric Dummy variable 1= agriculture, 0= other Census (IBGE, 2010)

Individuals who are
Health actly ¢ in the health and Dummy variable 1= health, 0= other Census (IBGE, 2010)
social welfare occupa-

tional field

Individuals who are
Services active in the services Dummy variable 1= services, 0= other Census (IBGE, 2010)
occupational field

Source: Author’s compilation from Brazilian Demographic Census 2010.

P(Y,= I) here is the dependent variable and contains the probability of a worker migrating to an
economic complex municipality in 2010. This is a dummy variable: people migrate to a complex
city (1) or not (0). The complexity index is constructed through converting any complexity index
value that is above 0 to a 1 (complex) and any complexity index value that is equal or below 0 to 0.
The probability of migration to a complex city is dependent on the economic complexity of 2005,
high-skilled workers, low-skilled workers, age, sex, color, and income.

The economic complexity index of 2005 is, contrary to our variable of complexity in 2010,
containing the original values as constructed through FAPEMIG data. Therefore, it can be che-
cked how complex the city of origin was in 2005 when people migrated to another complex city,
measured in 2010. The dummy variable High skilled contains workers that are at least graduated
(1). This means that low-skilled workers have maximally completed their high school (0). On the
other hand, the dummy variable Loweduc has values of 1 (maximally completed their high school)
and O (at least graduated). The age variable comes directly from the Census (IBGE, 2010), and has
values of whole years. The sex variable is a dummy variable where people are male (1) or female
(0). The survey gave five options for people to fill in the skin color: white, black, brown, yellow
and indigenous. This research chose to construct a dummy for white people (1=white, 0=others).
Also, a logarithmic function of income has been constructed, controlling for the income of inha-
bitants of Brazil.

As a second step, this paper looks at workers with graduation, master’s and//or PhD degree, to see
which workers have the highest probability to move to complex cities according to their degree level.
A dummy was created for graduation, master and doctor. After this, dummy variables of study areas
are constructed in order to test in which occupational field the workers have the highest probability to
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migrate. Therefore, results will not only show whether high-skilled workers have a higher probability of
migrating to complex cities, but also which degree has the highest probability, and in which occupatio-
nal field the worker is active.

4. EMPIRICAL RESULTS

4.1 The probability of migration towards economic complex
locations

To estimate the probability of migration towards economic complex cities in 2010 three models
are formed, as presented in the Table 2. The first model has a dependent variable of the econo-
mic complexity dummy of 2010 complexity 2010 and independent variables ECI 2005, Loweduc,
Ln_Income, Sexskilled, Ageskilled and Whiteskilled. The second model includes the specification
of high-skilled people, whereas the third model includes the different study fields.

For the first model a Wald test and a Likelihood-ratio test were performed in order to determine
how likely model 1 and its (interaction) variables are fitting the data compared to an alternative mo-
del (without interaction terms). Both tests gave results in favor of model 1. After these two tests, a
Goodness-of-fit test followed, of which the results show that in general the logistic model can classify
properly for 75.45% of the analyzed observations in model 1. The observations for migration to eco-
nomic complex cities (y=1) are correctly specified for a sensitivity measure percentage of 60.89% and
the observations for no migration (y=0) are correctly specified for 80.66% of all observations (speci-
ficity measure). Finally, empirical results all models are estimated via odds ratio (Table 2).

Table 2 — Odds ration estimations for three logit Model (1) @ @
models 0.792"
Arts - -
Model (0] ?2) 3) (0.010)
1.6017" 1.602" 1.540™ ) 1.070™"
ECI_2005 Social -- --
(0.001) (0.001) (0.001) (0.010)
1.730™ 1.720™ . 0.920™"
Ln_Income = Science -- -
(0.002) (0.002) (0.011)
0.961"" . . 1.373™
Loweduc - - Engineering - -
(0.008) (0.019)
0.950" 0.961"" . 0.490%**
Sexskilled = Agriculture - -
(0.004) (0.005) (0.011)
0.990" 0.990"" 0.865™"
Ageskilled - Health = -
(0.0002) (0.0002) (0.009)
1.510%* 1.580"* Observations 8,297,825 8,297,825 2,071,096
Whiteskilled -
Heske (0.008) 0.009) R-squared 0.189 0.190 0.206
Highskilled . - 1412 Source: Own calculations from Stata 12.0. The standard errors are
(0.005) reported in parentheses. *** ** * means significant at 1, 5, 10%
” acceptance level respectively.
aaanation . 0.840 - (*) The Brazilian Demographic Census 2010 full questionnaire
(0.007) is a sample survey, with approximately 21 million observations.
” The census sample can be expanded to the Brazilian population
Master - 1.120 - through the variable “sample weight (code V0010)”. The databa-
(0.017) ses used to estimate models 1, 2 and 3 are subsets of the census
. sample. Only workers belonging to the economically active
Education . . 0.561 population with no missing values for the variables of control

(0.006) are included in the analysis (approximately 40% of the census
sample). In the case of model 3, specifically, only individuals with
high education levels (graduation, master’s and//or PhD degree)
are considered (approximately 10% of the census sample).
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Hypothesis 1: People living in more complex cities in Brazil have a higher probability of mi-
grating to another complex city in Brazil.

