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We use a production function approach to 

determine the impact on the wage skill 

premium of increased labor supply of different 

skills levels. In particular, we use data from the 

Brazilian population censuses for 1980 to 

2000, for which there is consistent data on 

cities, to estimate the elasticity of substitution 

between high and low skill workers. We 

address the endogeneity of labor supply in 

urban areas by constructing an instrumental 

variable using the rural-urban migration 

response to exogenous shocks, such as rainfall 

shocks and changes in transport costs in rural 

areas. We find an elasticity of substitution 

between high and low skill workers of 0.56, so 

that high and low skill workers are gross 

complements and not gross substitutes as has 

been found previously in the international 

migration literature. Our simulations show that 

migration between 1991 and 2000 had only a 

small impact on the wage skill gap, 

specifically, a 1.1% decrease in the wage gap 

between high and low skill workers in Brazil. 

This explains only 5% of the changes in 

relative wages between high and low skill 

rnational migration literature. 

 

Neste estudo estimamos parâmetros de uma 

função de produção para determinar o impacto 

de alterações da oferta laboral nas diferenças 

salariais entre trabalhadores qualificados e não 

qualificados. Nomeadamente, utilizamos dados 

dos Censos populacionais brasileiros entres 

1980 e 2000,, para estimar a elasticidade de 

substituição entre trabalhadores qualificados e 

não qualificados. Resolvemos o problemas da 

endogeneidade da oferta laboral nas cidades 

construindo uma variável instrumental 

utilizando o impacto de choques exogenos nas 

zonas rurais, como precipitação e redução nos 

custos de transporte, nas migrações rurais-

urbanas. Ao contrario do que foi encontrado 

anteriormente em trabalhos sobre migrações 

internacionais encontramos uma elasticidade 

de substituição entre trabalhadores qualificados 

e não qualificados de 0.56, que indica que os 

trabalhadores com diferentes níveis de 

qualificação foram complementares e não 

substitutos. As nossas simulações mostram que 

a migrações rurais urbanas entre 1991 e 2000 

no Brasil reduziram as diferenças salariais 

entre trabalhadores qualificados e não quali- 
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1. INTRODUCTION 

In the 1990s, there was a large inflow of 

immigrants to the US, with the number of 

foreign born individuals increasing on average 

0.85 percentage points (pp) each year between 

1990 and 2006 (Ottaviano and Peri, 2008). 

This compares to the UK, where the number of 

foreign-born individuals increased on average 

0.25 pp a year between 1995 and 2005 

(Manacorda et al., 2012). The internal 

migration flows in developing countries have 

been just as large. For instance, in China, the 

percentage of rural migrants living in urban 

areas increased on average 0.8 pp a year 

between 2000 and 2010 (Hanewinkel and 

Oltmer, 2012), while in Brazil, the proportion 

of migrants from rural areas living in cities 

increased on average 0.74 pp a year between 

1995 and 2000 (author’s own calculations). 

While there are several studies on the impact 

of immigration on wages in countries of 

destination, there are fewer studies on the 

impact of internal migration on wages in 

regions and cities of destination. In this study, 

we estimate the elasticity of substitution 

between high and low skill male workers 

between the ages of 15 and 55, in 

agglomeration in Brazil, using exogenous 

shocks to internal migration, to simulate the 

impact n the skill wage gap in 123 Brazilian 

agglomerations. 

As pointed out by Borjas (1999), initial 

studies on the impact of immigration on wages 

focused on the levels of wages. However, as 

pointed out by Ottaviano and Peri (2008; 2012) 

and Peri (2011; 2012), these results are biased 

as they ignore changes in capital in the 

receiving communities, as well as the fact that 

immigrants have different characteristics 

compared with local residents. For instance, if 

the average immigrant has more education than 

the average local resident, then the increased 

supply of high skill workers would decrease 

the high skill wage relative to the wage of low 

skill workers. Therefore, as pointed out by 

Borjas et al. (2011), recent research has 

focused on estimating the elasticity of 

substitution between high and low skill 

workers and the elasticity of substitution 

between local residents and immigrants using a 

production function approach. While evidence 

for the elasticity of substitution between 

immigrants and local residents is mixed 

(Borjas et al., 2011), most studies find an 

elasticity of substitution between high and low 

skill workers of between 1.4 and 2.4 

(Ottaviano and Peri, 2008). Research on 

internal migration focuses on wage levels (for 

recent examples, see Boustan et al., 2010; Lu 

and Song, 2006; Meng and Zhang, 2001). 

Therefore, to the best of our knowledge, ours is 

the first study that attempts to use a production 

function approach to estimate the impact of 

internal migration on receiving communities. 

This is important, first, because we do not 

know whether estimates for the elasticity of 

substitution between high and low skill 

Our simulations show that migration between 

1991 and 2000 had only a small impact on the 

wage skill gap, specifically, a 1.1% decrease in 

the wage gap between high and low skill 

workers in Brazil. This explains only 5% of the 

changes in relative wages between high and 

low skill workers seen in the data during this 

time period. Although this impact is small, it is 

2.5 times larger than what we would have 

found using the elasticity of substitution 

between high and low skill workers of the 

international migration literature. 

Keywords: Labor markets; Rural–Urban 

migration; Wages 

JEL Codes: R12, J31, J61, O15, O18 

 

ficados em apenas 1.1%. Isto representa apenas 

5% da redução do diferencial salarial entre 

trabalhadores qualificados e não qualificados 

entre 1991 e 2000. Embora o impacto seja 

pequeno é 2.5 vezes maior do valor que 

obteriamos se tivessemos utilizado estimativas 

da elasticidade de substituição entre 

trabalhadores qualificados e não qualificados 

da literatura das migrações internacionais. 

Palavras Chave: Mercado de trabalho, 

Migração rural-urbana, salário 

Código JEL: R12, J31, J61, O15, O18 
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workers in developed countries are the same as 

that for developing countries, as the industrial 

composition is different in developing 

countries and the elasticity of substitution 

combines both within and across industries 

(Acemoglu, 2002). Second, it is important to 

understand the impact of changes in the 

relative supply of skilled workers on the wage 

skill premium in developing countries because 

this tends to be larger in countries with smaller 

supplies of skilled labor (Gropello and 

Sakellariou, 2010). 

