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Abstract 

The aim of this paper is to investigate wage structure in Brazil between 2002 and 2015 based on National 

Household Surveys (PNADs). Given the nature and simultaneity of economic changes in the assessed period, as 

well as their potential impacts on the labor market, it is reasonable to assume that, despite the stylized fact that 

wage structure is quite stable, there have been non-negligible changes in the structure of relative wages. First, the 

labor market has become highly segmented and complex. Second, changes in wage structure have been observed. 

Relative wages in some sectors have increased, whereas relative wages in other sectors have decreased, suggesting a 

tendency towards resource allocation to sectors. There are remarkable potential impacts on income and on labor. 

Sectors that stand out include petroleum and alcohol, mineral extraction, and civil construction. However, if 

indirect effects are taken into account, via value chains, the petroleum and civil construction sectors have a major 

contribution. Fund transfers to these sectors would increase good-quality jobs, productivity, and economic value 

added. Aside from these changes, the international economy has been put through profound transformation (e.g., 

financial crisis, changes in relative prices), which has affected the sectors unevenly. 

Keywords: wage determination, interindustry wage differential, segmentation, competitiveness, Brazil 

JEL Classification: JEL codes: J31. 

1. Introduction 

Years 2002 to 2015 were important for the Brazilian labor market. The average effective real earnings of people in 

formal work increased by 189.7% between 2002 (R639.3) and2015(R 1,852.2) according to the National Household 

Survey (PNAD), which was way above the real GDP per capita growth (34%), and labor productivity, which practically 

remained unchanged. Open unemployment went from 9.2% in 2002 to 8.5% or 9.7% in 2015. The informal sector 

shrank, and was, for the first time, smaller than the formal sector. Labor force participation rate broke some 

records, discrimination decreased, and participation of women, young individuals, and other minority groups 

increased in the labor market. At least three factors may be implicated in this movement (Arbache, 2012a). First, 

the quick demographic transformation Brazil has gone through, which has slowed down the growth rate of the 

economically active population. Second, the high growth of the service sector which, in general, is highly intensive in 

terms of unskilled workforce. Third, Brazilian labor laws, which straitjacket the labor market, chiefly in an 

environment with a lack of skilled labor, as was the case of Brazil in the period. Labor market changes were not 

homogeneous across sectors. Driven by the increase in family income, regional development, and natural 

protection barriers, the service sector increased its labor force participation – in 2015, the sector accounted for 

more than 50% of new formal work opportunities in the private sector, twice as high as the new job openings in 

2002. The service and trade sectors together accounted for over 74% of new job openings at the end of the 

decade. Industry and agriculture had a poor labor force participation. Extractive industries increased their 

participation, but hiring was down in absolute terms. 

The economy has been put through profound transformation. The exchange rate had strong appreciation after 

2006 and import penetration increased, followed by stagnation or drop in the export rates of several industrial 

sectors. At the beginning of the decade, industrial products accounted for most of the exports, but in 2011, their 

share decreased to slightly over one-third, and commodities, on the other hand, was the dominant sector 

regarding Brazil‟s participation in the international trade. The share of the industrial sector in value added 
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declined, whereas the service and commodities sectors gained momentum in the economy. 

In the international scenario, the decade was characterized by strong increases in commodity prices, the outbreak 

of the international financial crisis in 2008/2010 and its massive deleterious impacts on investments, capital flow, 

trade, and production. In addition, there were price and market volatilities and, as a response to the crisis, 

generalized intervention of countries in the economy and the adoption of highly unorthodox fiscal and monetary 

policies. 

Countercyclical policies introduced in Brazil in response to the crisis affected the sectors of activity in different 

ways. The upswing in civil construction is the most emblematic example. 

Given the nature and simultaneity of economic changes in the past decade and their potential impacts on the 

labor market, it seems reasonable to assume that, despite the stylized fact that wage structure is quite stable 

(Krueger & Summers, 1987, 1988; Allen, 1995; Arbache, Dickerson, & Green, 2004a), there have been 

non-negligible changes in relative wages. 

This analysis is important because it contributes, on the one hand, to the understanding of labor market dynamics 

and segmentation, wage inequality, and price setting. On the other hand, by identifying the sectors on the 

winning and losing ends based on the wage premium index, this analysis sheds further light on perspectives of 

competition at the sectoral level and it is useful for the formulation of industrial, technological, human capital, 

investment, and foreign trade policies. This paper is structured as follows. Section 2 looks at interindustry wage 

premiums. Section 3 describes the method, data, and descriptive statistics. Section 4 presents and assesses 

interindustry wage premiums at the one-digit and two-digit levels. Section 5 investigates whether the labor 

market would have been more or less segmented. Section 6 explores the behavior and characteristics of the wage 

structure. Section 7 looks at the relationship between wage premium and competition. Section 8 concludes. 

2. Literature Review 

Research into interindustry wage differentials has focused on attempts to contrast competition theories with 

efficiency wage theories (Krueger & Summers, 1988; Katz & Summers, 1989; Murphy & Topel, 1990; Arbache, 

2001). The most common empirical results are: (i) the individual‟s and firm‟s control variables are not enough to 

explain the wage differential; (ii) interindustry wage differentials are persistent over time; (iii) there is strong 

correlation between wage premium per occupation and firm size and characteristics in the same industry; (iv) 

efficiency wage models explain, at least in part, the wage differential; (v) certain industries pay all workers high 

wages, whereas other industries pay all workers (from CEOs to unskilled workers) low wages. The basic 

conclusion of the literature is that industrial affiliation is the main source of wage dispersion. 

Recently, Jayanthakumaran, Sangkaew and O‟Brien (2013) investigate trade-related industrial wage premiums 

from Thailand. They used the methodology of Krueger and Summers (1988), a two-stage estimation procedure 

to estimate industry wage premiums after controlling for workers‟ characteristics and linking wage premiums 

with explanatory variables that reflect the labor market and trade liberalization. After controlling for observable 

worker characteristics, wage premiums were found to be high in industries identified as capital and technology 

intensive such as petroleum and chemical products, presumably requiring more skilled workers. The presence of 

a positive effect of firm size on workers‟ wages is well documented in the economic literature (Oi & Idson, 

1999a). Edin and Zetterberg (1992) and Arai (1994) find considerable differences in wage levels between 

industries when controlling for the characteristics of individuals and firms. According to Idson and Oi (1992) the 

theory and evidence is persuasive and supports the conclusion that companies that reach large sizes create jobs 

(technologies, equipment and work organizations) that must be matched with more productive individuals. 

