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Abstract
This study investigates wage disparities for 6.34 million workers from São Paulo city (Brazil) 
during the years 2018 to 2020 using Stochastic Frontier methods to estimate changes in the 
underpayment levels across demographic dimensions. The results indicate that closing the 
underpayment gap has the potential to yield an average salary increase of 1.12 times, with a 
range spanning from 1.02 to 4.82 times within the sample. Additionally, the results underscore 
lower levels of underpayment among white and male workers, while migrant workers and 
those with reported disabilities tend to experience higher levels of underpayment. Further-
more, the study unveils a trend of decreasing potential wages over time, marked by a sharp 
-19.34% reduction in 2020, primarily attributed to the impact of the COVID-19 outbreak. 
Simultaneously, there is a notable reduction in the average underpayment, with a substantial 
decline occurring in 2019. In conclusion, this research advances the existing literature by uti-
lizing Stochastic Frontier models to assess underpayment and provides valuable insights into 
the intricate dynamics of wage disparities — a critical issue that plays a pivotal role in fostering 
socioeconomic development.
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Dimensões demográficas das disparidades salariais: uma abordagem 
de fronteira estocástica para o mercado de trabalho na cidade de São 
Paulo (Brasil)

Resumo
Este estudo investiga disparidades salariais para 6,34 milhões de trabalhadores da cidade de 
São Paulo (Brasil) durante os anos de 2018 a 2020, utilizando métodos de Fronteira Estocástica 
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para estimar mudanças nos níveis de sub-remuneração em diferentes dimensões demográficas. 
Os resultados indicam que reduzir a lacuna de sub-remuneração tem o potencial de resultar 
em um aumento salarial médio de 1,12 vezes, com uma variação de 1,02 a 5,65 vezes dentro 
da amostra. Além disso, os resultados destacam níveis mais baixos de sub-remuneração entre 
trabalhadores brancos e do sexo masculino, enquanto trabalhadores migrantes e aqueles com 
deficiências relatadas tendem a vivenciar níveis mais altos de sub-remuneração. Além disso, o 
estudo revela uma tendência de diminuição dos salários potenciais ao longo do tempo, marcada 
por uma redução acentuada de -19,34% em 2020, principalmente atribuída ao impacto do 
surto de COVID-19. Simultaneamente, há uma redução notável na média de sub-remuneração, 
com uma diminuição substancial ocorrendo em 2019. Em conclusão, esta pesquisa avança a 
literatura existente ao utilizar modelos de Fronteira Estocástica para avaliar a sub-remuneração e 
fornece insights valiosos sobre as dinâmicas intricadas das disparidades salariais - uma questão 
crítica que desempenha um papel fundamental no desenvolvimento socioeconômico.

Palavras-Chave
Sub-remuneração, Fronteira estocástica, Demografia.

Classificação JEL
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1. Introduction

When employers and employees engage in wage negotiations within labor 
markets, the results can deviate from the optimal levels since asymmetric 
information can inhibit the competitive outcome. Labor productivity is 
inherently uncertain, influenced by both market conditions and individual 
effort. Consequently, employers and employees establish contracts related 
to workload and wages, introducing rigidity in labor prices. Job searching is 
costly, as it is to monitor the marginal productivity of each worker. These 
frictions cause the labor market to deviate from the outcome expected in 
perfect competition and, therefore, wages tend to be different from the 
marginal product of labor. These issues have been assessed using stochastic 
frontier methods. For instance, Hofler and Murphy (1992) estimated the 
extent of underpayment in the U.S. economy using data from 1983. Their 
findings indicated that workers’ wages fell short of their potential wages 
by approximately 10%. The study investigated six hypotheses, revealing 
that underpayment was influenced by various factors: (i.) Demographic 
features, including age, gender, and race; (ii.) Market competition, with 
competitive markets generally exhibiting lower levels of underpayment; 
(iii.) Education level, suggesting that highly educated workers experience 
lower underpayment; (iv.) Urban workers tend to experience less under-
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payment; (v.) Wealthier workers face lower underpayment, likely due to 
higher non-labor income and reservation wages; (vi.) Workers with longer 
tenure in their jobs tend to exhibit lower levels of underpayment.

Collective bargaining is also important in determining workers’ wage le-
vels. Arbache (1999) highlights the positive impact of unionization on 
the wages of semi-skilled male workers in Brazil, noting that unionized 
workers experience less wage dispersion compared to their non-unionized 
counterparts. Similarly, Firpo et al. (2018) observe that de-unionization 
processes in the United States have led to increased wage inequality due 
to heightened wage dispersion. Lagos (2019) indicates that negotiations 
between unions and firms often result in gains in amenities, such as cor-
porate benefits and gym discounts at the expense of wage increases. This 
trend has been influenced by labor court decisions in the country, which 
have allowed union-company agreements to prioritize amenities. The out-
comes of these negotiations are heavily dependent on the bargaining power 
of the unions involved. Stronger unions with greater member adherence 
are generally more successful in resisting employer pressure to focus on 
benefits, thus securing better wage gains. Regarding gender wage gaps, 
Casale and Posel (2011) results suggest that wage discrepancies between 
men and women are more pronounced among unionized workers compared 
to non-unionized workers, even though this is largely due to the specific 
sectors where unions are concentrated. In sectors that include a wide ran-
ge of high-skilled occupations, women often occupy lower-paid positions 
within the unionized workforce, such as nurses and teachers. Conversely, 
low-skilled workers experience a smaller gender pay gap and face fewer 
incentives to unionize.