Another major contribution of this study is 

that it addresses the issue of endogeneity of 

migration flows. For instance, Borjas (2003), 

Manacorda et al. (2012), Ottaviano and Peri 

(2008; 2012), and Peri (2012) all assume that 

immigration flows to the US and the UK are 

exogenous, and therefore, are not driven by 

changes in wages in the US and the UK, 

respectively. Other studies, such as Card 

(2001), Peri (2011), and Wozniak and Murray 

(2012), attempt to address the problem of 

endogeneity of migration flows by using a 

supply–push instrumental variable (SPIV) 

approach. In this approach, the decision to 

migrate is separated into two factors: (i) the 

decision to leave the place of origin; and (ii) 

the decision of which destination country to 

select. In this approach, it is assumed that the 

decision to leave a country of origin is 

exogenous to what is happening in the country 

of destination, and the endogeneity of the 

migration flows comes only from the decision 

of where to go. Therefore, by using historical 

patterns of migration settlement, under the 

assumption that migrants are not forward 

looking, the SPIV is a valid instrument. In this 

study, we use a similar approach, which does 

not require the two aforementioned 

assumptions. We estimate the response of rural 

migrant outflows from rural areas to 

exogenous weather shocks and changes in 

transport costs, and then estimate how distance 

determines historical patterns of settlement in 

urban areas. Using these two estimated values, 

we then construct an instrumental variable that 

is orthogonal to changes in conditions in urban 

areas. 

We begin by developing a model of labor 

demand with differentiated labor similar to 

Ottaviano and Peri (2008; 2012), and Peri 

(2011) to estimate the elasticity of substitution 

between high and low skill workers from the 

relationship between their relative wages and 

their relative labor supply. Due to data 

limitations explained in Section 3, we focus on 

the 1980–2000 Brazilian population censuses 

to estimate the elasticity of substitution 

between high and low skill workers in urban 

areas. Because the supply of high and low skill 

workers is endogenous, as workers from rural 

areas may depend on wages, our ordinary least 

square (OLS) estimates of the elasticity of 

substitution are biased towards zero. 

Therefore, we use migration flows as an 

instrument for change in the number of 

workers in a city. However, migration flows 

are themselves endogenous. To address this 

issue, we use information on rainfall, changes 

in transport costs, and distance between 

destination and origin as exogenous sources of 

variation that explain migration flows from 

rural to urban areas, and therefore, are 

instrumental variables for migration flows. As 

expected, our instrumental variable estimates 

are smaller than our OLS estimates and we 

find an elasticity of substitution between high 

and low skill workers of between 0.56 and 

0.58, which is significantly smaller than that 

found in the migration literature for the UK 

and US (Manacorda et al., 2012, and Ottaviano 

and Peri, 2008, respectively). This finding 

implies that high and low skill workers are 

gross complements in production in Brazil. 

Our results hold when we use a standard SPIV 

with a series of robustness checks. These 

results suggest that we cannot use elasticity of 

substitution, as the international migration 

literature does, to estimate the impact of 

changes in the relative supply of high skill 

workers in developing countries, for instance, 

because of internal migration. In particular, the 

simulated impact of rural–urban migration on 

urban wages in Brazil is one third smaller 

when we use the elasticity of substitution. 

Despite this, the impact of migration flows on 

the wage skill premium is small (1.1%) and 

explains only 5% of the variation in the data. 

This is because migrants have similar 

observable characteristics to local urban 

residents. 

Our results have important implications for 

public policy. Substantial resources are spent 

each year in both developed and developing 

countries to reduce inequality. Part of this 

effort is undertaken via regional policies, in 

which funds are allocated to attenuate regional 

inequalities. For example, in Brazil, 9.3% of 

federal government revenues in 1992 came
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from the northeast, while expenditure in this 

region comprised 14.7% of the federal budget 

(Baer, 2013). Regional funds target investment 

in transport infrastructure in order to increase 

agglomeration economies, thus attracting more 

workers in disadvantaged areas to urban areas 

and promoting economic growth (see Puga, 

2002). While regional economic theory 

suggests that the migration of workers from 

poorer rural areas to richer urban regions 

would decrease interregional inequality, 

international migration theory suggests that the 

inflow of migrants could actually increase 

intraregional inequality within cities (Borjas, 

2003). This suggests that there might be a 

trade-off between the two effects. Therefore, it 

is important to measure the impact of internal 

migration in areas of destination when 

designing regional policies.  

The rest of the paper is organized as 

follows. Section 2 presents the theoretical 

model on which our work is based. In Section 

3, we describe the data and the events that 

occurred during this time period. In Section 4, 

we look at the results and describe our 

instrumental variable approach in detail. In 

Section 5, we present our simulation results of 

the impact of migration on the wage gap. 

Finally, Section 6 concludes. 

2.  THEORETICAL FRAMEWORK 

We use a factor approach to evaluate how 

changes in factor endowment lead to changes 

in relative wages. This method was used 

initially in trade literature and is currently used 

to evaluate the impact of international 

migration (see, for instance, Borjas, 2006; 

Card, 2001; Card, 2009a; Ottaviano and Peri, 

2008, 2012; Peri, 2011). The model we 

develop here is similar to that presented in 

Freire (2010) and Ottaviano and Peri (2008; 

2012). 

We start by assuming that production in 

each city can be represented by a production 

function with constant returns to capital and 

labor, as follows. 

Y=AK
1−α

N
α          (1) 

where Y is the amount of output in a city in 

a given year, K is the amount of capital in a 

city in a particular year, N is the amount of 

labor (migrant and non-migrant) in a city in a 

given year, A is the technology used in a city in 

a given year (or other factors that are city 

specific and explain agglomeration econo- 

mies), and α is the output elasticity of labor. 

Furthermore, we assume that labor is not 

homogeneous. In particular, we assume that 

low skill labor is an imperfect substitute for 

high skill labor by combining both within a 

constant elasticity of substitution production 

function, nested within Equation 1, as follows. 

       

      

             

      

     

    
      

        (2)  

where    and    are the number of high and 

low skill workers, respectively, in a city in a 

given year, and    is time-varying technology 

parameter that captures the relative 

productivity of the two education groups. 

These factors do not depend on the relative 

supply of each type of worker but may change 

with time. A higher    implies that a worker 

with extra high skills is relatively more 

productive than one with extra low skills in the 

production of goods in a city, when the initial 

number of high and low skill workers in the 

city is the same. Finally,      is the elasticity 

of substitution between high and low skill 

workers. If       , then high and low skill 

workers are gross substitutes in production, 

while if o       , then high and low skill 

workers are gross complements in production. 

Because we assume that the production 

function in a city exhibits constant returns to 

scale, the returns to each factor are equal to 

their marginal productivity. Therefore, high 

skill wages are given by the following. 