For Brazil, the literature has also described great impact of industrial affiliation on wage differential (Arbache, 

2001; Arbache, Dickerson, & Green 2004b, 2001; Arbache & De Negri, 2004; Arbache & Corseuil, 2004; inter 

alia). 

Increasing returns to scale, innovation intensity, technology absorption, changes in market competition structure 

(e.g., competition with China), and government incentives are among the possible causes for the changes in the 

structure of interindustry wage premiums in open economies, such as Brazil. Whichever the cause, ceteris 

paribus, the change in relative wages will lead to reallocation of resources at the sectoral level. 

If interindustry wage premiums result from factors such as technology, capital stock per worker, increasing 

returns, and profitability, they can be viewed as indicators of competitive potential. Accordingly, theories such as 

the strategic trade policy (Eaton & Grossman, 1986; Brander, 1995; Spencer & Brander, 2008) provide 

justification for public interventions that promote the development of industries with competitive potential in 

oligopolies. 
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More recently, partly as a response to the financial crisis and to China‟s state capitalism policies, justifications 

have been provided for vertical public interventions combined with horizontal interventions in favor of 

growth-enhancing sectors. This category includes sectors with high potential for increased productivity, 

competition, exports, technological innovation, and welfare (e.g., Nunn & Trefler, 2010; Aghion et al., 2011). If 

wage premiums capture, at least in part, this potential, then policies should benefit sectors that demonstrate 

potential increase in wage premium and job creation. 

The most usual objective of the wage differential literature is to test the hypothesis of the law of one price and its 

effect on wage determination. In a competitive labor market, workers with identical characteristics should be 

paid the same wages and industrial affiliation should not affect wages. In this case, interindustry wage dispersion 

should be very small or close to zero, since, in principle, one should not expect an employer to pay workers with 

similar production more than the market wage. Occasional wage differences would be related to differences in 

workers‟ production characteristics, working conditions, occupation, etc., but not to industrial affiliation. 

Alternative wage determination theories abound, seeking to explain the persistent wage differential. 

A good wage determination theory, however, should be able to explain why an employer pays a certain employee 

more, as this employee could be replaced with another one with a lower wage. The answer to this question is one 

of the major goals of efficiency wage models. The rationale is that not only do the characteristics of workers, as 

proposed by the competitive labor market model, but also labor demand affect wage determination. Moreover, 

institutional issues, such as trade union action, may have decisive effects on the wage determination process. 

It is not possible to classify wage differential theories by order of importance, as one theory could be more 

appropriate than another one to explain specific labor market phenomena. Furthermore, since labor market 

phenomena are prone to changes, given that social and economic organization changes over time and is 

influenced by ever-changing institutions and culture – a theory could be relevant to explain a phenomenon in a 

given period but irrelevant to explain it in another period and/or context. 

In recent decades, the theory of labor market segmentation has been extensively investigated, as an attempt to 

explain problems such as wage dispersion and structure. Numerous factors have been indicated as sources of 

segmentation, such as geographic regions, workers‟ demographic characteristics like sex and skin color, unions, 

labor market regulation, among others. Nevertheless, even before the boom of market segmentation literature in 

the 1970s, industrial affiliation had been shown to play a crucial role in wage dispersion. 

As a matter of fact, a vast number of studies conducted for countries in different stages of development and types 

of institutions governing the labor market have pointed out industrial affiliation as the source of wage dispersion 

(e.g. Dickens & Katz, 1987; Krueger & Summers, 1987). This literature underscores that industrial 

characteristics such as market concentration, capital-labor ratio, profitability, and trade union density have a 

strong impact on wage determination, changing the perspective of analysis from the supply side to the demand 

side. The more concentrated the industry, or the more market power held by firms in this industry, the higher the 

average wages. The most common explanation to the relationship between market concentration, profits, and 

wage differentials lies in the cost of strikes and other types of protests that affect the normal pace of production 

operations of firms in concentrated markets, which are usually highly profitable due to monopoly rents. Workers 

affiliated with industries that adopt expensive technologies and complex production processes are presumably 

paid higher wages. The rationale behind it is that there is a high degree of complementarity between capital and 

labor in these sectors and that employee turnover is costly and affects the speed of production. 

The rate of union workers in an industry would also affect wage determination. There would be a positive 

relationship between trade union density and union power to negotiate wages. 

Doeringer and Piore (1971) argued that a firm‟s technology is associated with the domestic labor market. 

Technologically advanced firms require training that is specific to their needs, which, to a certain extent, are 

acquired after some time working at the firm. Wages are used to retain workers and to reduce turnover, thus 

leading to wage differentials. With the advent of efficiency wage models in the 1980s, new emphasis was placed 

on industrial affiliation as source of wage differential. These models propose an interplay between characteristics 

of the firm and industry and wage determination, incorporating several aspects of the afore-mentioned theories. 

The models show that wage differential may stem from an optimal equilibrium. 

3. Method, Data, and Descriptive Statistics  

3.1 Method 

To assess the behavior of interindustry wage premiums and wage structure, wage determination models based on 

the Mincerian approach were estimated. The model proposed by Haisken-DeNew and Schmidt (1997) was used. 
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This model corrects and improves the method originally developed and popularized by Krueger and Summers 

(1988). As approached in Haisken-DeNew and Schmidt (1997), this improved procedure provides more 

meaningful economic interpretation of coefficients that measures the deviation from an overall average rather 

than from a base category. Following the Haisken-DeNew and Schmidt (1997) procedure, we employ the exact 

formula to compute both adjusted and weighted standard deviations of transformed inter-industry wage 

premiums and a summary measure of the overall variability of industry wage 

𝑙𝑛𝜔𝑖𝑗 = 𝛼 + 𝛽𝑋𝑖 + 𝜑𝑍𝑗 + 𝜀𝑖𝑡                                (1) 

where lnwij is the natural logarithm of the real hourly wage paid to worker i at industry j; Xi is the vector of 

individual, geographic, and corporate characteristics; Zi is the vector of dummies for the industry, including all 

industries; α is the intercept; εif is the stochastic term for unobservable characteristics inherent to wage statistics; 

β and φ are the parameter values. As all industry dummies are included in the model, a linear restriction j is 

imposed as follows: 

∑ 𝜔𝑗𝜂𝑗𝑗                                          (2) 

where 𝜂𝑗  stands for workers‟ participation at industry j. The estimated coefficients indicate the proportional 

wage difference for a worker at industry j and for the average worker representative of the whole set of industries 

analyzed. The coefficients are directly interpretable and have accurate standard errors.  

