WAGE DIFFERENTIAL BETWEEN MOTHERS AND NON-MOTHERS IN BRAZIL:
A DECOMPOSITION STUDY FOR SELECTED AGE GROUPS

1. Introduction

The term "motherhood penalty" refers to the disadvantages suffered by women who have
children in the labor market. The constraints faced by mothers in the labor sphere can be
manifested in different indicators, being the wage gap the main one (WALDFOGEL, 1997;
ANDERSON ET AL, 2003; BUDIG AND ENGLAND, 2001; GRIMSHAW AND RUBERY,
2015). Other measures include labor participation rate (MISRA, BUDIG, AND MOLLER,
2007), occupational status (prestige) (ABENDROTH ET AL, 2014) and career progression
time (MCINTOSH ET AL, 2012). Most studies measure these penalties by comparing women
mothers and childless women.

From a wage perspective, motherhood is often penalized due to various factors. Some of them,
listed by Budig and England (2001), are: i) the limitation on the accumulation of experience
due to temporary absence from the paid market to look after children; ii) the reduction in
productivity due to the difficulty of reconciling the responsibilities of paid and unpaid work;
ii1) the choice of lower paid jobs to allow a better reconciliation between motherhood and work,
such as jobs with more flexible hours, which generally have lower salaries; and iv)
discrimination against mothers by employers.

Although there are several studies on female participation and the wage gap in the Brazilian
labor market (some examples are LEME AND WAJNMAN, 2000; SOARES, 2000;
GIUBERTI AND MENEZES FILHO, 2005), most of these studies focus on comparisons
between men and women. Few studies have analyzed the differences in salaries between
mothers and childless women. The aim of this paper is therefore to decompose the wage
differential between women with and without children, analyzing different age groups , in order
to separate the portion explained by the productive characteristics of these women from that not
explained by the observed attributes.

Decomposition analysis has been widely used in the labor market literature to study wage
differentials between certain groups, with sex and race/color being the most explored categories
(FORTIN, LEMIEUX AND FIRPO, 2011). This widespread use stems from the fact that the
wage differential between these groups is partly explained by differences in their productive
characteristics (such as levels of education and experience) and partly by differences in the
return on attributes, caused by the structure of the market and the way it remunerates
individuals.

Since mothers divide their time between caring for their children and the labor market, they
probably face greater obstacles to investing in education or acquiring work experience, which
would contribute to them having lower incomes on average than non-mothers who are at the
same stage of the life course. However, differences related to attributes are not expected to
explain the entire income gap between the two groups under analysis, since the structure of the
labor market can cause differences in the returns of mothers and non-mothers, despite their
characteristics. The former, due to their double shift, may be perceived as less productive and
therefore have lower average earnings than the latter.

The productive attributes of women with and without children may vary according to the time
of life they are in, just as the structure of the market may present different dynamics according
to the age of these women (ABENDROTH ET AL, 2014; KHAN ET AL, 2014; LANDIVAR,
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2018, NEUMEIER, SORENSEN AND WEBBER, 2018). For this reason, the decomposition
analysis will be carried out for different age groups, since it will thus be possible to observe the
evolution of both parts of the wage differential between the different moments of the life course.

In addition to the decomposition analysis of the average wage of mothers and non-mothers, it
is important to carry out the same exercise across the distribution of salaries of these two groups
of women. In a country characterized by marked income inequality, such as Brazil, it is
expected that the motherhood penalty will not be homogeneous across income quantiles.
Although some national studies have already carried out a similar analysis, it should be noted
that the relationship between the motherhood wage penalty and income level is not conclusive,
even in the international literature: there are studies that show greater differentials in the lower
portion of the wage distribution (BUDIG AND HODGES, 2010), in the middle of the
distribution (KILLEWALD AND BEARAK, 2014) and at the top (ANDERSON ET AL, 2002;
ENGLAND, 2016). Thus, the decomposition along the wage distribution intended here will
serve as an additional subsidy, with the difference of being carried out for different age groups.

In order to meet the abovementioned objectives, this paper is structured in four sections, in
addition to this introduction. The first contains a brief literature review of the motherhood
penalty, with a focus on the wage perspective and the age-related aspects; the second describes
the database and the methods used for the analysis; the third presents and discusses the results
obtained, and the last brings the final considerations.

2. A brief literature review on the mothehood wage penalty

The literature on the maternity penalty shows a consensus on the fact that mothers receive, on
average, lower wages than non-mothers. Some examples are Waldfogel (1997), Budig and
England (2001) and Anderson, Binder and Krause (2002) for the United States; Kiihhirt and
Ludwig (2012) for Germany; Livermore, Rodgers and Siminski (2011) for Australia; Jia and
Dong (2012) for China; Gamboa and Zuluaga (2013) for Colombia; Molina and Montuenga
(2009) for Spain, and Gafni and Siniver (2015) for Israel. Although there is no disagreement in
the literature about the existence of the penalty itself, several points are still up for debate. For
example, what factors contribute most to the wage gap between mothers and non-mothers?
Which mothers are penalized more, those with the worst socioeconomic status or those with the
best? How does the penalty tend to behave over the life course?

With regard to socioeconomic status (SES), some studies have looked at the issue from the
point of view of the level of income, education or occupations of women with and without
children (ANDERSON ET AL, 2002; BUDIG AND HODGES, 2010; KILLEWALD AND
BEARAK, 2014; ENGLAND, 2016, GLAUBER, 2018). An obvious inference is that women
with lower SES would suffer a greater penalty, given their condition of greater social
vulnerability. However, this conclusion is not unanimous, either conceptually or empirically.

From a theoretical point of view, Budig and Hodges (2010) present two lines of reasoning: on
the one hand, women at the top of the income distribution live in households with better
conditions for outsourcing care tasks, thus reducing the conflict between work and family. On
the other hand, the greater availability of resources may allow high-earning mothers to reduce
or even interrupt their work activity for longer, leading to a greater wage penalty for them due
to the loss of market experience. Anderson et al (2002) and England (2016) also point out that,
due to the lower level of human capital of women with low SES, these workers would be less
vulnerable to a deterioration in wages due to motherhood. Thus, interruptions in labor market



experience would not have a major impact on their wages, and the penalty would be greater for
the more qualified, which was confirmed in their results.