The reasons for this disparity vary depending on each country’s historical 
development and civil rights context. Studies on discrimination and eco-
nomics date back to the seminal work of Becker (1957) and, specifically 
for gender biases, Goldin (1995) presents compelling evidence indicating 
that women’s participation in the labor force followed a U-shaped curve 
during the course of economic development. Pager and Shepherd (2008) 
provide valuable insights into the origins of racism, examining the socio-
logical and psychological factors that contribute to discrimination. These 
harmful preconceptions become significant barriers to their professional 
advancement and opportunities. Implementing effective racial equality 
programs proves to be a challenging endeavor due to the complex nature of 
the issue and various societal factors that can hinder the outcomes of these 
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programs, thereby limiting progress toward true equality. In Brazil, the 
full integration of female and black populations into the labor market has 
been an ongoing challenge despite the existence of several laws prohibiting 
discrimination and promoting the inclusion of physically and ethnically 
diverse groups (e.g., Brasil (1995), Brasil (2015)).

Silveira and Siqueira (2021) research presents evidence of discrimination 
against black men and white women in Brazil, with an inter-sectional im-
pact on black women. Drawing on data from public surveys, the authors 
unveil a distinct wage advantage favoring white male workers, who are 
over- represented in higher-paying job roles. Black men, on the other hand, 
experience some positive salary discrimination in specific occupations, 
indicating that they still benefit from the gender pay gap observed among 
white men. However, this positive wage discrimination does not persist 
when examining positions within the same occupation. This trend exhi-
bits a remarkable surge in older cohorts. Turning attention to women, the 
gender pay gap appears more severe, particularly for black women, who 
predominantly occupy low wage positions and earn an average of 30% less 
than white male workers. Arias et al. (2004) found that the educational 
levels of black fathers exert less influence on their sons’ wages compared 
to white fathers. These results indicate the pressing need for addressing 
systemic inequalities and fairness in the Brazilian labor market and society 
as a whole.

Pacheco et al. (2023) analysis reveals that, in Paraná State, women consis-
tently earned a lower average hourly salary compared to men from 2012 
to 2019, even though women held higher qualifications. In consonance, 
Dobner et al. (2022) find evidence of income discrimination in favor of 
men across all labor market sectors analyzed for the Rio Grande do Sul 
State from 2012 to 2018. Furthermore, Freguglia and Procópio (2013) 
indicate that individuals who migrate from other cities to work in São 
Paulo tend to earn lower wages compared to local workers. Yet, the au-
thor found that migrants from the Northeastern region are the best-paid 
among migrants. In cities like São Paulo, the presence of migrant workers 
significantly impacts the labor market dynamics, which aggregate a diver-
se array of skilled job opportunities while simultaneously experiencing 
high demand for non- specialized labor. Throughout its history, São Paulo 
has been a major destination for migrant workers from various regions of 
Brazil.
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Numerous investigations have delved into the determinants of wage dis-
parities and their unique ramifications on diverse demographic groups. 
However, the challenge of mitigating these historical and contemporary 
disparities persists. For instance, O’Reilly et al. (2015) presents a cros-
s-national study encompassing multiple European countries, the United 
Kingdom, and Australia. This study reveals a persistent gender wage 
gap, despite considerable reductions since the 1970s, even in the wake 
of the implementation of equal pay legislation. Historically, Brazil has 
grappled with some of the most pronounced earnings inequalities in the 
world (Ramos and Vieira, 2001), and there is evidence of an increasing 
gap between high-skilled and low-skilled jobs during the 1990 decade 
with a small reverse in this trend by 2009 (Pecora and Menezes-Filho, 
2014). Similarly, Madalozzo (2010) indicated that, despite substantial 
progress in diminishing the gender wage gap in Brazil since the 1970s, it 
exhibited relative stability throughout the 2000s.

Araújo and Ribeiro (2001) conducted an in-depth analysis of household 
data from the PNAD survey in Brazil, revealing that productivity accou-
nts for a negligible proportion of the wage disparities between genders. 
Meanwhile, Anderson et al. (2002) research illustrates the multifaceted 
impacts of the wage penalty associated with motherhood. These impacts 
are contingent upon education levels, family size, and race. Significantly, 
this penalty is often linked to the duration of absences from the wor-
kforce. It is noteworthy that women with college-level education, re-
gardless of their racial background, tend to experience minimal or no 
adverse consequences with the arrival of their first child. However, subs-
tantial wage effects emerge when they have a second child.

Previous research has consistently indicated a distinct gender-specific 
pattern within the Brazilian labor market. Male workers tend to cluster 
in higher positions within firms, which are accompanied by more favora-
ble remuneration, in contrast to their female counterparts (Camargo and 
Serrano, 1983). In a study centered on the São Paulo City Metropolitan 
Area, Cacciamali and Freitas (2001) found evidence of a gender-based 
wage gap across five selected industry sectors. Furthermore, research by 
Cavalieri and Fernandes (1998) unveiled gender and race-based dispa-
rities within the labor markets of Brazilian Metropolitan Areas, as evi-
denced by data drawn from the PNAD survey of 1989. Expanding our 
focus to the United States, Cohen and Huffman (2007) discovered that 
in the industry sector, pay disparities are narrower in sectors where wo-
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men hold higher managerial roles, compared to male-dominated sectors. 
Additionally, Winslow-Bowe (2009) observed that black women in the 
United States make more substantial contributions to their households’ 
budgets compared to their white and Hispanic counterparts. However, 
the advent of motherhood significantly reduces women’s contributions 
to the overall family income, primarily due to reduced labor force par-
ticipation during the early years of a child’s life.