       

      

             

      

     

    
      

              (3) 

In addition, low skill wages are given by 

the following. 

                         

 
 

                     (4) 

Several studies on the impact of migration 

on wages focus on how the proportion of 

foreign workers affects wages in the 

destination. As pointed out by Ottaviano and 

Peri (2008; 2012), wages in a particular city 

depend on capital and technology in that city. 

We can control for city specific factors that 

affect both groups symmetrically (technology, 

A, and capital, K) by focusing on the ratio of 

high to low skill wages, which can be 

interpreted as a proxy for income inequality in 

a particular city. 

  

  
 

  

      
 
  

  
 
 

 

                       (5) 
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This is represented in log form as follows. 

   
  

  
     

  

      
  

 

    
   

  

  
                          (6) 

Equation 6 provides a linear relationship 

between, on one hand, the ratio of high to low 

skill wages, and, on the other, the ratio of high 

to low skill employment. We can use this 

relationship to obtain an estimate of the 

elasticity of substitution between high and low 

skill workers,     . Once we have established 

the value of     , we can use it to estimate the 

impact of migration on the ratio of high to low 

skill wages, as in Card (2009b), Ottaviano and 

Peri (2008; 2012), and Peri (2011). 

Previous studies use national data to 

estimate      and control for changes in the 

specific productivity of high skill workers (  ) 

and low skill workers (      ) using time 

trends. 

However, we use a panel of cities in Brazil 

and, therefore, estimate the regression in first 

difference, controlling for city fixed effects, as 

follows. 

    
  

  
      

  

      
  

 

    
    

  

  
               (7) 

We include a constant in our first difference 

regressions to control for changes in the 

specific productivity of high skill workers (  ) 

and low skill workers (      ) over time. 

3.  DATA 

The lowest level of government in Brazil 

comprises municipalities. Their borders have 

changed significantly over time, and their 

numbers have increased from 3,951 in 1970 to 

5,501 in 2000, as pointed out by Reis et al. 

(2009). Therefore, to compare municipalities 

across time, we merge municipalities into 

minimal comparable areas (MCAs), following 

the method developed by Brazil’s Institute for 

Applied Economic Research (IPEA) for 1970–

2000. Figure 1 shows a map of the 3,661 

MCAs used in our study. We use the term 

municipality to refer to an MCA. We use the 

same definition of cities as that proposed by 

IPEA and the Brazilian Institute of Statistics 

(IBGE) and defined in Vieira et al. (2012) and 

used in Mata et al. (2007). These cities or 

agglomerations are based on 1991 MCAs and 

can be used to compare data at the city level 

from 1970–2000. The advantage of using this 

definition is that it has characteristics similar to 

the US metropolitan statistical areas. The 

Brazilian Institute of Geography and Statistics 

(IBGE) also uses an alternative definition of 

city, which includes an urban area in every 

municipality in Brazil, even those deep in the 

Amazon, as pointed out by Camarano and 

Abramovay (1997); hence, the official 

urbanization rate was 80% in 2000, up from 

55% in 1980. Figure 1 shows a map of Brazil’s 

123 agglomerations (composed of 447 MCAs), 

where 57% of the population lived in 2000, up 

from 46% in 1980 (Mata et al., 2007). We use 

micro data from the 1980, 1991 and 2000 

censuses1 but the 2010 census, because our 

definition of city cannot be used to compare 

city level results between 1980 and 20102. 

As Figure 2 shows, Brazil’s average 

education level is low but increasing, with 

average years of education for men rising from 

6.2 in 1991 to 7.64 in 2000, based on our own 

calculations. This is despite the fact that there 

were eight years of compulsory education until 

2006, and nine thereafter. Between 1980 and 

2000 there were improvements in educational 

levels, but these where restricted to the number 

of people achieving compulsory education, 

with little progress made at higher levels of 

education (Souza, 2001). As in Borjas (2006), 

Katz and Murphy (1992), Ottaviano and Peri 

(2008), and Peri (2011) we use education to 

define skills. High skill workers are those with 

nine or more years of education and low-skill 

workers have less than nine years of education 

(that is, completed compulsory education or 

less). In our robustness checks, we use a 

definition of high skill workers as those with 

12 years of education or more, and less than 12 

years for low skill workers. Because women 

have been found to have a higher elasticity of 

labor supply, we focus on men only3. To 

determine hourly income, because of low 

levels of education, we define active workers 

as people from 15 to 55 years of age4, 

inclusive, who are not  tudents  and  report  ha- 

ving labor income and report numbers of hours  

worked. 

                                                      
1 We exclude cases with missing information regarding their 

education, age, income or place of residence. 
2 We also cannot use the 2010 census because we don’t have 

a complete panel for our variables, in particular a 

transportation cost variable we use in our instrumental 

variable approach. 
3 We other robustness checks we did not show, the inclusion 

of women does not qualitatively change our results. 
4 Acording to Baer (2013) the retirment age in the public 

sector for some public sector workers is 55. Because we 

need to take into consideration more elaborate labor suply 

considerations for men above 55, we limit our sample to 

men in that age. 
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Figure 1: Map of 123 agglomerations (cities), 28 states, 5 regions, and a semi-arid (chronic drought) region 

in Brazil. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The enlarged map is for the area around São Paulo 

 

 

Figure 2: Education of active urban population (gray) and rural–urban migrants (black line) for 1991 and 

2000. 

 

 

Our basic statistics regarding wages and 

numbers of workers in urban areas are reported 

in Table 1. Between 1980 and 2000, Brazil 

went through a period of hyperinflation and 

replaced its currency system twice; thus, we 

convert wages to January 2002 values using 

deflators provided by Corseuil and Foguel 

(2002). We focus on  median  hourly  labor  in- 

 

 

come for each group in order to avoid bias 

from outliers, although our results remain the 

same as if we had used average hourly wages. 

The average number of hours worked 

increased from 41 hours a week in 1991 to 43 

hours in 2000, based on our calculations. As 

Table 1 shows, real hourly wages decreased for 

high skill workers between 1980 and 2000, 
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while real hourly wages for low skill workers 

decreased between  1980  and  1991  but  reco- 

vered partially between 1991 and 2000. 

Finally, the average number of high skill 

workers in cities increased slowly between 

1980 and 2000, while the average number of 

low skill workers increased between 1980 and 

1991, but decreased slightly between 1991 and 

2000. This is consistent with an increase in 

average educational levels in Brazil in this 

timeframe. Figure 3 shows a negative 

relationship between the ratio of high to low 

skill wages and the ratio of high to low skill 

workers in cities. 