The findings of Anderson et al (2002) and England (2016) differ from those found by Budig
and Hodges (2010), which indicated greater penalties in the lower quantiles of the income
distribution, and Killewald and Bearak (2014), in which the penalty was concentrated in the
middle of the wage distribution. The last two studies used the same database, but different
methodologies - conditional quantile regressions, in the case of Budig and Hodges, and
unconditional quantile regressions, used by Killewald and Bearak' . The discrepancy in the
results showed that the question of the motherhood penalty by socio-economic group seems to
be sensitive to the method used, raising the debate as to which one is the most appropriate.

With regard to the motherhood penalty at different ages, studies show that, on the one hand,
greater experience in balancing motherhood and work and the growth and independence of
children can contribute to reducing the penalty at older ages (NEUMEIER, SORENSEN AND
WEBBER, 2018). However, the discontinuity of mothers' experience can make it difficult for
them to enter higher-paying occupations or delay their occupational progression, causing a
growing disadvantage compared to non-mothers (ABENDROTH ET AL, 2014; KHAN ET AL,
2014).

When analyzing occupational prestige over the life course for European countries, Abendroth
et al (2014) showed that motherhood has short- and long-term costs. The passage of time has
not compensated for the negative consequences of a first birth, and losses in occupational status
accumulate as the first child grows up. For the second birth, occupational penalties did not
worsen over time, but occupational status did not recover. Khan et al (2014) carried out similar
research, considering participation, wages and prestige for the United States. The authors
observed that the difference in participation between women with and without children became
almost non-existent from the age of forty; for wages, there is an increase in the penalty around
the age of thirty, but the difference narrows at forty. The prestige penalty is reduced between
the ages of thirty and forty. Neumeier, Serensen and Webber (2018) also analyzed the American
context, showing that the wage gap between mothers and non-mothers increases over the life
course, but at a decreasing rate as age advances.

A key aspect of the penalty over the life course is the timing of motherhood, i.e. the moment in
life when the child arrives. For example, women who have postponed motherhood will probably
have children at a time when they already have a large amount of accumulated human capital.
Thus, the penalty suffered by such women would be different from that experienced by women
who had their children at a young age. Landivar (2018) showed that in the United States,
mothers in occupations categorized as "professional" — which offers higher wages - experienced
a greater wage penalty from early motherhood. Delaying the first birth reduced the penalty in
these high-wage occupations, while women in low-wage occupations showed little economic
benefit from late motherhood.

In Brazil, the analysis of the labor participation and wages of women with children in the
Brazilian labor market generally appears within broader contexts of analyses that relate labor
variables to types of household and family arrangements. The findings generally show that
men's participation in the labor market is not significantly affected by the family structure of
which they are a part, but for women there is a wide variation, depending on marital status or

! The differences between the two methods will be explained later in this paper.



the presence of children (LAVINAS AND NICOLL, 2006; SORJ ET AL, 2007, WAINMAN,
2012; MADALOZZO AND BLOFIELD, 2017).

The aforementioned studies provide unanimous evidence that the presence of children in the
household tends to depress participation in labor market or the wages of Brazilian women.
However, the national literature still has few studies that delve into this issue. Table 1 provides
a summary of the studies that have looked more specifically at the motherhood penalty in Brazil.

Table 1. Summary of studies on the maternity penalty in the Brazilian labor market

Author

Description of work

Pazello and Fernandes (2004)
Pazello (2006)

Souza, Rios-Neto

(2011)

and Queiroz

These studies have in common the attempt to control the preferences of
the women analyzed. To do so, they compare mothers and women who
have given birth to stillbirths, assuming that both have preferences
oriented towards motherhood, even though the latter had never
experienced it. Another comparison is that of women who have had
twins with women who have not, which again assumes a preference for
children for both groups of analysis, even though the former has
experienced an exogenous fertility shock. Generally speaking, the
results of these studies showed a negative relationship between
motherhood and labor market participation or hourly wages, but the
effects diminish in a "long-term" perspective (here demarcated by the
age of the mother or child).

Paulo (2012)

Compared mothers and childless women at two points in time, 1992 and
2009, and showed that the negative impact of motherhood on earnings
increased between the two years. This result is attributed to the greater
demands of the market, making it difficult for mothers to reconcile work
and domestic activities.

Paulo (2013)

In addition to analyzing the motherhood penalty for average wages, the
author studied the phenomenon along the conditional distribution of
wages. The initial hypothesis of a greater penalty in the higher income
quantiles was not confirmed, since the quantile with the greatest
difference between mothers and non-mothers varied between the years
analyzed. The author also investigated the impact of the timing of the
birth of the first child, showing that there is a premium for postponing
motherhood only for wealthier women.

Guiginski (2015)

They analyzed four indicators of access to work for men and women:
participation, quality of the job held, earnings and risk of
unemployment. The results, for 2013, showed that the presence of
children in the household had a negative impact on all female indicators;
for males, however, the results were mostly not statistically significant.

Souza (2016)

Used the Oaxaca-Blinder method to decompose the hourly wages of
mothers and non-mothers, finding a wage penalty for the former and an
increase in this according to the number of children. The author also
analyzed the distribution of conditional and unconditional wages, and in
both cases found greater penalties at the top of the distribution, justifying
the results by the opportunity cost, in terms of potential earnings, of
high-income women .

(continued)



(conclusion)

Observed the impact of the presence of young children in the household
for men and women in two main dimensions: participation, using a
sample selection model, and wages, using conditional quantile
regressions. They showed that at the top of the income distribution (the
richest 5%) there is no difference in wages between the sexes. At the
Muniz and Veneroso (2019) bottom, on the other hand, there was a wage gap, but the authors consider
that the impact of motherhood is small, and other factors predominate,
such as schooling, type of occupation and discrimination. The penalty,
according to the authors, is more significant in relation to market
participation than in terms of wages, and varies according to the order
of childbirth.

Source: Own elaboration.