Giuberti and Menezes-Filho (2005) argued that in the United States, 
the gender wage gap may be attributed to differences in age returns, gi-
ven that the skill levels between male and female workers are generally 
equivalent. However, in Brazil, a similar effect is observed even though 
female workers, on average, possess higher skills. Kleinjans et al. (2017) 
suggests that a notable portion of female labor market discrimination 
in Denmark can be traced to occupational segregation, where men pre-
dominantly occupy higher-paying positions. Similarly, Meireles and da 
Silva (2019) employs a probit model and publicly available micro-data 
of Brazilian workers, unveiling that white men are more likely to secure 
well remunerated positions compared to their female and non-white 
counterparts, while gender-based wage disparities tend to be more pro-
nounced than racial disparities in this context. Furthermore, Dobner 
et al. (2022) conducted an Oaxaca-Blinder and Ñopo decomposition 
analysis and found that wage differentials between genders cannot be 
attributed to disparities in productivity, as women often exhibit higher 
levels of productivity than their male counterparts. Concerning internal 
migration within Brazil, da Silva Filho (2020) highlighted that migrants 
face diminished likelihood of employment compared to native workers. 
Among those who do secure employment, access to social protection 
services is less assured.

Therefore, this study aims to investigate the levels of underpayment 
among formal workers in São Paulo city using data at the individual level 
from 2018 to 2020. The main inquiry is to investigate how large are the-
se inefficiencies and whether these frictions have different magnitudes 
among demographic groups. Investigating these questions is important 
to provide policy guidance toward better labor market regulation, which 
may disentangle productivity bottlenecks to increase economic growth 
and promote socioeconomic development.
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2. Methodology

2.1. Stochastic Wages Frontier

This paper proposes the use of Stochastic Frontier models to gauge the 
wage gap prevailing in labor markets. According to Kumbhakar and Lai 
(2022), SF models prove versatile and applicable to scenarios wherein 
there exists a theoretical maximum (or minimum) value to estimate, 
while access is limited to its underestimated (or overestimated) coun-
terpart. For a given economic sector, employers and employees undergo 
a bargaining process to settle wages, which is expected to be a function 
of workers’ abilities. Following (Mincer, 1975), one would expect highly 
skilled workers, as denoted by their educational qualifications and ex-
perience, to exhibit greater productivity and consequently earn higher 
wages.

However, production activities and bargaining processes may not operate 
efficiently. Productivity, therefore, can be seen here as an unobserved va-
riable, expressed only through the inefficiencies present in the stochastic 
frontier model. Thus, SF models offer the means to empirically inves-
tigate and quantitatively measure these inefficiencies. In other words, 
models of this type aim to specifically estimate hidden events based 
on their determining variables. In ideal conditions of perfect compe-
tition, labor markets 4 establish real wages (𝑤𝐿) at levels equivalent to 
the marginal productivity of labor (𝑀𝑃𝐿). Nonetheless, labor markets 
are characterized by information asymmetry and the implementation 
of labor contracts that introduce rigidity in wage adjustments. These 
constraints can lead to disparities between potential and actual salaries. 
Consequently, it is foreseeable that 𝑤𝐿 ≠ 𝑀𝑃𝐿, at least in the short term, 
making SF models appropriate tools for measuring these discrepancies 
in pay levels.

Moreover, firms wielding market power can yield non-zero profits, lea-
ding to 𝑤𝑖 ≠ 𝑓𝑖(𝑥𝑖; 𝛽), where 𝑓𝑖(𝑥𝑖; 𝛽) is the marginal productivity of labor. 
Nevertheless, it is important to note that, while some workers might 
bargain salaries exceeding their marginal productivity, such a scenario 
cannot persist across all workers in the long run, as it would ultimately 
lead to unsustainable profit losses. On the other hand, rigidity in labor 
contracts offers nominal wage stability to workers, but at the expense of 
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paying less than their marginal productivity. In this context, it is expec-
ted to find 𝑤𝐿 ≤ 𝑀𝑃𝐿 across the broader economy.

Therefore, we may extend a Stochastic Wage Frontier methodology to 
estimate wage inefficiencies through the labor markets. Considering the 
standard SF models in Kumbhakar and Lovell (2000) and drawing inspi-
ration in the modeling strategy from Hofler and Murphy (1992), Hofler 
and Murphy (1994) and Ogloblin and Brock (2005), we can define the 
stochastic wage frontier (SWF) as:

 𝑙𝑛(𝑤𝑖𝑡)  = 𝑙𝑛(𝑋′𝑖𝑡 𝛽𝑖)  − 𝑢(𝑍𝑖𝑡)                                                               (1)

where: 𝑤𝑖𝑡 represents the wages earned by a worker i in time t, 𝑋′𝑖𝑡 is 
the vector of worker attributes and market conditions that define the 
marginal product of labor. 𝑢(𝑍𝑖𝑡)  is the underpayment term that captu-
res the gap between the potential wages and actual wages (that is, we 
assume 𝑢 ≥ 0). 𝑍𝑖𝑡 are exogenous variables that affect the underpayment 
level, i.e., contribute to reducing (𝑢′(𝑍 )  < 0) or increase (𝑢′(𝑍 )  < 0) the 
gap between actual and potential wages. Note that the underpayment 
component captures any disturbances in the production process itself 
in addition to any exogenous factors that increase frictions in the labor 
market and cause 𝑤 ≠ 𝑀𝑃𝐿. Also, wi will be maximum ( if .