From the results of the first model, one can see that people who already lived in an economic
complex city in 2005 had a probability of migrating to another economic complex city in 2010 that
is 60% higher than the probability of migrating to an economic complex city of people who did not
live in an economic complex city in 2005. This is in line with the expectation, as this research assu-
med that people who already live in an economic complex city are surrounded by capabilities and
positive externalities. As positive externalities can be formed by knowledge spillovers and more
human capital, people living in economic complex cities could benefit from these knowledge spillo-
vers (LUCAS, 1988; ROMER, 1990; SCHUMACHER et al., 2011). Increases in human capital
could therefore lead to more job opportunities, also outside the origin city. People living in econo-
mic complex cities could therefore migrate easier to another complex city than people that did not.

Hypothesis 2: High-skilled workers have a higher probability of migrating to an economic
complex city than low-skilled workers.

The second hypothesis can be accepted as well. Low-skilled workers (at most completed high
school) have a probability of migrating to economic complex cities that is 4,47% lower than the pro-
bability for high-skilled workers (at least graduated), according to the first model. This because eco-
nomic complex cities require a certain amount of human capital in order to produce the sophisticated
and complex products that are produced (Hidalgo and Hausman, 2009). The main research question
is partly answered now, further specifications have been made however to look at which high-skilled
workers exactly have higher probabilities of migrating to economic complex cities. This paper sho-
wed in the theoretical framework that income has a high correlation with education. The variable of
In_income shows a highly positive and significant coefficient, showing that the higher the income, the
more likely a migrant will move to economic complex locations. This is in line with the hypothesis
as well. As migration costs can be very high for migrants, extra income can cover for these costs.
Therefore, people who get a higher income can migrate more easily to economic complex locations.

Hypothesis 3: High-skilled young people have a higher probability of migration to an economic
complex location than high-skilled older people.

The third hypothesis tests whether high-skilled young people are more likely to migrate than
old high-skilled people. The interaction variable ‘ageskilled’ shows that the high-skilled young
people are more likely to migrate to an economic complex city than high-skilled old people (0.99%
lower probability of migration to an economic complex city in 2010 for old people). This proba-
bility is quite small comparing to low-skilled people moving to a complex city in 2010. The result
is in line with previous literature on internal migration in Brazil, as empirical results showed that
young people migrate more than old people (BERNARD; CHARLES-EDWARDS, 2014; AMA-
RAL, 2008). It is therefore likely that young people also migrate more to economic complex cities
than old people. Another explanation could be, that older people are more likely to be married or
to have families, which makes migration of a individual more dependent of other persons. Migra-
tion to economic complex cities however, is likely to be less probable for high-skilled old people
because people might already live in an economic complex city, or employers are more in favor
of hiring talented young people.
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Hypothesis 4: Female high-skilled workers have a higher probability of migrating to an econo-
mic complex location than male high-skilled workers.

The fourth hypothesis looks at whether high-skilled females migrate more than high-skilled
males to economic complex cities. This is expected, because existing literature on internal migra-
tion in Brazil showed that females migrate relatively more to economically developed locations
than males (AMARAL, 2008). The interaction variable ‘sexskilled’ shows that high-skilled fema-
les are 4.44% more likely to migrate to economic complex cities than high-skilled males. Reasons
why high-skilled females migrate more to economic complex cities could be that there are more
opportunities for insertion in the labor market for male migrants. Also, according to Amaral et al.
(2015), the consequences are that competitive workers in complex cities might see their wages
decrease as more high-skilled males choose to migrate to complex cities.

Hypothesis 5: White high-skilled workers have a higher probability of migrating to an econo-
mic complex location than high-skilled workers with another skin color.

This hypothesis looks whether white high-skilled workers have a higher probability of migra-
ting to an economic complex location than high-skilled workers with another skin color. This is in
line with existing papers of Lam (1999) and Reis and Crespo (2005), who found empirical eviden-
ce that white workers earn significantly more than workers with another skin color. The coefficient
of the interaction variable ‘whiteskilled’ shows that white high-skilled workers are 51.53% more
likely to migrate to an economic complex city in 2010 than high-skilled workers with other skin
colors. This result could show that discrimination could play a role in skin color in Brazil. This is
in line with existing theories about high-skilled white workers migration, although in this case it
shows economic complex cities are the migration destination instead of cities where GDP is higher
or other welfare measures of cities (LIMA et al., 2016).