Although some of the studies shown in Table 1 present analyses in which age is considered as
an explanatory variable for the differences between women with and without children, none of
them emphasize the differences between these women resulting from the stage of the life course
they are at. This is a gap that this paper seeks to fill, since decomposition analyses will make it
possible to verify possible changes in the composition of the wage differential between different
age groups. The next section describes the data source for this study and the methods used.

3. Data and methods

In order to achieve the objectives set out in the introductory section, we used microdata from
the National Household Sample Survey (Pesquisa Nacional por Amostra de Domicilios,
PNAD), carried out by the Brazilian Institute of Geography and Statistics (/nstituto Nacional
de Geografia e Estatistica, IBGE) for 2015. The period chosen took into account the most
recent survey in which the fertility questionnaire was carried out. Women living in urban areas
were selected for the sample, divided into mothers and non-mothers, and the division of the two
groups was made using the variable V1101, "Had any children born alive up to the reference
date". The sample was also divided into two age groups: 25 to 34 years and 35 to 44 years. It
was decided to use ten-year age groups to avoid the sample becoming too small.

With regard to the empirical models, the Oaxaca-Blinder decomposition was used for the
average hourly wages and the quantile decomposition according to the approach of Firpo, Fortin
and Lemieux (2009, 2018) for the hourly wages quantiles. The central idea of these models is
to identify the effect of the personal and productive attributes of two groups of interest on the
wage gap between them, as well as to separate the effect in question from that not explained by
observable characteristics. Sections 3.1 and 3.2 explain these methods in detail.

3.1.Average wages: Oaxaca-Blinder decomposition

The methodology developed by Oaxaca (1973) and Blinder (1973) for decomposing the wage
gap between two groups of interest is considered pioneering in studies related to the labor
market, and has become a widely used tool in the analysis of wage differentials by race/color,
sex and other factors (FORTIN, LEMIEUX AND FIRPO, 2011). Thus, in view of the scope of
this paper, the Oaxaca-Blinder decomposition model applied to the income differential between
mothers and non-mothers is briefly presented. The starting point of the model is the estimation
of linear regressions for each group of interest, whose dependent variable is the logarithm of
the hourly wages, and the regressor variables are attributes that influence the behavior of
earnings, as shown in (1).
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In (5),In Wy; is the logarithm of hourly wages,Bg, is the angular coefficient,yK_, Xjj is the
vector of explanatory variables, Y N_, Bgk is the vector of linear coefficients,vy; is the error term,
which is expected to equal zero, and M and NM correspond, respectively, to the groups of

mothers and non-mothers. The difference between the average hourly wages of the two can be
represented as in equation (2):
AY=In Wy — In Wyy (2)

Substituting equation (1) into (2) and rearranging the terms, we have:

K K
A=) Ko — Xnw) Brwic + (Buio = Brwo) + ) Kone (Brac = Bran) ~~ (3)
k=1 k=1

E§ (composition effect) ES (wage structure effect)

Equation (3) expresses the structure of the decomposition. The first term, the composition effect
(3; ), represents the portion of the wage gap arising from differences in the attributes of women
with and without children. The second, the wage structure effect (ﬁg ) shows the effect of the
coefficients of the predictor variables, i.e. the returns to the characteristics of these women. The
literature usually attributes the effect of discrimination in the market to this part of the
decomposition, but with reservations, since the part not explained by characteristics can include
other problems, such as the non-inclusion of other variables that can explain the wage
differential between the groups analyzed.

As well as distinguishing between the effects of wage composition and structure, the Oaxaca-
Blinder decomposition makes it possible to estimate the contribution of each covariate to these
two effects. Thus, the aggregate decomposition is the separation of ﬁg into E; and Eg , while
the detailed decomposition consists of the subdivision of A} into K;k , as well as A% into E‘Sl’k ,
for which k represents each covariate in the model (FORTIN, LEMIEUX AND FIRPO, 2011).

3.2.Wage distribution: Firpo, Fortin and Lemieux decomposition

Quantile regression analysis was introduced by Koenker and Bassett (1978). Since then, various
studies have sought to combine this modeling with decomposition methods in line with Oaxaca-
Blinder (FORTIN, LEMIEUX AND FIRPO, 2011). While some of these were successful in
running quantile decomposition models in aggregate terms (composition and wage structure
effect), the detailed decomposition - which presents the contribution of each variable in the
vector of predictors to the composition and return effects - proved to be a more complex
challenge to solve.

Fortin, Lemieux and Firpo (2011) explain that, in an OLS model, the relationship between the
vector of predictors (X) and the predicted variable (Y) is defined by a function of conditional
averages, which show how the averages of Y vary according to the variables in the vector of X.

E(Y[X) = XB (4)



Alternatively, from the perspective of the Law of Iterated Expectations, the average value of Y
can be obtained unconditionally from the vector of explanatory variables, as shown in (5):

E(Y) = Ex(Y | X) = E(X)B (5)

According to equation (10), 3 could be interpreted as the effect of increasing the mean of X on
the unconditional mean of Y.

When there is interest in the distribution of the dependent variable, reasoning analogous to that
represented by equation (4) can be applied to quantiles; thus, each conditional quantile Q. (X)
can be expressed as a function of the vector of predictors:

Q:(X) = XB: (6)

Where £; is the effect of X on the t-th conditional quantile of Y . The same analogy, however,
cannot be applied to the unconditional mean of the dependente variable, since Q. #
Ex[Q.(X)] = E(X)B; , for which Q, is the unconditional quantile. This makes it impossible to
interpret [5; as the effect of increasing the average of X on Q,.

The infeasibility of applying the Law of Iterated Expectations in the context of quantile
regression has led to the development of some alternatives. The most widespread of these is the
proposal by Machado and Mata (2005), which consists of estimating regressions for all
quantiles of the distribution. Once the entire conditional distribution of Y given X has been
estimated, it would be possible to carry out a counterfactual exercise to analyze differences
between two groups, such as women with and without children, for example. Another widely
known proposal is that of Melly (2006), based on the work of Machado and Mata (2005), but
with some differences regarding the estimation of this counterfactual exercise. In Machado and
Mata (2005), the counterfactual unconditional wage distribution is constructed from the
generation of a random sample; in turn, the estimation of the unconditional distribution by
Melly (2006) is carried out by integrating the conditional distribution over a range of covariates
(SALARDI, 2013).