In a perfectly competitive labor market, 𝑤 = 𝑀𝑃𝐿 would be observed. 
This implies that demographic variables (such as race, gender, and di-
sability) would not significantly influence wages, allowing wages to re-
flect their true potential, which is solely determined by work-related 
characteristics (such as experience and qualifications). In the presence 
of underpayment, wages are lower than the marginal productivity of la-
bor. If exogenous factors affect all demographic groups homogeneously, 
demographic variables will not yield meaningful coefficients to explain 
different underpayment levels. Otherwise, significant demographic va-
riables indicate heterogeneity in underpayment, linking these disparities 
to structural factors outside the labor market. Thus, this is an empirical 
question for which Stochastic Frontier Methods provide the theoretical 
framework to conduct the tests.
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2.2.  Data

We gathered data from 6,343,303 Brazilian workers in São Paulo City 
from 2018 to 2020 through the RAIS database (RAIS, 2023). RAIS is 
an annual survey encompasses a range of variables, including gender, 
race1, educational attainment, work experience, and wages, among other 
distinctive factors. It is officially released by Brazil’s Ministry of Labor 
and is derived from employer submissions, making it specific to the for-
mal labor market. It’s important to note that the informal labor sector 
in Brazil constitutes a significant portion of the workforce. According 
to IBGE (2023), informal employment accounts for approximately 39% 
of the total labor force. Nonetheless, data with the same level of detail 
is not available for the informal labor market. Therefore, findings from 
studies utilizing data from the formal labor market can offer valuable in-
sights into the broader context of informal labor markets. The schooling 
level in the RAIS (2023) is presented as a categorical variable. In this 
paper, we attributed a scalar number to represent the increasing levels 
of schooling in the empirical model. The schooling levels are: “Illiterate” 
= 1; “Incomplete Primary” = 2; “Primary School” = 3; “Incomplete 
Secondary” = 4; “Secondary School” = 5; “Incomplete High School” 
= 6; “High School” = 7; “Incomplete College” = 8; “College” = 9; 
“MSc.” = 10; “Ph.D.” = 11. Regarding the demographic characteristics 
(e.g., gender and race), we build binary variables for white and black 
workers while combining the remaining categories into a baseline re-
ference group. Furthermore, we consider a binary variable for workers 
with reported disabilities2 and a binary variable to identify workers born 
outside the city of São Paulo. Experience is a measure of total employ-
ment time, meaning the sum of years and months that a given employee 
spent employed during his or her career.

Finally, RAIS (2023) provides information about the sectoral allocation 
for each worker. We adopt the aggregation in 17 sectors: (A) Agriculture, 
Livestock, Forestry Production, Fishing, and Aquaculture; (B) Extractive 
Industry; (C) Processing Industry; (D) Gas and Electricity; (E) Water, 
Sewage, Waste Management, and Decontamination; (F) Construction; 
(G) Trade and Repairs for Cars and Motorcycles; (H) Logistics, Storage, 
and Mail; (I) Accommodation and Food Services; (J) Information and 

1 We adopt the official racial profile naming from RAIS (2023). For instance, it includes indigenous, 
white, black, Asian (referring to individuals of Japanese, Chinese, Korean, or other related ethnic 
backgrounds), and “pardo” (a broad term encompassing mixed-race individuals).

2 Listed disabilities include physical, hearing, visual, and intellectual impairments.
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Communication; (K) Financial and Insurance Activities and Related 
Services; (L) Housing Activities; (M) Professionals, Scientific, and 
Technological Activities; (N) Management Activities and Related 
Services; (O) Public Administration, Defense, and Social Security; (P) 
Education; and, (Q) Human Health and Social Services. The selected 
variables used in the empirical model are summarized in Table 13.

Although this paper does not focus specifically on the effects of the 
Covid-19 pandemic on the labor market, the inclusion of the year 2020 
delivers additional results. Several changes from this period might af-
fect the estimates of underpayment if unobserved: the pandemic it-
self may have had heterogeneous effects across different demographic 
groups; the mobility restrictions have led to considerable changes in 
the dynamics and culture of work; and economic sectors have reacted 
differently, in some cases offering remote work or opting to lay off 
employees. It is therefore possible that demographic characteristics, 
as estimated here, are associated with heterogeneous outcomes due to 
the pandemic shock. However, the existence of underpayment hete-
rogeneity across demographic groups can be statistically tested as well 
as the average “overall effect” of the sanitary measures on the labor 
market’s underpayment levels.

Therefore, the result of the model should be interpreted as the diffe-
rence between an individual’s optimum salary, given their professio-
nal characteristics, and the one actually observed, as described in this 
section. This difference is considered throughout this model to be the 
result of underpayment. However, considering the limitation present in 
the RAIS (2023) data, several idiosyncratic characteristics that would 
be essential for a more accurate estimation of the potential salary of 
individuals, such as specific skills, training, certifications, proficien-
cy in other languages are not included in the model. The absence of 
these variables might lead to overestimated inefficiencies and further 
studies are needed to refine the estimates of the underpayment levels. 
Nonetheless, the results obtained from the empirical model presented 
in this paper are sufficient to empirically test the existence or non-
-existence of underpayment heterogeneity across demographic groups.