The standard deviation of the wage differential is calculated as follows: 

𝑆𝐷(𝜑) = √𝜂′ (𝐻(𝜑𝑗))𝜑 −  𝜂′�̅� (𝑉(𝜑𝑗))                            (3) 

where  𝑗
  is the variance of the estimator, φ. SD provides the adjusted and weighted standard deviation of the 

coefficients of industries, H(.) transforms the column vector into a diagonal matrix, whose diagonal is given by 

the column vector; D denotes the column vector formed by the diagonal matrix elements; and V is the 

variance-covariance matrix.  

This technique allows checking whether industrial affiliation is relevant in explaining wages beyond individual, 

geographic, and corporate characteristics. In other words, it allows identifying a “premium” for being associated 

with a sector. This premium may be positive or negative, and variables such as technology, market structure, 

value added, productivity associated with skills that were not measured or captured by conventional statistics, 

but perceived by firms during recruitment and/or retention of human resources, would be the sources of these 

premiums.  

3.1 Data 

National Household Survey (PNAD) data from 2002 to 2015 were used. To minimize measurement bias and 

sampling errors associated with unobserved variables, the data were filtered as follows: men, aged 18 to 65 years, 

in the formal sector, with wage from the major job (full-time). The wages were deflated by the National 

Consumer Price Index (INPC). The variables are described in Table A1 in the Appendix. The sample comprised 

689,206 individuals and the average sample per year included 52,860 workers. Industrial affiliation 

disaggregated data at the one-digit and two-digit levels were used. The paper focuses on two-digit data. 

3.2 Descriptive Statistics 

Table 1 shows the descriptive statistics for the main variables. Table 2 shows the variables included in the article 

and their identifications. 

 

Table 1. Estatísticas descritivas 

Variáveis Média DP Variáveis Média DP 

Salário 1116,46 1388,79 Norte 0,09 0,29 

Grau1 0,3 0,46 Nordeste 0,21 0,41 

Grau2 0,5 0,5 Sudeste 0,38 0,48 

Grau3 0,14 0,35 Sul 0,21 0,41 

Posgrad 0,01 0,08 Coeste 0,11 0,31 

Exper 18,44 12,01 Tenuy 4,21 5,76 

Exper2 484,24 563,61 Metrop 0,49 0,50 

Sind 0,24 0,43 Urban 0,96 0,19 

Branca 0,51 0,5       
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Table 2. Variables included in the article 

 
Source: PNAD/IBGE. 

 

Table 3. Participation in employment (%) - 1 digit 

Sectors 2002 2003 2004 2005 2006 2007 2008 2009 2011 2012 2013 2014 2015 

Agriculture 1,7 1,8 1,9 1,8 1,7 1,6 1,7 1,5 2,4 2,2 2 2 1,9 

Extractive industry 0,6 0,7 0,8 0,7 0,8 0,7 0,7 0,8 0,3 0,3 0,3 0,3 0,3 

Transfor.n industry 15,9 15,7 16,4 15,8 15,5 15,7 15,3 14,3 15,9 16,1 15,9 15,7 15,4 

Construction 6,3 5,4 5,7 5,7 6 6,2 7,4 7,4 5,8 5,9 6,2 6,2 6 

Business 19,2 20 18,9 19,9 20 20,3 19,4 20,2 15 14,8 14,7 15 14,9 

Accommod. and food 3,4 3,4 3,4 3,4 3,5 3,7 3,4 3,6 4,9 4,7 4,6 4,7 4,9 

Tranp, store. Communic 12,9 12,6 12,7 12,1 12,2 12,1 12,4 12,2 14,6 15 16 15,9 16,5 

Education and health 5,4 5,6 5,4 5,4 5,4 5,2 5,4 5,5 6,6 6,6 6,6 6,5 6,5 

Financial intermed. 29,1 29,1 29 29,7 29,4 28,9 28,7 29,5 27,7 27,8 27,1 27,4 27,3 

Subtotal 94,5 94,3 94,2 94,5 94,5 94,4 94,4 95 93,2 93,4 93,4 93,7 93,7 

Industries not includ. 5,5 5,7 5,8 5,5 5,5 5,6 5,6 5 6,8 6,6 6,6 6,3 6,3 

Source: PNAD/IBGE. 

 

Tables 3 and 4 show the labor structure at the one-digit and two-digit levels, respectively. In general, the labor 

force participation of sectors remained relatively stable, but important changes occurred. The participation of the 

industrial and agricultural sectors waned, whereas that of the mineral extraction, civil construction, and service 

sectors increased. Table 5 and 6 show the behavior of real wages at the two-digit and one-digit levels. It is clear 

that real wages also rose substantially at this level, but wage dispersion decreased. In fact, the coefficient of 

variation dropped from 1.28 in 2002 to 1.10 in 2015, suggesting a tendency towards lower wage dispersion over 

time. Figure 1 shows the average productivity of Brazilian workers during the study period. Labor productivity 

also varied considerably across sectors. Productivity in the processing industry grew on average 0.9% per year 

between 2002 and 2015. Productivity rose 0.5% per year in the service sector; 1.8% in the extractive sector; and 

4.3% in the agricultural sector (Ipea, 2012). The Brazilian economic period was characterized in the 2000s by 

significant structural changes in relation to previous decades, many of which were driven by the foreign market, 

the labor market and, mainly, the economic stabilization policy. 

 
Figure 1. Worker productivity index in industry Brazil: 2002-2015 

Source: IBGE 
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Table 4. Employment participation (%) - 2 digits 

 
Source:PNAD/IBGE. 

 

 

. 