4.2 A closer look at economic complexity and high-skilled migration

The aim of the second model is to look which type of high-skilled workers has the highest pro-
bability of migrating towards an economic complex city. Therefore, high-skilled workers are divi-
ded between those who are graduated, have a master’s degree and those who have a PhD. Also for
this model both a Wald test and a Likelihood-ratio test were performed in order to determine how
likely model 2 and its (interaction) variables are fitting the data compared to an alternative model
(without interaction terms). Both tests gave results in favor of model 2. After these two tests, a
Goodness-of-fit test followed, showing that in general the logistic model can classify properly
for 74.25% of the analyzed observations in model 2. The observations for migration to economic
complex cities (y=1) are correctly specified for a sensitivity measure percentage of 61.26% and
the observations for no migration (y=0) are correctly specified for 78.91% of all observations
(specificity measure). Finally, empirical results for model 2 are estimated via odds ratio.

Graduated high-skilled workers have a probability of migrating towards an economic complex
city that is 15.07% lower than the probability of migration of people holding a Master’s or PhD
degree. This could be because graduated people have less job opportunities in complex cities than
PhD’s or Master’s, as complex cities require higher human capital capabilities. When comparing
this with the probability of migration of a high-skilled worker with a Master’s degree however,
this is higher (12.7%) than the probability of migration of people who hold undergraduate and PhD
degrees to economic complex cities. High-skilled workers with a Master’s degree seem therefore
to have sufficient knowledge to be integrated in an economic complex city’s environment, which
makes them more interesting for companies in economic complex cities, as they will ask lower
wages than PhD’s. Also, high-skilled people who hold a PhD degree have more capabilities to
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identify different opportunities of better income and jobs, even though those opportunities are not
in complex cities.

To look at the hypothesis more closely, another distinction of high-skilled workers was made.
We created eight study fields in which a person is active: ‘Education’, ‘Humanities and Arts’,
‘Social Sciences, Business and Law School’, ‘Mathematics and Computer Science’, ‘Engineering,
Construction and Production’, ‘Agriculture and veterinary’, ‘Health and Social Welfare’ and ‘Ser-
vices’. A third model is constructed to analyze this aspect empirically.

Also, for this model both a Wald test and a Likelihood-ratio test were performed in order to
determine how likely model 3 and its (interaction) variables are fitting the data compared to an
alternative model (without interaction terms). Both tests gave results in favor of model 3. After
these two tests, a Goodness-of-fit test followed, showing that in general the logistic model can clas-
sify properly for 61.86% of the analyzed observations in model 3. The observations for migration
to economic complex cities (y=1) are correctly specified for a sensitivity measure percentage of
79.22% and the observations for no migration (y=0) are correctly specified for 52.97% of all ob-
servations (specificity measure). Finally, empirical results for model 3 are estimated via odds ratio.

Only the coefficients of ‘Social’ and ‘Engineering’ are higher then 1, which indicates a higher
probability of migration towards an economic complex city in 2010 compared to the other study
fields. It shows that high-skilled workers in the fields of the Social Sciences, Business, and Law
School, as well as high-skilled workers who are active the Engineering, Construction, and Produc-
tion occupations are more likely to migrate to economic complex cities than the people in other
fields, 7.8% and 37.6% respectively. One might have expected this outcome: the production of
sophisticated and complex products must be led by adequate business models in order to maintain
productivity and margins on these products. Also, patents of complex and sophisticated products
must be protected for instance, which is the working field of law school graduates. Planning of
housing, infrastructure and office spaces for instance are part of the social sciences fields that need
to be taken into account to facilitate these workers among others. The fact that the probability of
migration of the field of Social Sciences, Business, and Law School to complex cities is higher
can be explained accordingly.

The reason behind this is straightforward: Engineering, Construction, and Production indus-
tries are all requiring high capabilities in the work fields of economic complex cities. Therefore,
people in these fields are more likely to migrate to these complex cities than people in other in-
dustries. People in the ‘Agriculture and Veterinary’ and Education occupations have coefficients
that are the lowest between the fields analyzed. That means people who did their undergraduate,
Master’s or PhD studies in this field have lower probability to move to economic complex loca-
tions comparing to other study areas. The explanation for this is straightforward as well: farmers
and other agriculture and veterinary occupations are mostly more rurally located because they
have a specific working location, which makes migration to economic complex cities complicated.