3 Presented monetary values in 2022 levels (IPCA index).
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Unfortunately, some relevant information such as workers’ marital sta-
tus, parental status, housing conditions, and other pertinent factors 
are not available in RAIS (2023) and it is important to keep it in mind 
when interpreting the underpayment levels estimated in this paper. 
Moreover, even though we have data from 2018 to 2020, it is not pos-
sible to track workers over time, which prevents the use of standard 
panel models.

2.3.  Empirical Model

The Stochastic Wage Frontier (SWF) model in this paper incorporates 
human capital variables as crucial determinants of labor productivity (or 
potential wages) and follows the Translog functional form4. Additionally, 
binary controls are introduced to account for variations across different 
economic sectors, each potentially characterized by distinct levels of 
labor productivity determined by market conditions. Subsequently, de-
mographic variables are integrated into the model as determinants of 
wage underpayment. In essence, it is postulated that demographic varia-
bles themselves do not directly alter potential salaries; rather, they are 
associated with labor market frictions that contribute to the widening 
wage gap.

4 We tested the empirical results for both Cobb-Douglas (CD) and Translog (TL) functional forms. 
Both models provided a good fit for the frontier and underpayment variables. Log-likelihood tests 
rejected the null hypothesis of 𝜎𝑢 = 0 in both CD and TL models, favoring the adoption of SF models 
(𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 0.001). Also, another Log-likelihood test rejected the CD model in comparison to the 
Translog specification (p − value < 0.001). Therefore, we proceed to present and interpret only the 
results from the TL model.
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Table 1 - Table of summary statistics

Variables Unit Mean SD

Salaries R$ per hour 30.4428 80.4213

Schooling Level 7.2425 1.6112

Experience Months 59.7052 75.6980

Age Years 36.6408 11.2146

2019 Binary 0.4105574 0.491935

2020 Binary 0.3806919 0.485557

White Binary 0.5825951 0.4931309

Black Binary 0.0698857 0.2549543

Male Binary 0.5599775 0.4963897

Migrant Binary 0.023161 0.1504145

Disability Binary 0.0146317 0.1200732

Sector

A Binary 0.0006421 0.0253314

B Binary 0.0095906 0.0974608

C Binary 0.0692973 0.2539591

D Binary 0.0000943 0.009709

E Binary 0.0699402 0.2550463

F Binary 0.2288588 0.4200982

G Binary 0.0223015 0.1476622

H Binary 0.059384 0.2363421

I Binary 0.089924 0.2860728

J Binary 0.0690951 0.2536158

K Binary 0.0149659 0.1214162

L Binary 0.0054454 0.073592

M Binary 0.335054 0.4720094

N Binary 0.0208281 0.1428086

O Binary 0.0019964 0.0446369

P Binary 0.0024779 0.0497167

Q Binary 0.0001044 0.0102152
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The empirical model (2) is:

𝑙𝑙𝑙𝑙(𝑤𝑤𝑖𝑖𝑖𝑖) =  𝛽𝛽0  +  𝛽𝛽1𝑙𝑙𝑙𝑙(𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑙𝑙𝑖𝑖𝑖𝑖) + 𝛽𝛽2𝑙𝑙𝑙𝑙(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙𝑆𝑆𝐸𝐸𝑖𝑖𝑖𝑖) +  𝛽𝛽3𝑙𝑙𝑙𝑙(𝐴𝐴𝐴𝐴𝐸𝐸𝑖𝑖𝑖𝑖) 

+ 𝛽𝛽11ln (𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑙𝑙𝑖𝑖𝑖𝑖)2 +  𝛽𝛽22 ln (𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙𝑆𝑆𝐸𝐸𝑖𝑖𝑖𝑖)2  +  𝛽𝛽33ln (𝐴𝐴𝐴𝐴𝐸𝐸𝑖𝑖𝑖𝑖)2  

+ 𝛽𝛽12[ln(𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑙𝑙𝑖𝑖𝑖𝑖) ln(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙𝑆𝑆𝐸𝐸𝑖𝑖𝑖𝑖)] +  𝛽𝛽13[ln(𝑆𝑆𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑙𝑙𝑖𝑖𝑖𝑖) ln(𝐴𝐴𝐴𝐴𝐸𝐸𝑖𝑖𝑖𝑖)] 

+ 𝛽𝛽23[ln(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙𝑆𝑆𝐸𝐸𝑖𝑖𝑖𝑖) ln(𝐴𝐴𝐴𝐴𝐸𝐸𝑖𝑖𝑖𝑖)]  + ∑ (𝛿𝛿𝑖𝑖𝑇𝑇𝐸𝐸𝑇𝑇𝐸𝐸𝑖𝑖)
2020

2019
  + ∑  (𝛾𝛾𝑗𝑗𝑆𝑆𝑗𝑗)

17

𝑗𝑗 = 1
 

+ 𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑢𝑢(𝑍𝑍𝑖𝑖𝑖𝑖) 

 

                                                                                                                              (2)

where,

𝑤𝑖𝑡 is the observed wage of worker i in time t;

𝑆𝑐h𝑜𝑜𝑙𝑖𝑡 is the schooling level of worker i in time t;

𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡 corresponds to how long the worker i is working at the same 
firm in time t;

𝐴𝑔𝑒𝑖𝑡 is the age of worker i in time t;

𝑇𝑖𝑚𝑒𝑡 are the group of binary variables that captures changes in average 
wages from 2018 to 2020;

𝑆𝑗 are the group of binary variables that indicates in which sector worker 
i in time t is employed;

𝛽, 𝛾 and 𝛿 are coefficients to be estimated;

𝑣𝑖𝑡 is the classical error term with zero mean and constant variance, and;

𝑢(𝑍𝑖𝑡) is the one-sided underpayment term with exogenous determinants 𝑍𝑖𝑡.