Firpo, Fortin and Lemieux (2009, 2018) argue that the Machado-Mata-Melly models have the
limitation of only providing an aggregate decomposition, and that it is not possible to estimate
the detailed contribution by components of the vector X . Therefore, the authors created an
alternative formulation, using the Recentered Influence Function (RIF), which makes it possible
to estimate the detailed decomposition by covariates, as well as being path independent, i.e. the
order of the predictors does not influence the model's results. For these reasons, we chose to
use the model proposed by Firpo, Fortin and Lemieux (2009, 2018) for the quantile
decomposition exercises in this study.

In order to understand the use of RIF in regression (FIRPO, FORTIN AND LEMIEUX, 2009)
and decomposition (FIRPO, FORTIN AND LEMIEUX, 2018) models, Appendix A provides
an introduction to the concept of Influence Function - IF - which, in general terms, represents
the influence of an individual observation on the distributional statistic of interest. Considering
an influence function IF (y; v) , where y is an observation of the dependent variable Y, Fy is the
density of the cumulative distribution of Y and v(+) is a functional that estimates the statistic of
interest, Firpo, Fortin and Lemieux (2009) define the RIF as shown in (7):

RIF(y;v) = v(Fy) + IF (y; v) (7)



In the context of this work, the distributional statistic is given by the quantile Q.; therefore,
equation (7) could be rewritten as (8):

RIF(y; Q:) = Q; + IF(Q,) (8)

The RIF regression model resembles a standard linear regression, except that the dependent
variable is replaced by the RIF of the statistic of interest, in this case,RIF (y; Q,) . Thus, the
income differential between women with and without children in a quantileQ, can be defined
according to equation (9),

80: = E[RIF(y, Quy}] - EIRIF(y, Qepy)] ©)

where E[RIF{y, Q,,,}] = XM g™ and E[RIF{y, Qeantl = XNM'RNM 1 order to identify the

composition and wage structure effects on AQ,, it is necessary to create a counterfactual
scenario. The insertion of the counterfactual quantile Q.. to calculate the wage differential is

done as shown in (10),

AQ, = Q‘L’M - Q‘t(; + Q‘rc - Q‘L’NM (10)
AQzg AQzx
in which AQ., and AQ;, are the composition and wage structure effects, in that order. In a

traditional extension of the Oaxaca-Blinder decomposition to quantiles, one would have Q.. =

xM' BNM | i.e. the counterfactual quantile would reflect the characteristics of mothers, who are
paid according to the wage structure of non-mothers. However, Firpo, Fortin and Lemieux
(2018) point out that this definition of Q;,. may not be appropriate in cases of poor model
specification or if the RIF does not reflect a good approximation of Q.. The authors therefore
propose a strategy based on estimating a reweighting factor to obtain Q. ., according to the
methodology originally formulated by DiNardo, Fortin and Lemieux (1996). Equation (11)
shows the definition of this reweighting factor, denoted by ¥ (X).

1—-p P(T=1|X)
1-P(T =1|X) b

Y(X) =

In (11), p represents the proportion of individuals belonging to the group T = 1 — in the context
of this work, the group of mothers —, and P(T = 1| X) is the conditional probability of an
individual with atributes X constituting the group T = 1 . In practice, 1 (X) can be measured
by estimating binary choice models.

After obtaining the factors (X), the counterfactual quantile can be obtained by a regression
model, so that E [RIF {y, Q: c}] =X C'[? €. Once this regression has been estimated, the
reweighted decomposition of AQ, takes the following form:

AQr = XM (By — Be) + (XM = XY Be + (X€ = XV™) By + X' (Be — Bum) ~ (12)
AQqY AQx§ Q7% AQck
AQzg AQzx

It can be seen from equation (12) that the reweighting procedure implies a "double
decomposition”. In the first stage, the differential AQ, is decomposed into AQ., and AQ.,

which represent the aggregate composition effect and the aggregate wage structure effect,



respectively. Next, each of these components is broken down again, generating two "pure"
terms, AQ,? and AQ.%Y , and two error terms, AQ.; and AQ.¢ . The portion AQ,; is called
"specification error" and is used to measure the quality of the model specification and the
approximation made by the RIF. The portion AQ,¢ is called "reweighting error" and measures
the quality of the specification of the binary choice model used to estimate the reweighting
factors.

Based on the literature review carried out in section 2, there has been an discussion about the
most appropriate method for estimating the motherhood penalty in the distribution of wages,
since the results have been shown to be sensitive to the modeling chosen (BUDIG AND
HODGES, 2010; KILLEWALD AND BEARAK, 2014; BUDIG AND HODGES, 2014). Due
to the possibility of estimating the detailed decomposition by covariates, we chose to use the
model proposed by Firpo, Fortin and Lemieux (2009, 2018). Another advantage of the method
developed by the authors is that it is path independent, i.e. the order of the predictors does not
influence the results of the model. Table 2 shows the explanatory variables used to apply the
decomposition.

The RIF models were estimated using STATA 14 statistical software, which includes the rif
package developed by Rios-Avila (2020). The RIF regression and decomposition models were
estimated using the rifhdreg and oaxaca rif commands available in this package. Logistic
regressions were used to calculate the reweighting factors, implemented directly in the
aforementioned commands using the rwlogit argument. Firpo, Fortin and Lemieux (2009)
recommend estimating bootstrap standard errors for unconditional quantiles, so all models were
estimated using bootstrap standard errors with 1000 replications.

Table 2. Explanatory variables in the decomposition models for the income differential
between mothers and non-mothers

Variables Description
Age Continuous variable, defined by the number of years lived.
Age squared? Continuous variable, defined by the square of the number of years lived.

Multinomial variable for the woman's level of education: no schooling; primary
Years of schooling education (incomplete or complete); secondary education (incomplete or
complete); higher education (incomplete or complete).