 

 
Table 1: Basic statistics (mean and standard deviation) for 123 agglomerations (cities) on wages, 

employment, and rural to urban migration for 1980, 1991, and 2000 in Brazil. 

Basic statistics for 123 agglomerations 

 
1980 1991 2000 

 
Mean SD Mean SD Mean SD 

(Median) Hourly wage 
      

High skill 3.39 0.85 2.84 0.73 2.54 0.54 

Low skill 1.76 0.46 1.11 0.37 1.26 0.34 

Average employment 
      

High skill 25,779 82,095 40,636 118,797 64,293 180,778 

Low skill 84,311 250,150 100,070 257,366 92,901 218,622 

Average migrants 
      

High skill 
  

1,230 13,694 1,906 21,226 

Low skill 
  

3,319 36,962 4,025 44,823 

Note: High skill is defined as people with nine years of education or more, and low skill less than nine years of education. Reported median 

hourly wages are deflated to current values (January 2002). Migrants are defined as people who lived in different municipalities five years 

before the censuses. 

 

 

Figure 3: Relationship between the growth of the ratio of high to low skill median male hourly wages and 

growth of the ratio of high to low skill male workers for each of the 123 agglomerations, pooling data for 

1991 and 2000. 

 
 

 

We define migrants based on where people 

were living five years prior to the census, as in 

Card (2001). This information is recorded in 

the 1991 and 2000 censuses only. If 

individuals were living outside one of our 123 

cities (agglomerations) five years ago, and are 



Revista Portuguesa de Estudos Regionais, nº 46 

32 

currently living in a city, then we count them 

as a rural–urban migrant. As Table 1 shows, 

the total number of high and low skill rural–

urban migrants increased between 1980 and 

2000, although the number of high skill 

migrants increased faster than low skill 

migrants. Figure 3 shows a positive relation- 

ship between the inflow of rural–urban 

migrants and the local supplies of high and low 

skill workers in cities. 

4.  EMPIRICAL RESULTS 

In each row of Table 2 we present different 

versions of our model for robustness checks 

that will be discussed in section 4.2. Our 

baseline model is presented in row 1, while 

row 2, 3 and 4 we use a different instrument 

variable, in row 5 we use agglomeration size to 

weight each observation, while in row 6 we 

exclude São Paulo from our sample and in row 

7 we redefine the skill split off from 9 years to 

12 years of education.  

Each column of Table 2 has a different 

specification. We begin, by estimating  
 

    
 

in Equation 6 controlling for changes in the 

relative productivity,∆               with a 

trend. Our results, reported in column 1 of 

Table 2, imply an elasticity of substitution 

between high and low skill workers,     , of 

3.82, which is statistically different from the 

1.4–2.4 reported in the literature survey of 

Ottaviano and Peri (2008). Because 

productivity factors may vary by industry, and 

industry composition varies by city, we include 

city fixed effects in column 2 to allow 

differences in worker productivity to vary 

 

Table 2: Estimates of the inverse of the elasticity of substitution between high and low skill workers, 

 
 

    
, in Equation 6, for different specifications. 

  Log ratio of high to low skill hourly wages 

  OLS IV 

  Level First difference 

  (1) (2) (3) (4) (5) (6) 

Basic regression -0.262 -0.838 -1.007 -1.159 -1.730 -1.771 

  (6.10)** (14.77)** (17.32)** (16.69)** (9.98)** (13.13)** 

SPIV-1         -1.730 -1.751 

          (13.88)** (13.55)** 

SPIV-2         -3.817 -1.635 

          (1.10) (15.44)** 

SPIV-3   
 

  
 

-1.729 -1.752 

    
 

  
 

(13.86)** (13.53)** 

Weighted -0.177 -0.932 -1.163 -1.407 -1.830 -2.078 

  (2.75)** (7.98)** (10.13)** (6.71)** (7.93)** (10.98)** 

Excluding -0.264 -0.838 -1.006 -1.156 -1.733 -1.770 

São Paulo (6.03)** (14.71)** (17.24)** (16.63)** (9.86)** (13.03)** 

12 years of -0.318 -0.939 -0.992 -1.052 -1.762 -1.814 

education (8.17)** (16.00)** (15.23)** (11.81)** (3.35)** (11.52)** 

Trend Yes Yes Yes Yes Yes Yes 

City 

(agglomeration) 

fixed effects 

No Yes No Yes No Yes 

Observations 360 360 237 237 237 237 

Note: High skill workers are individuals with 9 or more years of education except in row 6, where the threshold is moved to 12 or more years 

of education. Our instrumental variable (IV) is described in Sub-section 4.1, while SPIV-1, SPIV-2, and SPIV-3 are three versions of the 

supply–push instrumental variable. All regressions include a trend. In first difference regressions, this is done by including a constant. The 

sample includes men only between the ages of 15 and 55 years. The T and Z-statistics in parentheses are calculated using clustered-robust 

standard errors. * is significant at the 5% level; ** is significant at the 1% level

 

across cities. Thus, our estimate of      is 

now 1.19, which is not statistically different 

from previous results. 

We obtain the same results when we 

estimate the model in first difference as in 

Equation 7, as shown in column 3, which 

includes a constant as the trend. Finally, as 

suggested by Borjas et al. (2011), we allow 

each city to have a different path of 

productivity change over time by  estimating  a 

random growth model (Wooldridge, 2010) 

with the inclusion of city fixed effects. Thus, 

our results in column 4 become statistically 

different from those in the international 

migration literature, with an implied      of 

0.86. 

As pointed out in Section 3, despite the fact 

that we are using men only in our sample, the 

supply of workers still depends on wages, 

which implies that reverse causality is possible 
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and causes our estimates of  
 

    
 to be biased 

toward zero, or      to be biased upward. 

Furthermore, as suggested by Borjas (2006) 

and Wozniak and Murray (2012), rural 

migrants may displace urban dwellers who 

migrate to other cities, which would also bias 

our estimates of  
 

    
 toward zero. We 

address these issues with an instrumental 

variable approach, as discussed in the next sub-

section and show our results in columns 5 and 

6 of Table 2. 