It is possible to estimate the empirical model with the exogenous z-va-
riables in a single step using pooled models and ML methods under the 
assumption of 𝑢𝑖𝑡 ∼ 𝑁+ (0, 𝜎2𝑢 (𝑍𝑖𝑡) )  and 𝑣𝑖𝑡 ∼ 𝑁 (0, 𝜎2𝑣 )  (Kumbhakar et al., 
2015). In both models, 𝑍𝑖𝑡 represents the vector of binary demographic 
variables for demographic characteristics (gender and race) and time.

The payment efficiency 𝑃𝐸𝑖 = 𝑒𝑥𝑝(−𝑢𝑖) is an index between 0 and 1 for 
each worker i, where 𝑃𝐸 = 0 denotes a worker completely underpaid and 
𝑃𝐸 = 1 indicates a worker perfectly remunerated. The stochastic frontier 
models were estimated following the codes provided by Kumbhakar et al. 
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(2015). While alternative distributional assumptions can be considered 
for the underpayment term, we opt for the half-normal distribution for 
two primary reasons: (i.) the half- normal distribution offers computatio-
nal simplicity and facilitates convergence in empirical estimations; (ii.) it 
aligns with the behavioral assumptions of profit maximization and utility 
maximization. This implies that actual wages are expected to gradually 
approach potential wages over time as uncertainties related to labor pro-
ductivity diminish.

3. Results and Discussion

Regarding the frontier (potential wages), the model results indicate that 
age, experience, and schooling are positively correlated with potential wa-
ges in both models (Table 3). Specifically, the model identifies increasing 
returns associated with experience and schooling while indicating dimi-
nishing returns associated with age. Furthermore, the model reveals posi-
tive returns stemming from the interactions among age, experience, and 
schooling. The presence of quadratic effects related to age suggests that 
wages increase up to a certain threshold. This aligns with findings by (Van 
Ours and Stoeldraijer, 2010), who identified a bell-shaped relationship 
between age and productivity, indicating that workers’ productivity peaks 
between the ages of 30 and 45, while it is notably lower for employees you-
nger or older than that range. This reflects diminishing returns in wages 
for older workers. Conversely, the impact of increasing work experience 
aligns with the trends observed for the schooling variable, indicating posi-
tive and escalating effects on potential wages.

We found significant results for differences in underpayment across de-
mographic groups. Han and Budig (2019) attributes the gender pay gap 
to the existence of gendered jobs, i.e. positions in the market that are 
tied to a specific gender. This differentiation between typically male and 
female jobs means that women choose to invest in accumulating skills in 
positions where female success is already linked. Similarly, Costa Dias et 
al. (2020) indicates that two-thirds of the gender pay gap among workers 
with higher education can be explained by the time out of the workforce 
that women face when they become mothers. In addition, motherhood 
has long-lasting effects on women’s career progression, as they have fewer 
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hours available compared to their male counterparts, leading to the per-
sistence of the gap. However, for the UK, the authors found a downward 
trend in the gender pay gap between 1993 and 2018. For Brazilian workers, 
Castro (2019) finds that maternity expands the wage gap between male 
and female workers by up to 4%.

Besides discrimination, wage differences between races can also stem from 
differences in occupation, with an over-representation of black workers 
in lower-paid sectors (Wilson and Roscigno, 2016), and these effects may 
change with the size of the labor market. In larger cities, white workers 
experience higher wage gains than black workers (Ananat et al., 2018). 
This evidence is explained by the race- isolated way that networks are 
constituted, creating clusters of race-specific information. In addition, 
Chattopadhyay and Bianchi (2021) indicate that black people are more 
likely to lose their jobs during periods of recession. In times of economic 
crisis, the wage gap between white and black people grows. Black people 
also find lower salaries when they re-enter the job market, further increa-
sing the underpayment levels.

In essence, these results underscore the influential role of human capital 
enhancement through increased education, age, and experience as pivotal 
determinants of wage potential. The strong correlation between schooling 
and potential wages is expected and consistent with the specialized litera-
ture, especially in Brazil where access to superior education is still limited. 
According to OECD (2022), only 21% of Brazilians between 25 and 34 
years old have graduated from universities. On the other hand, wages have 
been on a downward trend over time, with a significant drop seen in 2020 
due to the COVID-19 outbreak. The average reduction of -19.34% can be 
attributed to the high and rising unemployment rates during this period 
when unemployment rates went from 13.1% in the first quarter of 2018 
to 14.6% in the last quarter of 2020 (IBGE, 2023).