. Binary variable for the woman's marital status. If she has a spouse in the household,
Marital status . .
it takes on a value of 1; otherwise, it takes on a value of 0.

Binary variable for the woman's race/color. If black or brown, it takes on a value of

Race/Color 1; if white, it takes on a value of 0.

(continued)

2 In the main regression model, the age squared variable was constructed by centering it on the mean; thus, for a
given age a; , we have a;%2 = (a; — a*)2. For the binary choice model used to calculate the reweighting factors, we
simply calculated .a;2 = a; - a;



(conclusion)

Variables Description

Hours dedicated to

Continuous variable, defined by the total number of hours worked in the week.
household chores

Multinomial variable for the main Brazilian regions: Southeast, South, Midwest,

Region of the country Northeast and North.

Multinomial variable for position in occupation: employee with signed work
contract; employee without signed work contract; military or statutory employee;
domestic worker with signed work contract; domestic worker without signed work
contract; self-employed worker; employer.

Occupational position

Source: Own elaboration.
3.3.Methodological limitations

One issue that is relevant in studies on the labor market is sample selectivity, which has a
significant impact on the results of the models and arises from different mechanisms. The
estimation of wage equations implies the selection of women who participate in the labor
market and earn positive incomes (i.e. those who report an income of zero are not considered).
In this case, sample selection bias is corrected by estimating a probit model, whose dependent
variable is whether or not the woman participates in the labor market. Next, the variable
responsible for the correction is obtained, the Inverse Mills Ratio (1)* , which is then inserted
as a covariate in the income equation.

However, the inclusion of A in models that use the Refocused Influence Function has not yet
been widely applied in the literature. Studies such as Lemieux (2008), Firpo, Fortin and
Lemieux (2009, 2018), Firpo and Pinto (2016) and Rios-Avila (2020) use RIF regressions to
analyze income inequality, but do not correct for selection bias related to participation in the
labor market. Since the inclusion of the Inverse Mills Ratio in RIF models would have unclear
implications for the models, we opted not to correct for this source of bias.

Another source of sample selection bias, more specific to the context of this study, is related to
motherhood status itself, which varies according to the moment in the life course as childless
women migrate to the group of mothers. The latter becomes larger and larger as they get older,
while the group of non-mothers becomes smaller and has specific characteristics. In order to
overcome this selection bias, the reweighting procedure described in section 3.2 was used.
Thus, decomposition models were estimated for the average and distribution of salaries with
and without the reweighting procedure, in order to verify differences in both strategies.

In addition to the observations on selection bias, it is necessary to clarify the use of hourly
wages as the dependent variable in the models. By using this measure instead of the level of
eanrnings, the effect of the amount of work is suppressed, despite its importance in explaining
the differences in the entry of mothers and non-mothers into the paid market. However, the use

% According to Greene (2000), selection bias correction models can be understood as special cases of censored
models. In these, part of the distribution of a variable x is above or below some value a. Assuming that x has a
normal distribution with mean p and deviation ¢ , then the density function of a truncated distribution is given

byf(x|x>a) = E(j} (%)]/[1 — ®(a)], wherea = (a — p)/o and ¢(.) and ®(.) represent, respectively, the
standard normal density function and the cumulative normal distribution function. The Inverse Mills Ratio, the

variable responsible for correcting for selectivity bias, is determined by A(a) , where A(a) = ¢p(a)/[1 — P(a)]
ifx > ¢ and A(a) = —¢p(a)/P(a) , ifx < a.
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of hourly wages allows us to verify the possibility of mothers being confined to lower-paid
occupations in search of greater flexibility, justifying its adoption in this study.

It is also important to comment on the potential endogeneity between having children and
hourly wages, due to a possible bidirectional causality between the explanatory variable and
the explained variable. In other words, while motherhood would contribute to lower wages for
women with children compared to those without, women in the worst economic situation - and
with the lowest incomes - would be the most likely to become mothers. In this regard, it should
be noted that this study is limited to exploring the motherhood penalty in the Brazilian labor
market and how it is constituted, so no hypotheses about the direction of causality were tested.

The problem of endogeneity can also be observed between hourly wages and the number of
hours spent on household chores. The opportunity cost of time spent on housework tends to be
higher for workers who earn high wages. They would therefore be more likely to outsource
household production, reducing the time spent on chores. Therefore, the hours spent on
housework would be endogenously determined by wages (HERSCH AND STRATTON, 1997;
HERSCH, 2009).

Another situation concerns unobservable individual characteristics, such as an innate high
work-oriented productivity. Since this is not an observable attribute, it can be interpreted as an
error term in the wage equation. If workers with higher levels of innate market-oriented
productivity specialize more in paid work to the detriment of domestic work, then there will be
a negative correlation between the error term and the hours spent on chores (HERSCH AND
STRATTON, 1997; HERSCH, 2009).

In both situations described above, the estimate of the parameter related to hours spent on
household chores would be biased downwards, i.e. housework would have a greater negative
impact on wages than it actually does. Despite these considerations, the empirical studies by
Hersch and Stratton (1997) and Hersch (2009) attested to the exogenous relationship between
hours spent on chores and hourly wages, so that the estimators were not biased.

4. Results and Discussion

This section is divided into three parts. The first presents the profile of the women under
analysis according to some variables of interest, which is related to the composition effects on
the wages differential. The second subsection shows the behavior of hourly wages throughout
the wage distribution by these variables, representing the "price effect" of the wage gap. Finally,
the decomposition models estimated using RIFs (Recentered Influence Functions) are
presented, in the light of the work by Firpo, Fortin and Lemieux (2018).

4.1.Composition of the profile of the women under analysis

This subsection presents the composition of the sample established according to some variables
of interest, for their average values and in selected quantiles of hourly wages. But first, a brief
general description of the sample of women with and without children along the distribution of
wages is presented (Figure 1). There is a clear relationship between motherhood and hourly
wages in both age groups, since there is a higher concentration of women with children in the
first quantiles of the distribution and, similarly, a higher proportion of women without children
in the higher quantiles. This configuration is consistent with studies on the phenomenon of
childlessness in Brazil, which point to a higher prevalence of childlessness in the higher income
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strata (CAVENAGHI E ALVES, 2013; FUIIWARA, 2018; LEOCADIO, 2019; SIMAO ET
AL., 2020).