 

Industrial 2002 2003 2004 2005 2006 2007 2008 2009 2011 2012 2013 2014 2015

Agricultural 8,84 9,24 9,47 9,39 8,77 8,23 8,5 7,86 8,74 8,07 8,05 8,08 7,54

Food-Drinks 4,29 4,05 4,14 4,11 4,44 4,34 4,35 4,27 1,32 1,42 1,4 1,3 1,28

Smoke 0,06 0,07 0,07 0,04 0,03 0,05 0,05 0,04 0,02 0,02 0,02 0,02 0,01

Textiles 1,37 0,98 1,05 1,06 0,99 0,94 0,98 0,92 0,45 0,49 0,51 0,52 0,46

Clothing 0,59 0,7 0,72 0,78 0,70 0,78 0,69 0,70 1,15 1,36 1,25 1,15 1,04

Leathers 2,03 2,15 2,04 2,00 1,90 1,88 1,56 1,63 0,52 0,49 0,46 0,44 0,39

wood 1,93 1,76 1,79 1,68 1,52 1,32 1,05 1,09 0,33 0,26 0,28 0,4 0,35

Cellulose-Paper 0,64 0,68 0,68 0,61 0,65 0,7 0,64 0,50 0,17 0,17 0,17 0,16 0,15

Edition-Print 0,98 0,9 0,87 0,89 0,87 0,86 0,86 0,84 0,23 0,23 0,22 0,2 0,21

Oil-Alcohol 0,44 0,45 0,54 0,41 0,41 0,65 0,64 0,72 0,15 0,13 0,11 0,14 0,1

Chemicals 1,95 2,36 2,41 2,02 2,16 2,38 1,61 1,58 0,4 0,36 0,4 0,42 0,39

Rubber-Plastic 1,09 1,1 1,1 1,2 1,13 1,22 1,08 1,03 0,2 0,23 0,2 0,23 0,24

Non-Metallic Minerals 0,16 0,18 0,18 0,2 0,16 0,17 0,2 0,13 0,04 0,05 0,05 0,05 0,04

Basic Metallurgy 1,26 1,39 1,31 1,4 1,49 1,39 2,08 1,58 0,31 0,25 0,25 0,25 0,2

Metal Products 2,11 2,1 2,12 2,05 2,08 2,41 2,12 1,72 0,51 0,49 0,48 0,49 0,48

Machines-Equipment 2,01 2,38 2,54 2,42 2,19 2,37 1,95 2,39 0,56 0,57 0,58 0,54 0,49

Equip. IT 0,09 0,11 0,11 0,1 0,09 0,11 0,11 0,11 0,03 0,02 0,03 0,03 0,02

Machines, Apar. Electrical 0,39 0,41 0,53 0,54 0,49 0,39 0,62 0,52 0,11 0,1 0,09 0,11 0,09

Apar.Equip. Communications 0,34 0,34 0,47 0,41 0,45 0,46 0,28 0,25 0,06 0,06 0,06 0,06 0,06

Equip. from instrum.hospitalares 0,25 0,27 0,28 0,24 0,28 0,22 0,23 0,20 0,08 0,07 0,06 0,07 0,06

Auto-vehicles 1,7 1,67 1,73 1,84 1,76 1,77 1,95 1,73 0,41 0,5 0,47 0,4 0,33

Equip. Transport 0,39 0,4 0,46 0,43 0,49 0,41 0,45 0,52 0,09 0,11 0,11 0,12 0,12

Miscellaneous Furniture and Industries 1,7 1,39 1,43 1,48 1,31 1,33 1,31 1,15 0,71 0,69 0,6 0,47 0,46

Recycling 0,05 0,1 0,14 0,14 0,12 0,12 0,19 0,15 0,05 0,06 0,06 0,07 0,06

Extraction of mineral coal 0,01 0,01 0,01 0,02 0,00 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01

Oil extraction 0,13 0,2 0,28 0,19 0,19 0,18 0,21 0,33 0,07 0,09 0,06 0,09 0,07

Extraction of metallic minerals 0,25 0,21 0,36 0,25 0,40 0,3 0,44 0,41 0,09 0,12 0,12 0,12 0,1

Extraction of non-metallic minerals 0,42 0,52 0,48 0,55 0,49 0,67 0,47 0,53 0,14 0,1 0,11 0,09 0,08

Electricity, gas and hot water 0,6 0,64 0,68 0,63 0,77 0,59 0,58 0,63 0,17 0,17 0,17 0,18 0,17

Collection, treatment and distribution. Water 0,11 0,2 0,24 0,12 0,15 0,17 0,15 0,19 0,12 0,1 0,11 0,13 0,12

Construction 8,43 7,21 7,57 7,65 8,08 8,35 9,91 10,01 6,15 6,35 6,63 6,76 6,25

Vehicle trade and repair 5,3 5,28 4,99 5,25 5,33 5,46 5,47 5,42 2,33 2,36 2,35 2,41 2,34

Trade intermediaries 15,23 16,16 15,06 16,04 16,12 16,24 15,3 16,51 10,35 10,36 10,14 10,58 10,13

Accommodation and food 3,02 3,05 3,01 3,06 3,12 3,26 3,04 3,22 4,94 4,79 4,65 4,8 5,02

Transport, Warehousing and Communication 7,34 7,17 7,09 6,77 6,95 6,68 6,93 6,74 3,06 3,11 3,11 3,1 2,98

Water transportation 0,2 0,18 0,16 0,16 0,16 0,15 0,17 0,20 0,06 0,06 0,06 0,07 0,05

Air Transport 0,26 0,23 0,24 0,22 0,16 0,19 0,15 0,22 0,07 0,07 0,07 0,06 0,05

Activ. aux. of transp. ag. on a trip 0,86 0,92 0,84 0,77 0,86 1,02 0,94 0,99 0,32 0,33 0,33 0,35 0,38

Post and telecommunications 1,19 1,17 1,27 1,31 1,17 1,18 1,26 1,30 0,46 0,48 0,42 0,44 0,4

Education 1,82 1,8 1,78 1,87 1,71 1,76 1,81 1,86 4,05 4,14 4,38 4,42 4,34

Health and social services 1,36 1,55 1,42 1,42 1,49 1,34 1,39 1,42 2,8 3,01 3,19 3,24 3,34