4.1  Instrumental variable 

As explained in Section 2, the number of 

workers in a city includes both migrants and 

non-migrants. Therefore, we can use migration 

flows as an instrumental variable for changes 

in the number of workers in a city. Figure 4 

shows a positive relationship between growth 

of the ratio of high to low skill male workers 

and the log ratio of high to low skill recent 

migrants. However, migration is itself an 

endogenous decision that may depend on 

wages in urban areas. Therefore, we must find 

an instrument for the migration flows 

themselves. The standard solution in the 

literature is to use a SPIV. This method splits 

migration flows into two components: (i) the 

decision to leave a foreign country or rural 

area; and (ii) the decision of where to go 

within the country, namely, which city. The 

validity of using this instrument relies on two 

assumptions. First, we must assume that the 

decision to leave a foreign country or rural area 

is driven only by conditions in the source of 

origin and not the destination and is, therefore, 

orthogonal to changes in conditions in the 

destination. Therefore, the endogeneity of 

migration flows derives from only the decision 

of where to move. To address this issue, we 

use historical patterns of migration so that they 

are not related to current conditions in the 

destination. This entails an underlying 

assumption that migrants are not forward 

looking (or, at least, forward looking to only 

some degree). The SPIV is then 

SPIV
irt

=Ω
ir

ΔMig
it

            (8) 

where        is the total inflow of recent 

migrants of a particular skill level i into the 

country or urban area in a particular year t, and 

    is the historical pattern of settlement of 

migrants of a particular skill level i, measured 

by the fraction of migrants who moved to a 

region or city r in a time period before t.  

In our approach, we drop these two 

assumptions and instead estimate the response 

of ΔMigit to exogenous shocks in rural areas 

and let predetermined characteristics of rural 

areas determine    .  

 
Figure 4: Relationship between the growth of the ratio of high to low skill male workers and the log 

ratio of high to low skill recent migrants for each of the 123 agglomerations, pooling data for 1991 and 

2000. 
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4.1.1  How many people migrate from 

rural areas 

The 1991 and 2000 Brazilian population 

censuses include information on not only 

where people were living five years prior to the 

censuses, but also when people moved to their 

current areas of residence. We use this 

information to build out-migration flows for 

each rural area for each year in 1986–1990 and 

1995–1999 for male individuals between the 

ages of 15 and 55 years. In Table 3, we show 

the average number of out-migrants each year 

from rural municipalities reported in the 1991 

and 2000 censuses. There is a large percentage 

of observations with zero migrants. Therefore, 

we estimate a Tobit model with fixed effects 

using non-linear methods, as suggested by 

Honore (1992). 

In its simplest specification, the decision to 

migrate depends on wages in both rural and 

urban areas and transport costs in the 

destination and origin. As Table 3 shows, more 

than 37% of low skill men living in rural areas 

worked in farming in both the 1991 and 2000 

censuses. It is likely that their income from 

agriculture depends on the weather. We use 

data on precipitation from the Intergovern- 

mental Panel on Climate Change (IPCC) (for a 

complete description of the dataset, see 

Mitchell et al., 2002,) in 1985–1990 and 1994–

1999 to estimate the impact on out-migration 

of weather shocks in rural areas. 

Table 3 shows that the number of high skill 

people living in rural areas increased 59% 

between 1991 and 2000, which is the same rate 

of growth in urban areas (Table 1) and is much 

faster than the growth rate of low skill people 

living in rural areas (15%). However, the rate 

at which high skill individuals migrated 

remained the same at 48% (calculated using 

Table 1). Furthermore, the average cost of 

moving dropped 14% between 1991 and 2000, 

as measured by the index of transport costs 

from rural municipalities to São Paulo 

constructed by Castro (2002)5. Beine et al. 

(2008), Docquier and Rapoport (2004), and 

Vidal (1998) argue that migration due to 

reduced transport costs leads to more 

                                                      
5 Castro (2002) construct an index, centered around 1,000, that 

measures the benefits of improvements in highway infrastructure 

in 1970–1995 as the change in equivalent paved road distance 

from each municipality to Saõ Paulo city. It is based on a linear 

programming exercise that takes into account the design of the 

road network as well as the difference in vehicle operating costs 

between earth/gravel and paved roads. 

individuals investing in education in the areas 

of origin Therefore, more high skill individuals 

become available in rural areas, and a larger 

percentage migrate out of rural areas. In 

addition, we point out that it is unlikely that 

people are leaving rural areas to acquire higher 

levels of education in urban areas because the 

number of university students in Brazil stayed 

relatively stable over the time period of our 

study (see Souza 2001). In particular, we show 

in Sub-section 4.2 that our results are the same 

when we redefine high skill workers as those 

with 12 or more years of education. 

Our basic regression is then 

                                           

                                               

                                                                    (9) 

where                 is the (lagged) number of 

men living in a rural area, rural, in the 

previous census year,       , with high or low 

skill, i;             is the (log) rainfall in rural in 

year t (because the timing of the drought and 

its impact is uncertain, we also check if lagged 

rainfall shocks impact on migration); 

                   is the growth rate of transport 

costs to São Paulo from rural in t (the relevant 

years between 1970 and 1985 and between 

1985 and 1990); while          
is a set control 

for characteristics of the rural area of origin, 

which include log agricultural area (in 

hectares) taken from the agricultural censuses 

of 1985 and 1995, year dummies, municipality 

fixed effects, and dummies for the skill groups. 

Our results in Table 4 are for our sample of 

men between the ages of 15 and 55 years. 

Because we include rural municipalities fixed 

effects, we can interpret our coefficients as 

responses to shocks (deviations from the 

average across periods). We find that rainfall 

shocks affect migration of low skill men only; 

in particular, a 1 standard deviation decrease in 

rainfall leads to an increase in out-migration of 

low skill men of 2.4%. In the drought area of 

the northeast, the impact of a drought is 

different. This region, as pointed out by Baer 

(2013), receives government aid in years of 

drought, although the aid is often misused. 

Therefore, during good years, when there are 

no government transfers, out-migration incre- 

ases for both low and high skill men. 

Furthermore, we find that reductions in
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transport costs lead to higher out-migration of 

high skill people; in particular, a 10% decrease 

in transport costs increases the number of high 

skill migrants by 2.3%. 
 