Figure 1. Composition of the sample of mothers and non-mothers aged between 25 and 34
and between 35 and 44 along the wage distribution - Brazil, 2015
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Source: PNAD 2015 microdata (IBGE).

Figure 1also shows a predominance of mothers over non-mothers, which intensifies in the older
age group, which was expected since the mother/non-mother ratio naturally tends to rise with
increasing age. In addition, phenomena related to the dynamics of fertility in Brazil, such as the
postponement of fertility and consequent increase in the average age at the birth of the first
child (MIRANDA-RIBEIRO, GARCIA E FARIA, 2019) and the increase in childlessness
mentioned above, contribute to a higher proportion of non-mothers among women in younger
cohorts.

Table 1 shows the composition of the sample of mothers and non-mothers aged between 25 and
34, according to the variables of interest, andTable2 shows similar information for women aged
between 35 and 44. With regard to participation in the labor market, non-mothers are more
active in labor market than mothers in both age groups, but participation rates converge in the
older age group. This may reflect the fact that mothers in the older age group probably have
children at an age when it is no longer necessary to spend a large number of hours caring for
them, making these women available for the paid market. On the other hand, mothers in the
younger age groups usually have young children, who demand more of their time, often making
paid work impossible. In the case of women without children, there is the question of the
selectivity effect, since the number of women in the 35 to 44 age group who do not have children
is relatively small, so they have very specific characteristics.
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The distribution of women among the categories of education shows that mothers have a lower
average level of education than non-mothers. In both age groups, there is a higher proportion
of mothers with only primary education than non-mothers. On the other hand, the opposite is
true for higher education, with a higher proportion of non-mothers compared to mothers. This
also applies to the quantiles of the wage distribution, because even among the richest women,
women with children have less schooling than those without children. Thus, there is a
motherhood penalty in terms of schooling, regardless of income level.

In addition, it can be seen that women belonging to the oldest age group are more present in the
categories with fewer years of schooling, regardless of whether or not they have children. This
is a reflection of the expansion of access to higher education in the country in the mid-2000s,
which led younger cohorts to increase their level of schooling (OLIVEIRA AND COLOMBI,
2014). Thus, women in the 35 to 44 age group did not benefit from the educational transition
in the same way as women aged 25 to 34, since they were able to enter university at a time
when access to higher education was increasing.

The race/color variable shows, on average, a higher proportion of black mothers than non-
mothers, especially in the younger age group. Black women are doubly penalized compared to
white women in the Brazilian job market, both because of the inequality of opportunities, which
produces a gap between the attributes of both, and because of racial discrimination itself
(PASSOS AND WAJNMAN, 2021). Thus, the higher proportion of black women among
mothers may contribute to explaining the wage differential between mothers and non-mothers.
This situation also occurs for the quantiles, although the proportion of white women rises at the
top of the distribution for mothers and non-mothers.

The proportion of women with and without a spouse in the household reveals a greater presence
of a spouse among mothers - which is to be expected, since the transition in marital status
usually precedes the transition to motherhood (OLIVEIRA, RIOS-NETO AND OLIVEIRA,
2006). In addition, there is a direct relationship between the proportion of mothers with a spouse
in the household and the level of income, since the higher the quantile of the wage distribution,
the higher the proportion of women with a spouse in both age groups. This behavior reflects the
vulnerability of the family arrangement composed of women without a spouse and with
children, which is usually more recurrent among the lower income strata (SORJ ET AL, 2007;
MADALOZZO AND BLOFIELD, 2017). For women without children, there is no such
relationship between the presence of a spouse in the household and income.

With regard to the hours dedicated to household chores, there is a high number of hours
dedicated by mothers, and little change throughout the wage distribution. For non-mothers, on
the other hand, the inverse relationship between income level and hours spent on chores is
clearer. This is because women in the higher income strata are better able to outsource
household chores, but caring for other members of the household is not fully outsourceable.
Analyzing this variable from an age perspective, there is a convergence in the number of hours
dedicated by women with and without children in the older age group, with a reduction in the
case of the former and an increase in the case of the latter.
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Table 1. Composition of the sample of mothers and non-mothers aged between 25 and 34, according to variables of interest - Brazil, 2015

Non-mothers

) Mothers
Variable
Mean 0,1 0,25 0,5 0,75 0,9 Average 0,1 0,25 0,5 0,75 0,9

Economically active 69,4% 83,0%
Economically inactive 30,6% 17,0%
No schooling 2,04% 2,81% 2,53% 1,29% 1,91% 1,34% 2,02% 1,18% 0,10% 0,40% 0,74% 0,94%
Primary education 2995%  4734%  30,09%  26,84%  1743% 5,25% 8,20% 10,37% 8,54% 4,08% 0,58% 0,89%

Secondary education 5L,16%  4497%  59.57%  62.28%  5476%  31,01%  42,81%  73,00%  70,46%  5138%  19,11%  10,71%
Higher education 16,85%  4,88% 7,81% 9,58%  2589%  62,40%  46,96%  1545%  20.89% = 44,14%  79,56%  87,46%
Black and Brown 56,99%  69,09%  65.65%  51,55%  50.84%  4222%  4503%  57,98%  5839%  48,19%  30,58%  2533%
White 4301%  3091%  3435%  4845%  49,16%  57.78%  5497%  42,02%  41,61%  S51.81%  6942%  74,67%
With spouse in the household 5323%  38,57%  4738%  47.98%  53.62%  52,86%  2675%  27,76%  2487%  22,66%  2440%  33,39%
No spouse in the household 46,77%  6143%  52,62%  52,02%  4638%  47,14%  7325%  7224%  7513%  T734%  7560%  66,61%
cwhgi:y hours to houschold 23,19 23,32 20,55 21,15 21,85 21,63 14,92 14,84 15,06 14,84 13,58 12,98