Urban cleaning and sewage; 0,46 0,48 0,5 0,48 0,42 0,44 0,45 0,48 0,1 0,09 0,14 0,15 0,13

Associative activities 0,4 0,46 0,48 0,39 0,44 0,44 0,42 0,46 0,33 0,39 0,31 0,37 0,32

Recreational, cultural activities 1,41 1,28 1,36 1,23 1,25 1,17 1,28 1,21 0,85 0,82 0,81 0,88 0,85

Personal services 0,25 0,31 0,28 0,3 0,36 0,3 0,32 0,38 1,44 1,54 1,55 1,68 1,63

Interm. Financ.seg. and previd. Priv. 1,41 1,43 1,22 1,07 1,18 1,21 1,12 1,01 0,67 0,64 0,68 0,68 0,63

Insurance and private pension 0,29 0,33 0,25 0,24 0,21 0,28 0,33 0,25 0,09 0,09 0,09 0,1 0,09

Aux. Activities interm. financial 0,15 0,2 0,23 0,18 0,18 0,19 0,14 0,18 0,15 0,17 0,17 0,15 0,13

Real estate activities 2,49 2,32 2,48 2,36 2,30 2,17 1,85 2,29 0,64 0,7 0,71 0,71 0,69

Car rental, machine. and equip. 0,22 0,24 0,17 0,23 0,20 0,2 0,16 0,25 0,09 0,08 0,09 0,09 0,08

Computer activities 0,63 0,68 0,66 0,75 0,78 0,84 0,86 0,83 0,43 0,43 0,39 0,4 0,4

Research and Development 0,07 0,05 0,02 0,04 0,04 0,04 0,05 0,04 0,03 0,04 0,04 0,04 0,03

Services provided to companies 7,72 7,73 7,75 8,37 8,20 7,93 8,25 8,49 4,14 4,23 3,89 4,1 3,95
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Table 5. Average real wages (R $) 2 digits 

 

Source:PNAD/IBGE. 
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Table 6. Average real wages (R$)- 1 digit 

Sectors 2002 2003 2004 2005 2006 2007 2008 2009 2011 2012 2013 2014 2015 

Agriculture 543 606 647 724 728 710 802 874 1087 1241 1345 1317 1483 

indus_extrativ 1164 1359 1414 1534 1731 1756 1941 2082 2329 2674 2914 3194 3387 

Indus_Transf 732 807 833 952 1006 1047 1129 1201 1380 1538 1683 1822 1894 

Constr_Civil 736 766 819 939 1006 1043 1086 1141 1367 1563 1736 1803 1985 

Business 765 803 852 923 994 1026 1125 1147 1352 1497 1591 1719 1744 

Aloj_Alimen 556 612 719 760 800 824 875 940 1126 1258 1352 1408 1512 

Tranp_Arm_Com 861 935 1028 1046 1127 1225 1308 1430 1550 1691 1830 1961 2004 

Educ_Saude 841 925 991 1067 1167 1231 1335 1460 1742 1902 2109 2233 2420 

Serv_Domes 283 318 342 381 429 467 509 565 673 767 841 913 972 

Ser-Col-Soc=Pes 759 781 858 941 1020 1142 1246 1247 1515 1636 1752 1905 2018 

IntFin_Seg_Priv 1088 1171 1208 1296 1388 1473 1572 1645 2014 2176 2413 2498 2628 

Source: PNAD/IBGE. 

 

4. Interindustry Wage Premiums 

Figure 1 shows the distribution of average wage premiums. The premiums range from -22.2% to 75.4% and are, 

therefore, quite disperse, thus confirming the stylized fact that the Brazilian labor market is highly segmented. 

 

 

Figure 2. Interindustrial salary premium - 2 digits - with control 

Source: PNAD/IBGE. 

 

Table 7 shows controlled wage premiums at the two-digit level. The results underscore that industrial affiliation 

is the primary source of wage determination and differential. Just like at the one-digit level, the inclusion of 

controls substantially alters the coefficients, especially the relevance of industrial affiliation. In 2015, a worker in 

the petroleum extraction sector earned 75.4% more than other workers with the same characteristics, whereas a 

worker in the rubber-plastic sector earned 3.79% less. Note: All coefficients are statistically significant at 1%. 

The education and health sectors showed an opposite behavior, as wage premiums dropped after the inclusion of 

controls in the model. The premium plummeted, going from 21.5%, when not controlled for, to less than -1.31%, 

when controlled for. 
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Table 7. Interindustrial salary premium - 2 digits - with control 

 

Source: PNAD/IBGE. 

 

This suggests that workers in these sectors were relatively underpaid for the activities they per- formed. A similar 

situation was observed among workers in financial institutions, where wages decreased after the inclusion of 

controls. The uptrend of wage premium in the processing industry is noteworthy, as it occurred during the period 

in which the sector lost share in value added and productivity dropped. 

Firstly, this may be explained by the fact that, despite the lower participation of the sector in the economy, the 

industry‟s decline might not have taken place yet and the sector might have kept its more advanced and 

sophisticated characteristics, where some of the least competitive firms might have taken themselves off the 

market, leading to a composition effect. 

Secondly, there was remarkable growth of production in the industry in the period, but at lower rates than in 

other sectors, which could have maintained profit in the sector. 

Thirdly, the sector might have invested in technologies that require luring and keeping skilled workers, either 

observable or unobservable human capital. 

Fourthly, given the ever-growing lack of skilled workforce and the uncertainties surrounding the future, the 
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sector might have retained at least some of the most skilled workers. Also, it is important to consider that low 

share in the GDP and/or in labor does not always mean that the sector has a lesser importance. More 

sophisticated indicators, such as industrial density, and international comparisons (Arbache, 2012b) suggest that 

the industry may influence the paths of the economy even if its direct share in the GDP is not high, as largely 

witnessed in the USA. While the industry accounts for only 11% of the value added and 9% of labor in the USA, 

it employs 35% of engineers and 68% of R &D in the private sector, and accounts for 90% of patents issued 

annually and creates, in general, good job opportunities, with wages way above the average and with health 

insurance and pension plans included (Katz & Hamp, 2013). 