 

Table 3: Basic statistics (mean and standard deviation) for 3,214 rural municipalities (minimal 

comparable areas), for high skill (9 or more years of education) and low skill (less than 9 years of 

education) for 1991 and 2000. 
 1991 2000 

 Less than 9 9 or more Less than 9 9 or more 
 years of education years of education years of education years of education 

 No. of migrants 144.38 27.56 128.33 42.61 

 (426.08) (230.54) (398.90) (273.59) 

 No. of non-migrants 4,317.12 532.58 5,018.67 847.06 

 (19,581.85) (8,158.37) (17,728.05) (12,835.33) 

 Fraction of observations     

that are zero 2.90% 36.67% 2.93% 24.70% 

 Occupation     

 Administrative 5.43% 30.84% 3.98% 20.96% 

 Technical or scientific 0.9% 16.81% 1.34% 16.25% 

 Farming 52.14% 7.52% 37.43% 6.71% 

 Mining 1.38% 0.33% 0.66% 0.2% 

 Industry 19.03% 12.97% 25.38% 17.51% 

 Commerce and trade 6.64% 12.64% 8.21% 14.38% 

 Transport 5.11% 4.46% 6.88% 6.12% 

 Services 3.73% 3.38% 6.27% 5.26% 

 Domestic services 0.49% 0.14% 0.94% 0.21% 

 Security and     

national defense 1.04% 6.3% 0.95% 6.16% 

 Other 4.59% 4.75% 8.91% 6.46% 

 Average agricultural 107,457.5  96,362.07  

area (in hectares) (471,670.6)  (453,752.7)  

 Average rainfall 11.27  11.14  

 (4.192)  (4.346)  

 Average 1,811.316  1,549.82  

transport costs (1,436.84)  (1,125.901)  

Note: Rows 4–14 show the percentage of people of each group working in each sector (low skill workers are concentrated in farming). Rows 

15–17 include the basic characteristics of rural municipalities. The sample includes men only between the ages of 15 and 55 years. 

 
Table 4: Estimates of the impact of rainfall shocks and growth in transport costs on out-migration from 

rural areas (3,214 rural municipalities or minimal comparable areas (MCAs)) for 1987–1991 and 1996–

2000 for high and low skill men between the ages of 15 and 55 years. 
OLS estimate of the impact of changes in transport costs 

and rainfall shocks on the log number of migrants from rural areas 

  Log migrants 

  Low skill High skill 

 Log lag population 0.843 0.134 

 (11.66)** (3.11)** 

 Log agricultural area (in hectares) -0.064 0.0602 

 (2.05)* (1.26) 

 Growth rate of transport -0.028 -0.226 

costs to São Paulo (0.50) (2.35)* 

 Average monthly rainfall -0.0058 -0.0098 

 (2.36)* (1.89) 

 Previous year’s average -0.0016 -0.0103 

monthly rainfall (0.58) (1.91) 

 Average monthly rainfall 0.01605 0.084 

in semi-arid area (2.82)** (5.52)** 

 Last year’s average monthly 0.0302 0.075 

rainfall in semi-arid area (4.81)** (4.94)** 

 Municipality (MCA) fixed effects Yes Yes 

 Year dummies Yes Yes 

 Number of municipalities 3,213 3,209 

 Observations 25,704 25,586 

 Censured observations 753 7,944 

 F-statistic 32.81 55.05 

 635.28 
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4.1.2  Where migrants go 

The 1991 census provides information on 

where each person was living in 1981 and 

when he or she moved to the current 

municipalities. We use this information to 

determine historical patterns of migration, in 

particular, how people moved from 3,207 rural 

municipalities to 123 urban areas between 

1981 and 1985. Figure 5 shows that high and 

low skill people do not choose the same 

destinations and that there is a large amount of 

variation across cities. In particular, distance 

between origin and destination (Our measure 

of distance is the great circle distance between 

the center of the municipality (MCA) of origin 

and the city (agglomeration), using the median 

radius of the earth) affects the cost of transport, 

and therefore, the number of migrants deciding 

to move to a given location. Therefore, we run 

the following regression. 

 

                     

                   
                                                                     (10) 

The dependent variable 
                     

                   
 is 

the share of migrants from a rural area moving   

to an urban area, c, for each group (high and 

low skill, i). 

 
 

 

 

Figure 5: Historical patterns of migration. 

Note: Plot of the ratio of high to low skill migrants from 1981 to 1985 for 123 agglomerations sorted from smallest to largest 

ratio on the horizontal axis. 

 

 

Table 5 shows our results. As columns 1 

and 2 indicate, migrants are more likely to 

move to cities that are closer to the origin, 

although distance matters less for high skill 

men. In particular, a city that is 10% closer 

receives 0.2 percentage points more rural 

migrants. In columns 3 and 4, we check 

whether this result is driven by the supply of 

 

 

high or low skill men in areas nearer to the 

cities of destination by controlling for how 

many people live in the rural and urban areas. 

Despite the fact that the supply of high and low 

skill men matters, distance remains statistically 

significant for every group. 
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Table 5: Estimates of the impact of distance on the likelihood of moving from a particular rural area to 

one of the 123 agglomerations (cities). 

Estimates for distance as an explanation for migration location decision 

 
Percentage Rural–Urban Migrants 

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

Log distance -0.02003 -0.022 -0.023 -0.022 

 (82.36)** (84.80)** (88.55)** (86.27)** 

Log distance 

 

0.0033 0.0062 0.0041 

(for high skill) 

 

(13.23)** (21.20)** (14.82)** 

(Log) People living in rural area* 

  

0.00103 0.0012 

(log) People living in urban area 

  

(80.54)** (30.07)** 

Log number of people 

   

-0.0094 

living in rural area 

   

(25.82)** 

Log number of people 

   

0.00044 

living in urban area 

   

(1.52) 

Dummy for high skill Yes Yes Yes Yes 

Municipality (MCA) fixed effects Yes Yes Yes Yes 

Number of rural municipalities 

(MCAs) 3,214 3,214 3,214 3,214 

Observations 790,644 790,644 787,815 787,815 

F-statistic 6,782.95 3,730.08 4,064.25 3,900.55 

R-squared 0.05 0.05 0.07 0.07 
Note: The sample includes men only between the ages of 15 and 55 years. T-statistics in parentheses are calculated using clustered-robust 

standard errors. * is significant at the 5% level; ** is significant at the 1% level. 

 

 

4.1.3  Instrumental variable results 

After determining how people respond to 

droughts and changes in transport costs in rural 

areas, and where people decide to go related to 

the distance between origin and destination, we 

 

 

 

can build an exogenous migration shock for 

each city, r, by skill group, j, for a particular 

year, t, which is exogenous to changes in 

cities. Therefore, our instrument is as follows 

 

        
  

   
    

                     

                   
 

 
                 

 
     

 
      (11) 

 

We argue that an increase in the availability 

of high versus low skill workers will lead firms 

to hire more high skill workers, which will 

affect the relative wages between these two 

groups. Therefore, we use the ratio of the flow 

of high to low skill migrants as an instrument 

for the change in the ratio of high to low skill 

workers. 