Employee with work contract 48,3% 9,0% 56,5% 58,7% 47,3% 42,3% 60,0% 66,7% 79,2% 63,8% 57,8% 48,6%
fgfrl;’fe without work 12,8% 22,9% 15,5% 10,6% 14,7% 10,1% 12,3% 13,0% 8,9% 13,1% 12,7% 10,9%
Military and statutory 7,4% 0,0% 8,3% 3,1% 8,2% 19,9% 10,0% 0,0% 3,5% 6,4% 15,7% 23,9%
Domestic workers with contract 3,4% 1,7% 8,1% 4,0% 3,0% 0,0% 2,2% 8,1% 2,5% 2,1% 0,0% 1,2%

]c)o‘;‘gzzttic workers without 10,2% 31,0% 6,9% 10,2% 8,9% 5,0% 3,1% 42% 2,4% 43% 1,4% 0,2%

Self-employed workers 16,0% 33,9% 4,5% 12,5% 16,2% 17,0% 10,5% 7.2% 3,1% 8,9% 8,6% 13,1%
Employers 1,9% 1,6% 0,2% 0,9% 1,8% 5,7% 1,9% 0,8% 0,4% 1,4% 3,9% 2,1%

Southeast 42,8% 24.4% 37,5% 49,9% 45,8% 45,7% 49,4% 33,7% 52,8% 44.7% 54,4% 60,6%
South 13,7% 9,9% 8,8% 18,5% 20,6% 18,4% 13,8% 7,0% 12,1% 18,8% 18,9% 16,0%
Northeast 25,8% 44.2% 35,2% 16,0% 17,4% 17,4% 22,5% 46,2% 25,4% 19,8% 12,2% 9,9%

North 9,2% 15,0% 9,9% 5,8% 7,0% 6,4% 5,9% 7,7% 4,5% 5,3% 5,3% 4.7%

Midwest 8,5% 6,5% 8,6% 9,9% 9,3% 12,0% 8,3% 5,5% 5,3% 11,5% 9,2% 8,8%

Source: PNAD 2015 microdata (IBGE).
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Table2. Composition of the sample of mothers and non-mothers aged between 35 and 44, according to variables of interest - Brazil, 2015

. Mothers Non-mothers
Variable
Mean 0,1 0,25 0,5 0,75 0,9 Average 0,1 0,25 0,5 0,75 0,9

Economically active 73,0% 78,4%

Economically inactive 27,0% 21,6%
No schooling 3,89% 5,76% 3,38% 3,47% 1,83% 1,08% 5,17% 1,72% 0,63% 0,00% 0,34% 0,00%
Primary education 37,72%  5743%  4297%  3501%  21.83%  6,77% 16,80%  31,83%  2224%  12,12%  0,45% 3,88%
Secondary education 38,65%  32.90%  4512%  50,16%  4291%  2345%  3935%  52,55%  63,30%  4492%  2090%  9,93%
Higher education 1975%  3.91% 8,52% 11,37%  3343%  68,70%  38,67%  13,90%  13.83%  42,96%  7830%  86,20%
Black and Brown 53,75%  6733%  6595%  51,65%  48,68%  3637%  4639%  70,34%  5328%  47,37%  37.90%  36.23%
White 4625%  32,67%  34,05%  4835%  S51,32%  63.63%  S3,61%  29,66%  46,72%  52,63%  62,10%  63,77%
With spouse in the household 5471%  4505%  47,02%  S51,32%  53,86%  5831%  29,10%  25,55%  2828%  36,92%  2095%  4126%
No spouse in the household 4529%  5495%  52,98%  48.68%  46,14%  41,69% = 70,90%  7445%  TL72%  63,08%  79,05%  58,74%
cwhgi:y hours to houschold 22,39 23,52 19,70 20,82 21,24 20,09 16,32 16,11 17,00 15,41 15,02 13,79
Employee with work contract 37,6% 10,7% 44.2% 55,6% 34.2% 28,9% 47,0% 452% 62,1% 65,4% 41,4% 42,7%
Employee without work contract ~ 10,2% 19,2% 16,5% 9,5% 9,3% 9,4% 8,8% 13,1% 9,0% 4,0% 6,2% 6,6%
Military and statutory 12,6% 0,5% 11,7% 9,7% 16,2% 32,6% 15,7% 0,0% 8,5% 11,5% 27,1% 25,5%
Domestic workers with contract 6,6% 5,6% 15,8% 8,9% 3,4% 0,8% 3,8% 9,9% 6,2% 3,3% 0,6% 0,9%
]c)o‘;ﬁzzttlc workers without 12,0% 27.8% 6,8% 6,3% 14,2% 3,3% 7,0% 19,0% 4,4% 4,0% 1,9% 1,4%
Self-employed workers 17,7% 34,4% 4,6% 9,8% 20,0% 14,2% 15,2% 10,3% 9,4% 10,5% 17,0% 18,5%
Employers 3,2% 1,9% 0,6% 0,3% 2,7% 10,7% 2,5% 2,4% 0,4% 1,4% 5,7% 4,5%
Southeast 45,6% 31,6% 32,9% 51,4% 48.4% 46,7% 50,5% 44,8% 49,5% 52,2% 56,0% 56,1%
South 13,9% 8,6% 7,5% 18,7% 19,1% 17,9% 12,9% 4,0% 10,6% 19,4% 14,4% 13,2%
Northeast 24.4% 41,6% 38,1% 13,5% 16,4% 16,8% 22,3% 36,6% 25,6% 12,3% 15,2% 15,8%
North 7,7% 11,7% 10,0% 6,6% 5.2% 7,8% 5,6% 6,3% 4,8% 3,3% 5,4% 6,3%
Midwest 8,4% 6,4% 11,6% 9,7% 10,9% 10,8% 8,7% 8,4% 9,5% 12,8% 8,9% 8,7%

Source: PNAD 2015 microdata (IBGE).
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The occupational profile of the women under analysis shows a higher proportion of mothers
working as self-employed and domestic workers without a formal contract compared to non-
mothers. The latter, in turn, are more likely to work in positions that offer stability and
protection, such as jobs with a formal contract and the civil service. The high proportion of
mothers in self-employment and domestic service reflects the search for more flexible working
hours, which allow for a better balance between work and motherhood (BUDIG AND
ENGLAND, 2001). At the same time, the search for flexibility, especially among lower-income
mothers, is often related to the precariousness of work and informality.