4.1 Interindustry Wage Premiums 

To analyze the results of wage premiums in more detail, the following sections verify whether the market was 

more or less segmented, as well as the behavior of the wage structure and the characteristics of the industries that 

pay higher and lower wages. Controlled and Uncontrolled wage premiums at the one-digit level are reported in 

Tables 8 and 9, respectively. The coefficients show the proportional difference between the wage of a worker 

from the agricultural sector and the average weighted wage of a worker from all sectors. In 2015, a worker in the 

agricultural sector was paid, on average, 24.4% less than on the market, whereas a worker from the extractive 

sector earned 33.4% more. These results might, however, be underestimated or overestimated, as it is reasonable 

to assume a bias in the selection of workers based on the characteristics of the industry they are affiliated with, 

and also on factors associated with geographic nd demographic diversity not captured by the data. To minimize 

the problem, the wage models with individual, geographic, and corporate variables are controlled for. Once 

controlled, wage premiums change substantially (Table 8). In 2015, the wage in the agricultural sector was 

30.6% lower than that paid on the market. The premium for workers in the extractive sector was 21.5%. There is 

no single explanation for the change in industrial affiliation coefficients after the control, but selection bias, 

unmeasured skills and their interaction with industrial affiliation and specification problems are often amongst 

the major reasons (Gibbons & Katz, 1992; Arbache, 2001). Results indicate that the wage premium of the 

extractive sector, which was already high, increased over the decade. 

 

Table 8. Estimated equation with linear restriction for the formal private market with 1 digit and WITHOUT 

CONTROL for the period 2002-2015 
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Table 9. Estimated equation with linear restriction for the formal private market with 1 digit and WITH 

CONTROL for period 2002-2015 

 
 

This is likely due, in part, to the substantial increase of commodity prices of ores and petroleum and to the large 

profits made by firms in this sector. Civil construction, a traditional low-paying sector in Brazil, experienced a 

hike in wage premium after inclusion of controls in the models. The premium went from 0.5% in 2015 to 16.8% 

after including controls in the model. This upswing apparently mirrors the boom of civil construction in Brazil in 

the past decade, pushed by credit and large government-subsidized works and their effects on demand for labor, 

including skilled labor. 

5. Has the Labor Market Become More or Less Segmented? 

If larger integration of the world economy contributes to increasing the market dynamics of wage determination, 
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then it would be reasonable to expect convergence of interindustry wage premiums in Brazil and, consequently, a 

reduction in labor market segmentation. To test this hypothesis, analysis of variance and the coefficient of 

variation of wage premiums were estimated. 

The analysis of variance (Figure 3) shows that the inclusion of controls in the model increases the average 

coefficient of determination from 8.8% to 47.6%. Hence, the controls are important to explain wage 

determination. However, the controls fail to explain wages, as the coefficient of determination decreases 

monotonically, going from 47.6% in 2002 to 29.3% in 2015. As a matter of fact, the coefficients of the controls 

shrink over time, including unions, race, geographic regions, schooling, and metropolitan area. Trade union 

affiliation, for instance, had a 12.1% impact on wages in 2004, but the coefficient plummeted thereafter, going 

down to 7.7% in 2015. 

These results are intriguing. Firstly, they indicate lower wage segmentation associated with controls included in 

the model. Secondly, the sharper reduction in the coefficient of determination of the model with control indicates 

relative increase in the importance of industrial affiliation in the share explained in the model. Thus, it is 

reasonable to assume that industrial affiliation might have become relatively more important to explain wage 

determination. Thirdly, the decrease in the coefficients of determination suggests greater importance of variables 

not included in the model in explaining wage dispersion and suggests that wage determination became more 

complex over the decade. 

 

 

Figure 3. Analysis of variance - 2 digits 

 

Figure 4 shows the coefficient of variation (CV) of wage premiums. The higher the CV, the lower the wage 

dispersion. The decrease in CV indicates increase in wage dispersion. Dispersion increased in 2002 to 2003 and 

decreased thereafter until 2015. Therefore, in general, segmentation increased from 2009 onwards, which is 

likely associated, at least in part, with industrial affiliation and with unmeasured variables. 

 

 

Figure 4. Coefficient of variation, 2 digits with control 
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6. Behavior and Characteristics of the Wage Structure 

6.1 Changes in Wage Structure 

Table 10 shows that, notwithstanding the changes in labor market, wage structure remained relatively stable from 

2002 to 2015. However, the irregular magnitude of the correlation coefficients and the presence of a statistically 

nonsignificant coefficient (2013-2014) indicate non-negligible changes in interindustry wage structure (Irregular 

coefficients are not consistent with similar exercises carried out for Brazil based on comparable data, from the 

previous period (Arbache, Green, & Dickerson, 2004a). Although it is reasonable to assert that sectors that paid 

better (worse) at the beginning of the decade kept playing better (worse) throughout the period, there was a 

“musical chairs game.” 

This discrepancy suggests that changes in the wage structure would be associated with the interplay between 

industrial affiliation, controls, and unmeasured variables. 

 

Table 10. Correlogram of controlled wage premiums at two-digit level 

 
 

The 2002 ranking was used as reference. The results confirm the “musical chairs game.” The coefficients of the 

correlogram with uncontrolled premiums (Table 11) are high and stable, which is at odds with the correlogram 

for controlled premiums (Table 10). 

Computer equipment and ancillary financial intermediation activities are among the industries whose relative 

wages sank, whereas petroleum and alcohol and tobacco are among those industries whose relative wages were 

pushed up. 

 

Table 11. Correlogram of uncontrolled wage premiums at two-digit level 
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To assess wage structure, we decomposed the within-group and between-group components of wage premium 

variancen (Wage premium variance can be decomposed into premium variance within each industry over time 

(within-group component) and premium variance between industries over time (between-group component). If 

the wage structure is actually very strict, then, ceteris paribus, one should expect the between-group component 

to be similar to or lower than the within-group component. However, if the wage structure experienced 

remarkable changes, one should expect the between-group component to be much higher than the within-group 

component. The within-group component was 8.01%, whereas the between-group component was 14.71%, 

nearly twice as high, corroborating important changes in the wage structure. 

 

Table 12. Ranking salary premium - 2 digits - with control 

 
Source: PNAD/IBGE. 