Row 1 of Table 6 shows the results for the 

first stage of our basic regression. In both 

columns 1 and 2 (with city specific trends), we 

see a positive and statistically significant 

coefficient with a corresponding F-statistic 

well above 10. 

 

 

Columns 5 and 6 of row 1 in Table 2 show 

our results from the second  stage.  As  

expected, the coefficient is larger in absolute 

terms, which is consistent with the possibility 

of reverse causality, and is also consistent with 

the outflow of urban residents to other urban 

areas, which implies that our estimates of      

 are even smaller than before. In particular, the 

elasticity of substitution of high to low skill 

workers,     , of only 0.56–0.58, is 

significantly smaller than that previously found 

in the literature and implies that high and 

low skill workers are gross complements rather 

than gross substitutes in production. 
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4.2  Robustness checks 

Because our results are statistically 

different from those previously found, our first 

concern is the validity of our instrument. 

Therefore, we begin by running the same 

regressions but using the standard SPIV. We 

construct three versions of this instrument in 

Equation 8. In the first version, SPIV-1, we 

pool all rural municipalities as if all rural areas 

where the same. In the second version, SPIV-2, 

we construct our instrument for the flow of 

migrants from each of the rural areas, and then 

add them up to obtain the inflow into each 

specific city. The third version, SPIV-3, is 

similar to SPIV-1, except that we exclude the 

own city contribution to the migration flows, 

Δ [ ]Mig
it

−Mig
irt

, as in Wozniak and Murray 

(2012). Our results are shown in the first 

column of rows 2, 3 and 4 of Table 6 (first 

stage results) and the second column of the 

same rows (second stage results). When the 

SPIV is correlated with the endogenous 

variable, the elasticity of substitution between 

high and low skill workers,     , is not 

statistically different from our basic regression. 

It ranges between 0.57 and 0.61 for those 

regressions that do not have weak instruments. 

Another potential source of concern 

regarding our estimates is the larger variation 

in city size in our sample (see the standard 

deviation in the number of high and low skill 

workers in urban areas in Table 1). 

Furthermore, this period of time saw an 

increase of urban-urban migration as pointed 

out by Lima et al (2016). As such, the impact 

of rural-urban migration could be biased 

downwards, as pointed out by Borjas (2003). 

To address both these problems, we run a 

weighted regression, in which we weight each 

observation by city size. We can interpret the 

results from these regressions as the impact of 

rural–urban migration on the urban system 

(rather than on the average city). The results 

are presented in row 5 of Table 6 (first stage 

results) and in row 5 of Table 2 (OLS and 

second stage results). Again, our estimates of 

     are not statistically different from that 

found before and range between 0.48 and 0.55. 

Another possible reason for the difference 

between our results and those of other resear- 

chers comes from the potential bias from the 

inclusion of São Paulo in our sample. Based on 

our calculation using 1991 and 2000 census 

data, São Paulo receives a disproportionate 

share of 15% of rural–urban migrants in Brazil, 

and is a disproportionately large city in Brazil. 

Furthermore, we use the distance to São Paulo 

from rural areas to construct our instrument, 

and thus, it may be correlated with the error 

term. Therefore, we run our regressions 

excluding the city of São Paulo and report our 

results in row 6 of Table 6 (first stage results) 

and in row 6 of Table 2 (OLS and second stage 

results). Again, our estimates of      are not 

statistically different from our previous 

findings and range between 0.56 and 0.58. 

We use nine years of education as the split 

between high and low skill workers because of 

Brazil’s low levels of education. However, 

previous studies have used 12 years of 

education as the distinction. Therefore, we 

redefine high skill workers as those with 12 or 

more years of education and low skill workers 

as those with less than 12 years of education. 

Our results are reported in row 7 of Table 6 

(first stage results) and row 7 of Table 2 (OLS 

and second stage results). Again, our estimates 

of      are not statistically different from our 

previous findings and range between 0.57 and 

0.58. 

Finally, we conduct other robustness checks 

to address issues that are specific to Brazil but 

do not report these results as there is no 

comparison to be made in the literature. A 

major difference between developed and 

developing countries is the existence of large 

informal markets in developing countries. This 

may affect our estimates in two ways. First, 

wages will not reflect full compensation in the 

formal sector; however, if there are 

compensating wage differentials, they do 

reflect full compensation in the informal 

sector. Therefore, changes in the size of each 

sector across time would bias our estimates. 

Furthermore, if there is market segmentation 

and wages in the informal sector do not 

compensate individuals for the absence of 

other benefits, then workers in the formal and 

informal sectors are imperfect substitutes in 

production, and thus, our production function 

specification needs to include this. We rerun 

the regressions in the formal and informal 

sector that we obtain in the second stage of our 

instrumental variable approach with city 

dummies; this  gives  an  estimate  of        of 
0.45 for the formal sector and 0.82 for the 

informal sector, both of which are not 

statistically different from our previous results.  
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Another major difference between Brazil 

and countries in the existing literature is the 

difference between public and private sector 

labor incomes, which are not reflected in 

wages. 

For instance, public sector employees 

 
Table 6: First stage estimates of the instrument on the log of recent migrants for different specifications 

described in Sub-sections 4.1 and 4.2. 
First stage of IV - Ratio of workers and migration 

  Change in log ratio of 

 high to low skill workers 

 

 
(1) (2) 

Basic regression 0.296 0.533 

 (43.45) (126.69) 

SPIV-1 0.542 0.541 

 (144.29) (137.20) 

SPIV-2 0.0093 0.628 

 (1.02) (143.32) 

SPIV-3 0.542 0.541 

 (144.00) (65.12) 

Weighted 0.292 0.444 

 (31.30) (55.48) 

Excluding SP 0.294 0.533 

 (42.68) (124.79) 

12 years of 0.078 0.426 

Education (3.74) (34.86) 

Trend Yes Yes 

City fixed effects No Yes 

Year dummies No No 

Observations 237 237 
Note: High skill is defined as individuals with 9 or more years of education, except in row 6, where the threshold is moved to 12 or more 

years of education. SPIV-1 and SPIV-2 are two versions of the standard supply–push instrumental variable. The sample includes men only 

between the ages of 15 and 55 years. F-statistics are in parentheses from clustered-robust standard errors. 

 

benefit from more stable jobs and better 

pension schemes (Emilio et al., 2012). 