Results indicate differences in potential wages according to each econo-
mic sector. This trend is noticeable in three areas: Accommodation and 
Food Services (I), Financial and Insurance Activities and Related Services 
(K), and Human Health and Social Services (Q). These fields concen-
trate on prestigious careers that usually concentrate on higher payments 
(Magnusson, 2016). On the other hand, Public Administration, Defense, 
and Social Security (Q), Education (P), and Management Activities and 
Related Services (N) appear as the less wage-efficient fields.
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Table 2 - Stochastic wages frontier estimates

Variables Coefficient Standard Errors
Frontier
ln(Schoolit) 2.0844**** (0.0014)

ln(Experienceit) 0.1595**** (0.0002)

ln(Ageit) 0.4685**** (0.0009)

ln(Schoolit)2 2.9319**** (0.0027)

ln(Experienceit )2 0.0447**** (0.0002)

ln(Ageit)2 -1.1145**** (0.0051)

ln(Schoolit ) * ln(Experienceit) 0.4301**** (0.0031)

ln(Schoolit ) * ln(Ageit) 0.0292**** (0.0006)

ln(Experienceit) * ln(Ageit) 0.0680**** (0.0007)
2019 -0.0907**** (0.0009)
2020 -0.1934**** (0.0009)
B “Extractive Industry” -0.0722**** (0.0093)
C “Processing Industry” -0.1109**** (0.0090)
D “Gas and Electricity” -0.2981**** (0.0251)
E “Water and Waste Management” -0.0739**** (0.0090)
F “Construction” -0.2039**** (0.0090)
G “Vehicles trade and repair” -0.2561**** (0.0091)
H “Logistics, Storage, and Mail” -0.1685**** (0.0091)
I “Acommodation and Food Services”  0.2109**** (0.0090)
J “Information and Communication” -0.0124 (0.0090)
K “Financial Services”  0.0427**** (0.0092)
L “Housing Activities” -0.1929**** (0.0095)
M “R&D” -0.2615**** (0.0090)
N “Management Services” -0.2881**** (0.0091)
O “Public Sector” -0.3797**** (0.0103)
P “Education” -0.4726**** (0.0101)
Q “Human Health and Social Services” 0.3247**** (0.0243)
Constant 3.2131**** (0.0091)
Inefficiency
Male -3.0088**** (0.0209)
Black 0.1688**** (0.0099)
White -0.9575**** (0.0072)
Migrant 1.4625**** (0.0129)
Disability 1.3382**** (0.0165)
2019 -0.1667**** (0.0125)
2020 -0.0300** (0.0124)
Constant -2.2584**** (0.0110)
Residuals
Constant -1.1347**** 0.0006)

Observations 6,343,303

+ p < 0.15, ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01, ∗∗∗∗ p < 0.001
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The results also reveal the role of demographic factors in the observed 
underpayment. White workers and male workers experience significantly 
less underpayment than their respective counterparts. Also, workers 
with disabilities and migrant workers face higher levels of underpayment. 
Additionally, underpayment levels have diminished over time. The Labor 
Law Reforms in 2017 (Brasil, 2017) and 2019 (Brasil, 2019) may have pla-
yed a role in this gap closure trend, although it is unclear whether it was 
positive or negative since the evidence is still sparse. For instance, Corbi 
et al. (2022) alludes to the positive effects regarding employment when 
compared to the pre-Reform scenario. Nonetheless, the COVID-19 pan-
demic in 2020 had strong effects on employment levels when workplace 
restrictions limited the functioning of several jobs.

It is crucial to underscore that access to higher education in Brazil exhibits 
substantial disparities along class and racial lines. Carvalhaes and Ribeiro 
(2019) contends that the white population not only enjoys more extensive 
access to higher education but is also over-represented in fields conside-
red more prestigious, such as Law, Medicine, and Engineering. However, 
the study does not identify significant gender-based differences in access, 
even though career choices may be correlated with an individual’s gender. 
Moreover, women constitute the majority of students in higher education 
in Brazil, particularly in fields like Health and Education, where female 
undergraduate students account for 76.6% and 72.7%, respectively (Barros 
and Mourão, 2018).

Moving to the estimated efficiency scores, the average PE (standard de-
viation) is 0.9003 (0.7325), ranging from a minimum of 0.1769 to a ma-
ximum of 0.9774, respectively. In this sense, the gap closure (i.e., the 
complete elimination of underpayment) would lead to wages 1.1191 times 
higher, with multipliers ranging from 1.0232 to 5.6519. Regarding race 
and gender results, underpayment is lower among white and male wor-
kers which is a direct result of the empirical model (Figure 1). In other 
words, their counterparts are the demographic group that can benefit the 
most from closing the gap and earning their potential wages (Figure 2). 
Migrant workers and those with reported disabilities (PwD) also have 
higher underpayment levels: while migrants and PwD workers have average 
multipliers of 1.2733 and 1.2237, non-migrant and non-PwD workers have 
average multipliers of 1.1154 and 1.1175.
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Figure 1 - PE estimates for each demographic group

Figure 2 - Wages multipliers distribution for each demographic group
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Figure 3 illustrates the differences in average wages according to the prev-
alence of male workers in each sampled economic sub-sector. There is 
a roughly bell-shaped curve, where higher wages concentrate in sectors 
slightly skewed towards the male majority. Figure 4 indicates an asym-
metric prevalence of white male formal workers in São Paulo, which sug-
gests that non-male and non-white may represent the majority in informal 
markets. Concerning migrant workers, although they exhibit higher under-
payment, they may benefit from migrating to São Paulo when compared 
to the average salaries they could earn in their previous location (Cheng 
and Wang, 2013). Even so, migrant workers may find it hard to maximize 
their wages in regard to their set of abilities, especially due to the lack of 
a proper network, as pointed out by Law and Peng (2008). In the same di-
rection, workers with reported disabilities face higher levels of underpay-
ment. Since 1991, Brazil has had laws promoting job openings to disabled 
workers, through quotas and monetary penalties. These programs have 
presented consistent developments in further integrating these workers 
(Montenegro et al., 2012). However, the results from the SWF model 
suggest that further efforts are needed to promote the wage gap closure.