 

7. Characteristics of Sectors That Pay Better and Worse 

Table 13 shows the 12 sectors with the highest and lowest wage premiums. Commodities sectors and those 

sectors with highly concentrated markets, such as air transport, petroleum extraction, mineral coal extraction, 

financial institutions, and automotive industry, and more technology-intensive sectors are among those which 

Industries 2002 2003 2004 2005 2006 2007 2008 2009 2011 2012 2013 2014 2015

Air Transport 1 2 4 1 2 2 5 2 3 3 2 4 3

Oil extraction 2 1 2 2 3 1 1 1 1 1 1 1 1

Equip. IT 3 3 24 18 10 9 3 16 24 24 17 6 36

Aux. Activities interm. financial 4 25 9 7 26 17 6 14 29 29 22 24 20

Interm. Financ.seg. and previd. Priv. 5 4 8 5 7 4 7 5 9 9 10 10 6

Computer activities 6 5 5 4 14 8 9 6 6 6 8 9 9

Equip. Transport 7 16 16 15 9 13 10 11 13 13 5 5 14

Equip. from instrum.hospitalares 8 19 13 20 13 22 17 10 20 20 26 26 25

Research and Development 9 22 1 43 47 21 44 37 5 5 28 22 32

Electricity, gas and hot water 10 8 17 19 11 12 16 7 10 10 6 12 7

Apar.Equip. Communications 11 13 14 15 16 15 21 24 32 32 14 13 46

Auto-vehicles 12 7 7 8 8 5 12 12 11 11 12 14 13

Extraction of metallic minerals 13 9 6 13 5 6 4 5 4 4 3 2 12

Chemicals 14 20 20 17 15 18 18 20 16 16 21 23 18

Edition-Print 15 10 29 22 28 24 24 26 25 25 35 18 23

Car rental, machine. and equip. 16 17 42 27 32 20 22 38 34 34 18 45 22

Water transportation 17 23 11 14 6 10 23 4 2 2 4 8 3

Basic Metallurgy 18 18 16 21 18 14 16 17 14 14 11 16 11

Machines-Equipment 19 11 18 11 12 11 14 18 22 22 15 19 15

Metal Products 20 28 22 26 23 19 20 23 18 18 24 20 19

Smoke 21 30 10 29 4 3 8 9 7 7 13 47 10

Extraction of mineral coal 22 12 3 3 1 53 2 15 15 15 9 11 2

Insurance and private pension 23 6 37 10 19 23 13 19 8 8 25 28 26

Non-Metallic Minerals 24 27 34 40 37 40 26 21 26 26 36 30 44

Post and telecommunications 25 14 19 23 24 25 27 28 31 31 34 38 38

Activ. aux. of transp. ag. on a trip 26 41 26 33 33 26 35 33 30 30 33 35 21

Oil-Alcohol 27 26 23 12 17 7 11 8 12 12 16 7 8

Recreational, cultural activities 28 37 32 32 29 30 28 36 35 35 37 27 40

Extraction of non-metallic minerals 29 35 28 9 25 16 25 13 17 17 19 15 17

Transport, Warehousing and Communication 30 29 30 30 31 31 33 34 27 27 27 25 27

Health and social services 31 31 25 31 30 33 34 25 42 42 42 38 39

Associative activities 32 42 38 41 36 44 29 43 41 41 41 44 47

Rubber-Plastic 33 34 33 25 22 27 31 30 38 38 30 32 28

Education 34 24 31 28 27 39 36 32 40 40 46 42 33

Machines, Apar. Electrical 35 21 12 24 21 29 19 22 19 19 23 23 24

Collection, treatment and distribution. Water 36 36 46 38 20 28 38 27 45 45 29 21 30

Cellulose-Paper 37 39 27 36 38 36 30 29 33 33 38 23 31

Vehicle trade and repair 38 32 35 34 34 34 39 35 28 28 32 31 29

Construction 39 38 36 35 34 34 39 35 21 21 20 17 16

Textiles 40 40 39 49 43 37 43 44 47 47 43 40 42

Recycling 41 33 45 53 44 49 51 48 43 43 48 43 35

Services provided to companies 42 44 44 42 39 43 42 41 37 37 40 39 37

Miscellaneous Furniture and Industries 43 45 41 37 41 38 40 39 36 36 39 37 41

Trade intermediaries 44 47 47 44 49 48 45 49 48 48 47 50 50

Agricultural 45 15 21 16 53 35 37 40 23 23 7 3 4

wood 46 48 43 48 45 41 41 42 39 39 34 36 34

Real estate activities 47 50 50 51 50 50 52 51 44 44 45 45 43

Food-Drinks 48 46 48 47 46 45 47 45 45 46 44 41 46

Accommodation and food 49 51 52 52 51 51 49 50 51 51 49 51 51

Leathers 50 43 49 45 42 46 48 52 52 53 53 53 52

Personal services 51 52 40 39 40 42 50 46 50 50 50 48 49

Clothing 52 49 51 46 48 47 46 47 53 53 52 52 53

Urban cleaning and sewage 53 53 53 50 52 52 53 53 49 51 51 49 48
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pay the highest premiums. On the other hand, sectors with more competitive markets, such as clothing, foods, 

recycling, and trade, sectors that use less technology, such as urban cleaning, housing, and wood, and sectors that 

require less capital stock are among those which pay the lowest premiums 

 

Table 13. 12 Minors and largest averages salary premiums average values 

Smallest Averages Larger Averages 

Têxteis -15,21 Oil extraction 58,28 

Food-Drinks -12,13 Air Transport 47,84 

Recycling -12,12 Extraction of mineral coal 39,43 

Personal services -11,57 Extraction of metal minerals 33,64 

Trade intermediaries -8,89 Interm. Fin.seg.previd. Priv. 28,73 

Real estate activities -8,16 Water transportation 27,80 

Leathers -8,00 Computer activities 27,48 

Accommodation-ood -5,91 Auto-vehicles 25,28 

Clothing -5,87 Equip. Transport 24,81 

Urban cleaning-ewage -3,22 Equip. IT 23,54 

Wood -2,60 Electricity, gas-hot water 22,88 

Miscell. Furniture. ndustries -1,51 Oil-Alcohol 21,79 

Source: PNAD/IBGE. 