5 CONCLUSION

Migration is a subject that has been extensively researched throughout the years with push- and
pull-factors as phenomena that come back in most of the papers on migration theories. Economic
complexity could mainly be considered as one of the pull-factors. In order to gain further understan-
ding of (internal) migration and its possible relation to economic complexity, first the existing internal
migration patterns have been explained before migration has been linked with economic complexity.
The main research question of this paper is to what extent do low and high-skilled workers have the
same probability of migrating to an economic complex location? In order to address this question, this
paper has first examined the determinants of the probability of internal migration towards economic
complex locations, using a logit model for a broad selection of inhabitants in Brazil in 2010.
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The first estimations that followed from the regressions showed that people who already lived
in an economic complex city in 2005 had a higher probability of migrating to another economic
complex city in 2010 than people who did not live in an economic complex city in 2005. Also,
low-skilled workers (at most completed high school) have a lower probability of migrating to an
economic complex city than high-skilled (at least graduated) workers. As economic complex cities
require high capabilities to produce complex and sophisticated products, human capital require-
ments are high as well. High-skilled workers therefore are more wanted in these cities, making it
more likely for high-skilled workers to migrate towards economic complex cities.

The control variables that were used for these first estimations were age, sex, skin color and
income levels, in line with previous literature on internal migration in Brazil. Results showed that
high-skilled young people are more likely to migrate to economic complex cities than high-skilled
old people. Also, high-skilled males have a lower probability of migration towards economic
complex cities than high-skilled females. The final control variable in the first estimations, which
is skin color, showed that high-skilled white people are more likely to migrate to an economic
complex city than other skin colors that are high-skilled (brown, black, yellow and indigenous).

After the first estimations, this research aimed to zoom in on the probability of migration of
high-skilled workers towards economic complex cities. In the second model, high-skilled workers
were divided between people who are graduated, have a Master’s degree, or a PhD. Empirical re-
sults showed that graduated high-skilled workers have a lower probability of migrating towards an
economic complex city than workers with a master and PhD studies. The probability of migration
of a high-skilled worker with a Master’s degree however, is slightly higher than the probability of
migration of other university degrees. High-skilled workers with a Master’s degree seem therefore
to have sufficient knowledge to be integrated in an economic complex city’s environment.

Finally, a third model was constructed to explain in which study field the probability of migra-
tion of high-skilled workers to economic complex cities was highest. Empirical results showed
that high-skilled people with study fields of the ‘Social Sciences, Business, and Law School’, as
well as high-skilled people in ‘Engineering, Construction, and Production’ study fields are more
likely to migrate to economic complex cities than the people in other study fields. Especially the
high-skilled workers in Engineering, Construction and Production show a highly positive signifi-
cant coefficient, which could be explained in the way that those industries are all requiring high
capabilities in the work fields of economic complex cities.

The analysis indicates that Brazilian migration flows of high-skilled workers is related to incre-
ase in occupational specialization in metropolitan areas. As pointed out by De Haas et al. (2019),
this is a trend and an important driver of recent international migration.

The results from this research have both academic as well as societal relevance. The findings of
this research provide an exploration of high-skilled workers migrating to economic complex loca-
tions. Migration of high-skilled workers for instance can bring human capital externalities to cer-
tain regions (BORJAS, 2016). On the other hand, the regions of origin could suffer economically
from outmigration of high-skilled workers (DOCQUIER; RAPOPORT, 2012). Therefore, there
is significant scope for further research to extend the findings of this research in several ways.
Firstly, further research could include control variables that this research chose not to include due
to data limitations. Including more control variables could extend the findings of this research.
Secondly, the influence of the race discrimination on the results could be researched more exten-
sively in future research. Thirdly, further empirical research could include probit estimations to
verify the results of this research. Once probit estimators give relatively similar results, this could
form as a robustness check for this research. Finally, the migration criterion adopted (fixed date)
does not allows to identify lifetime migration and can overestimated the results obtained between
migration to complexity city and high levels of human capital. More specifically, the concept of
return migration should be included in further research. The expectation is that different results
will show, because of temporary migration flows.
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From a societal perspective this research contributes to improving the understanding of the de-
terminants of internal migration to economic complex cities in Brazil. This better understanding
helps policy makers in their decision-making of regional and urban policies, which could stimulate
the intersectoral relations between less complexity cities and metropolitan areas to explore their
economic potential. The complementarity among these regions may generates spillovers and con-
tributes to the migration of high-skilled workers towards cities with lower levels of economic com-
plexity. The presence of this workers, in its turn, can lead to more economic growth in a positive
process of circular cumulative causation. The research found that economic complex cities attract
high-skilled workers more than low-skilled workers, which benefits the economic complexity indi-
ces of these cities. As economic complexity is a measure of economic growth, this phenomenon of
high-skilled migration towards economic complex cities can be seen as growth-enhancing.
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