Figure 3 - Average wages per 646 economic sectors according to gender participation
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Figure 4 - Race and gender participation per 646 economic sectors

Figure 5 indicates that male workers tend to obtain jobs where wages 
are closer to their optimal levels. In other words, the results suggest that 
female workers face larger inefficiencies in wage earnings. The gender 
bias in the labor force detailed in Figure 4 is particularly pronounced in 
technical-oriented fields where men dominate, such as fabrication and 
engineering-centered sectors, while women tend to favor caring positions 
such as nursing, child care, and early education.

Although gender-biased job selection has shown signs of improvement in 
recent years, it persists subtly and is internalized. Notably, in highly te-
chnical fields like software engineering, women are underrepresented in 
technical and leadership roles (Wang and Redmiles, 2019). Nonetheless, 
women are perceived to be more successful in female-oriented positions 
and female candidates are more likely to be hired in these stereotypical 
female professions (Snipes et al., 1998). Botassio and Vaz (2023) suggests 
that women tend to seek more flexible working hours and avoid restrictive 
occupations to better balance domestic responsibilities with their careers 
since the role of women in households often is the major determinant of 
their career decisions.
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Similarly, white workers are considerably more represented in managerial 
positions than their counterparts. Gouvêa (2022) points out that boards of 
stock companies in Brazil are predominantly, if not entirely, composed of 
white individuals and white workers are significantly more likely to access 
these managerial positions, perpetuating racial inequalities and limiting career 
growth for non-white populations. These gender and racial asymmetries result 
in pronounced wage inefficiencies, as depicted in Figure 5 and Figure 6, with 
a more robust correlation between underpayment and gender participation.

It is essential to acknowledge that the inefficiencies identified by our model 
do not exclusively stem from direct discrimination. Even among individuals 
with comparable idiosyncratic traits such as race, gender, work experience, 
and education, subtle distinctions like language proficiency can result in va-
riations in compensation. Also, occupation choice plays an important role in 
wage disparities and may be a consequence of structural biases in society that 
are not captured explicitly in the empirical model. These nuanced skills and 
choices, often challenging to quantify using available databases, may be reflec-
ted as wage inefficiencies within the framework of stochastic frontier models.

Figure 5 - Average Payment Efficiency (PE) per 646 economic sectors according to 
gender participation
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Figure 6 - Average Payment Efficiency (PE) per 646 economic sectors according to race 
participation

Furthermore, the model does not capture mismatches between educatio-
nal specialization and career decisions. Factors such as the persistently 
high unemployment rates in Brazil may compel highly skilled professio-
nals to deviate towards less specialized or gig economy-related positions, 
as documented in previous research (Lameiras and Vasconcelos, 2018). 
These shifts in career trajectories can further contribute to the observed 
phenomenon of underpayment. Further work may also contribute to the 
literature by decomposing the effects of the Covid- 19 pandemic speci-
fically for each economic sector and demographic group, capturing the 
heterogeneity regarding job relations and how it affected different gender 
and race groups.

Additional results may also focus, through the use of different datasets, 
on specific occupation disparities between groups, providing further de-
tails on job decisions and better explaining intra-industry discriminatory 
factors, even testing stochastic frontier models for specific job positions. 
Other inquiries on this topic can also incorporate specific urban dynamics 
into the wage inefficiencies analysis, studying the effects of city design 
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and urban segregation on payment disparities. Nonetheless, the dispari-
ties in underpayment captured by the empirical model prompt questions 
about the demographic determinants of acquiring additional skills or ex-
periencing mismatches in career decisions and educational pursuits. As a 
result, our findings serve to heighten awareness of labor market frictions 
associated with different demographic groups when they are in search of 
employment opportunities.

4. Conclusions

This paper examined the level of underpayment of various groups of wor-
kers in the city of São Paulo during the period from 2018 to 2020 using 
Stochastic Frontier models to detect econometric evidence of labor market 
frictions arising from imperfect information and demographic biases. The 
empirical results reveal that underpayment tends to be more pronoun-
ced among non-male and non-white workers. We hypothesize that these 
inefficiencies are not solely attributed to race and gender biases in hiring 
processes but also stem from the numerous decisions female employees 
encounter while balancing personal and professional demands, even though 
this reason itself may be indicative of gender biases in society as a whole. 
Additionally, there is evidence for reducing average wages from 2018 to 
2020, while underpayment also reduced from 2018 to 2020. It is unclear 
whether these results come from labor market reforms (which could pro-
vide better wage settings and reduce underpayment) or increasing unem-
ployment due to the economic crisis which intensifies competition for 
limited job vacancies pushing the wages frontier downward. Addressing 
this question in future studies will contribute to understanding the dyna-
mics of underpayment in the São Paulo labor market and generate insights 
about other Brazilian metropolitan areas.
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