 

Table 14 compares the 2002 and 2015 rankings and shows the sectors whose premiums increased and decreased 

the most. Among the sectors whose premiums increased the most are those directly or indirectly linked to the 

primary sector, such as mineral extraction, mineral coal, non-metallic minerals, petroleum and alcohol, and 

tobacco. Among the sectors whose premiums decreased the most are those industries with various characteristics, 

including sectors that experienced substantial increase in international competition during the period. Negative 

and statistically significant correlation between wage premium and labor force participation suggests that 

better-paying sectors have fewer job openings and vice versa. In fact, the sectors that pay the lowest 12 

premiums employ 39.6% of workers, whereas sectors that pay the highest premiums employ 5.9% of workers. 

 
Table 14. Most significant changes comparing the 2002 and 2015 rankings 

Industries 2002 2015 Movement 

Water transportation 17 5 Elevation 

Tobacco Industry 21 10 Elevation 

Extraction of mineral coal 22 2 Elevation 

Oil-Alcohol 27 8 Elevation 

Extraction of non-metallic minerals 29 17 Elevation 

Construction 39 16 Elevation 

Agricultural 46 4 Elevation 

Equip. IT 3 36 Fall 

Aux. Activities interm. financial 4 20 Fall 

Equip. Transport 7 14 Fall 

Equip. from instrum.hospitalares 8 25 Fall 

Research and Development 9 32 Fall 

Apar.Equip. Communications 11 46 Fall 

Edition-Print 15 23 Fall 

Non-Metallic Minerals 24 44 Fall 

Source: PNAD/IBGE. 

 
8. Wage Premium and Competition 

This section assesses the prospects of cross-sector competition and welfare based on the behavior and dynamics 

of interindustry wage premium. The goal is to identify sectors that simultaneously experience an increase in 

premium and in job creation. 

Three sectors unequivocally meet the established criteria: petroleum and alcohol, extraction of metallic minerals, 
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and civil construction. Of these three sectors, two in the commodities market, prices increased in the period 

thanks to the favorable economic scenario in Brazil and to the boost in demand from China. In the case of 

petroleum, the sector benefited from discoveries of, and investments in, pre-salt. The tertiary sector, civil 

construction, is concerned with essentially domestic activities that benefited from public policies. Informatics 

activities also fall under this metric, but only from the mid-2000s onwards. 

Although these sectors have offered more job openings, the petroleum and alcohol, and metallic minerals sectors 

employ far fewer workers in relative terms – in 2015, they accounted for a little bit more than 1% of total labor 

(Table 4). The petroleum sector is, however, extremely prosperous, because oil reserves in the pre-salt layer are 

subject to several restrictions that prevent its extraction by the available technologies. Moreover, the distance 

between the coast and the future oil wells increases logistics complexity. To circumvent these problems, tens of 

billion dollars would have to be invested in new technologies. Since technologies are not properly mastered yet, 

there are a huge variety of opportunities for investing in knowledge and industrial advances. If developed by 

universities and research centers in Brazil and incorporated by the industry, this knowledge and these 

competencies may have profound impact on several other industrial sectors, with unprecedented economic and 

social effects. This frontier of development shows great potential for the creation of high-quality jobs, static and 

dynamic increasing returns, externalities, productivity gains, high value added, and development of skills and 

competencies. The presence of a positive effect of firm size on workers‟ wages is well documented in the economic 

literature (Oi & Idson, 1999a). Edin and Zetterberg (1992) and Arai (1994) find considerable differences in wage 

levels between industries when controlling for the characteristics of individuals and firms.  

Furthermore, this is the biggest opportunity known so far for investments, consolidation, and stimulation of 

production chains in Brazil. Pre-salt should therefore be viewed from the perspective of strategic economic policy. 

The mineral extraction sector, in turn, has a much shorter production chain and fewer chances of improving 

Brazil‟s systemic productivity and competitiveness. Its most visible positive impact lies in the balance of trade. No 

matter how much the sector grows, it will not be an essential integral part of the equation for the increase in 

competitiveness and welfare, unless it is associated with specific fiscal policies and value-added industrial 

policies.  

Civil construction accounts for a significant share of labor (6.25%), outranked only by trade (10.1%) and 

agriculture (6.54%). Given the large housing deficit in Brazil, the big infrastructure challenges, and the long 

production chain of this sector, the growth of civil construction may have significant impact on income and labor, 

especially if followed by an increase in technological knowledge, innovation, and labor productivity.  

Some sectors do not meet the criteria established herein, but their wage premiums are high and employ a relatively 

large share of workers. According to this metric, the following sectors were identified: transport and storage, trade, 

and vehicle, machinery, and equipment repair. 

9. Conclusions 

This paper revisits interindustry wage differential in Brazil in a period of quick and intense labor market and 

output changes. The major conclusions of this study are described in what follows. First, the labor market was 

more segmented and more complex. On the one hand, there was a decrease in wage dispersion associated with 

variables that are typically used in studies of this nature. On the other hand, there was a relative increase in the 

importance of industrial affiliation and a significant increase in the importance of variables not measured by 

conventional statistics to explain wage dispersion. Owing to the larger integration of the Brazilian economy with 

the international economy, these results are in line with the expectations, suggesting that the labor market may 

have gone through extensive changes. 

Secondly, there were changes in wage structure. Relative wages increased in some sectors but decreased in 

others. These changes suggest a tendency towards the reallocation of resources at the sectoral level. 

As the dynamics of interindustry wage premium is associated with competitive potential, our analysis may be 

useful for the formulation of industrial, technological, innovation, human capital, foreign trade, labor, and 

income policies. The transfer of funds to sectors whose premiums show a tendency towards growth would 

increase, ceteris paribus, good-quality jobs, productivity, and value added. 

The petroleum and alcohol, mineral extraction, and civil construction sectors have a large potential for increase 

in value added and labor. However, if indirect effects are taken into account, notably through value chains, the 

petroleum and alcohol and civil construction sectors would make major contributions. 

Sectors such as transport and storage, trade, and vehicle, machinery, and equipment repair have potential, albeit 

more moderate, for an increase in income and value added due to the high level of wage premium and of labor. 
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