Nevertheless, previous research has found that 

returns to education are higher in the public 

sector (Tannen, 1991) and that workers gain on 

average 3.9% more in wages when they 

transfer from the private to the public sector 

(Emilio et al., 2012). Therefore, we run the 

same regressions without workers in the public 

sector6. Our estimate of       in the second 

stage of our instrumental variable approach 

with city dummies, of 0.37, is not statistically 

different from our previous results. 

Finally, Borjas et al. (2011) argue that 

trends do not correctly control for changes of 

specific productivity over time. Therefore, we 

run the same regression, including year 

dummies, to control for changes in 

productivity over time. While our point 

estimates remain unchanged, our second stage  

 

                                                      
6 We exclude only workers employed directly by the government 

because we cannot identify state owned enterprises. However, 

the number of these state owned enterprises started to decline 

after 1979 with successive privatization initiatives (Baer, 2013), 

so that total employment in state owned enterprises declined to 

10% of the total workforce in 2008 (OECD, 2011). 

 

instrumental variable coefficients are no longer 

statistically significant. 

5.  SIMULATION RESULTS 

Table 1 shows that the wage gap between 

high and low skill men decreased by 23% 

between 1991 and 2000. In this section, we 

show how increases in the relative supply of 

high to low skill workers in urban areas, driven 

by rural migration, affect this wage skill 

premium. The ratio of high to low skill 

workers increased from 40% in 1991 to 69% in 

2000 in urban areas, while the ratio of high to 

low skill rural migrants increased from 37% in 

1991 to 47% in 2000 (Table 1), despite the fact 

that in rural areas the ratio of high to low skill 

non-migrant only increased from 12% in 1991 

to 16% in 2000 (Table 3).  

We use our estimates of      to simulate 

the impact on the wage skill premium from the 

relative increase in the number of high skill 

male workers due to rural migration. 

Following Borjas (1999), we use Equation 6 

and redefine                 , where 
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 is the ratio of the stock of migrants 

of skill i at year t to the number of non-

migrants local workers,    , of skill i in the 

same year t. 

 

   
  

  
     

  

      
  

 

    
   

     

     
  

 

    

                                    (12) 

 

 

If we assume as in Borjas (1999) that there 

are no changes in 
  

      
 over time and that the 

numbers of high and low skill non-migrants 

and high and low skill workers remain constant 

over time, then using the approximation      

          , we can obtain the first difference as 

follows. 

    
  

  
   

 

    
                       (13) 

This allows us to simulate the contribution 

of rural–urban migration on the changes in 

relative wages. Because we assume that the 

number of non-migrants did not change, then 

 mit= Migit/Loci,t 10, where  Mig
it

 is the flow 

of rural–urban migrants into the city between 

years, which is reported in Table 1, and 

Loci,t 1 is the number of local male workers in 

the city from the previous census year in the 

same table. Surprisingly,             is only 

0.6%, which implies that migrants have very 

similar observable characteristics to local non-

migrant city residents.  

Using our initial estimate of the elasticity of 

substitution between high and low skill 

workers,       of 0.56, we find that the inflow 

of rural migrants into cities in Brazil leads to 

only a 1.1% reduction in the wage gap between 

high and low skill workers, which explains 

only 5% of the variation in the data.  

By comparison, if we were to use the 

estimate of      from the international 

migration  literature, that is, 1.5 (Ottaviano and 

Peri, 2008), then the inflow of rural migrants 

into urban cities leads to only a 0.4% reduction 

in the high to low skill wage gap, which 

explains 1.8% of the variation in the data. 

Therefore, use of the international migration 

literature parameters greatly underestimates the 

impact of internal migration in the order of 

more than half. 

These results clearly indicate that, although 

the inflow of rural migrants into cities in Brazil 

reduces income inequality, which is consistent 

with the findings of Borjas et al. (1992) and 

Ottaviano and Peri (2008), this inflow is not 

the main driver of the changes in the wage skill 

premium in Brazilian cities.  

 Perhaps more importantly, use of the 

elasticity of substitution between high and low 

skill workers from the international migration 

literature would bias our results downward 

even further. 

 

6.  CONCLUSION 

Internal migration flows, particularly in 

developing countries, are just as large as 

international migration flows. While there is an 

extensive body of literature on the impact of 

international migration on receiving commu- 

nities, the literature on internal migration is 

much smaller, in particular regarding the 

impact on wage skill premiums. Analysis of 

this issue is important as there is much debate 

about how to decrease inequality within public 

policy. In particular, regional policies that 

attempt to reduce interregional migration often 

target investment in transport infrastructure in 

order to attract workers from surrounding areas 

and promote agglomeration economies. This 

increased internal movement of workers can 

lead to increased intraregional inequalities, 

which must be taken into consideration when 

designing regional policies. 

This study showed that rural–urban 

migration contributed to reducing the wage 

skill premium, a measure of income inequality, 

by 1.1% in Brazilian cities between 1991 and 

2000. However, this explained only 5% of the 

actual variation in the data, suggesting that 

rural–urban migration is not the main driver of 

the decline of the wage skill premium. This is 

because, in Brazil, rural–urban migrants have 

similar observable characteristics to local 

urban residents and despite the fact that the 

elasticity of substitution between high and low 

skill workers in Brazil is up to a third smaller 

than that found in the international migration 

literature. This implies that changes in the 

relative supply of high and low skills workers 

have a much larger impact on the wage skill 

gap in Brazil than in the US or UK. 
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The fact that we found that high and low 

skill workers are gross complements in 

production         , implies that, unlike 

what has previously been found for the US by 

Kiley (1999), Acemoglu (2002), Klump et al. 

(2007), and Leon-Ledesma et al. (2010), skill 

biased technological progress over this time 

period is one of the drivers in the reduction in 

the wage skill premium. As pointed out by 

Acemoglu (2002), an improvement in the 

relative productivity of skilled workers 

increases the demand for both high and low 

skill workers so that wages for low skill 

workers increase by more than those of high 

skill workers, reducing the wage skill 

premium. As a result, recent public policies 

investing in human capital can potentially have 

more benefits in Brazil than usually believed. 

In particular, such policies can not only 

increase income of low skill workers but also 

benefit high skill workers, while also reducing 

income inequality. 

A further contribution of this study is that it 

addressed the potential endogeneity of 

migration flows by using exogenous push 

factors from rural areas (rainfall shocks and 

reduction in transport costs) to construct 

instrument variables for migration flows into 

urban areas. Our results were consistent with 

those using the standard SPIV technique of the 

migration literature. Given the fact that each 

technique relies on different assumptions for 

identification, it is particularly reassuring for 

our results that we addressed potential 

endogeneity problems correctly. 
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