With regard to self-employment, it should be pointed out that not every activity classified as
such is related to informality, since there are professionals who are self-employed and
contribute to the social security system, characterizing them as formal. It is reasonable to infer,
however, that this is not the situation for mothers at the lower end of the wage distribution.
Women with children have high rates of informality, which in turn tend to be more prevalent
among the low-income population (VILLANUEVA AND LIN, 2015). Domestic service, in
turn, is traditionally characterized by a high degree of informality. In order to enter the market,
workers in this sector tend to sell their working hours for competitive prices, which most of the
time involves involuntarily giving up their labor rights (WAJINMAN, 2016).

Finally, there are marked regional differences between the quantiles of the wage distribution
and between the different motherhood statuses. From an income perspective, in the lower part
of the distribution there is a high proportion of women living in the North and Northeast regions,
while in the upper part there is a predominance of women living in the Southeast, regardless of
age group and number of children. On the other hand, when analyzing from the perspective of
motherhood, there is a higher percentage of women without children in the Southeast, while
mothers are more prevalent in the North and Northeast. Since the latter are economically less
developed regions with higher levels of fertility (CAMARANO E CARNEIRO, 2016), the
regional perspective may also be an explanatory factor for the motherhood penalty in Brazil.

4.2. Wage structure of women with and without children according to different variables

This subsection shows the wage structure of women with and without children throughout the
distribution, by age group. In order to make it easier the visualization, it was decided to show
only the ratios of hourly wages between mothers and non-mothers for the two age groups under
analysis. Thus, values less than unity (100%) denote that the hourly wages for mothers are
lower than for non-mothers.

Figure 2 shows that the biggest difference in income occurs in the higher quantiles, so that the
women most penalized by motherhood would be the richest. This result is consistent with
studies in the literature (ANDERSON ET AL, 2002; ENGLAND, 2016), which justify the result
by the higher opportunity cost that motherhood brings to such women. England (2016) argues
that mothers belonging to the lower income strata would be less susceptible to the wage losses
resulting from motherhood, since they would not show major differences in their productive
attributes compared to low-income childless women.

Another factor that could explain the greater income gap in the higher quantiles is wage rigidity
in the lower portion of the distribution, which occurs through a number of mechanisms. The
presence of the minimum wage is one of them, since it contributes to greater income
homogeneity in the lower quantiles. There is also the effect of the wage structure of
occupations. Technological changes, for example, tend to have little effect on the wages of
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occupations typical of the lower income strata, making the heterogeneities in this part of the
distribution smaller (LEMIEUX, 2008, AUTHOR ET AL, 2014).

Figure 2. Ratio of income/hour of mothers and non-mothers along the wage distribution, by
age group - Brazil, 2015
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Source: PNAD 2015 microdata (IBGE).

The greater penalty of motherhood among wealthier women also finds support in the national
literature from the study by Souza (2016), which, like international studies, justified its results
using the argument of the high opportunity cost among such women . Other studies carried out
for the Brazilian context, such as Paulo (2013) and Muniz and Venerozo (2019), presented
different conclusions: in the first study, several years were analyzed, and the quantile with the
greatest difference between women with and without children varied. The second study, on the
other hand, pointed to the existence of a maternity wage penalty only in the lower part of the
wage distribution; it should be noted, however, that this study compared men and women rather
than women with and without children.

Another relevant aspect observed inFigure 2 concerns the age perspective. It can be seen at the
extremes of the distribution that the income ratio of women in the 35 to 44 age group is higher
than the ratio of those aged between 25 and 34. Although women in both age groups do not
belong to the same cohort, this may be an indication that mothers are unable to fully recover
the effects of motherhood on their income at older ages.

Figure 3 shows the hourly wages ratio of women with and without children along the wage
distribution, by age group, according to the variables of interest. In general, there is a similar
pattern to that seen inFigure 2, in which the motherhood penalty is more pronounced at the top
of the wage distribution. From an age perspective, the differences between the two age groups
are not very prominent for most of the variables under analysis.

The hourly wages ratios according to the different education categories show a discrepant
behavior in the higher quantiles of women aged between 25 and 34 and those aged between 35
and 44 who have no formal education, but it should be borne in mind that this group of women
composes a very small proportion of the sample. Despite this category of education, there is a
motherhood penalty in the lower portion of the wage distribution for women with only primary
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education, especially for the younger curve; the same occurs for higher quantiles in the higher
education category. This configuration probably reflects the fact that the typical occupations of
those at the top of the distribution are related to a higher level of education; therefore,
heterogeneities will be more visible at higher quantiles. At the lower end of the distribution,
occupations may not require higher education, but primary education is usually necessary,
which would explain the greater heterogeneities at lower quantiles for this category of
education.

When analyzing the hourly wages ratios according to race/color, for most quantiles there is a
greater penalty among white women - the exceptions are the 0.05 and 0.1 quantiles, in both age
groups, and from the 0.8 quantile onwards, for women aged between 35 and 44. Some studies
in the literature (WALDFOGEL, 1997; GLAUBER, 2007) have already pointed to a greater
penalty for white women, although no clear explanation has been given for this result. It is
inferred that the other penalties suffered by black women, arising from discrimination based on
race and unequal opportunities, make the effect of motherhood on earnings lower for these
women compared to white women.

With regard to the presence of a spouse in the household, for almost the entire wage distribution
there is a higher motherhood penalty among women who do not have a spouse. This result is in
line with some studies in the literature (BUDIG AND ENGLAND, 2001; GLAUBER, 2007),
which point to a higher motherhood penalty for married women compared to those who are not
in a union. This is because married women spend more time on household chores, which has a
negative impact on their productivity and, consequently, their wages. However, this mechanism
is not necessarily valid for the Brazilian context, mainly due to the worse economic situation of
women with children but no spouse.

The categories of the variable referring to the country's regions show that the motherhood
penalty is higher in those regions where higher wages are earned - the Southeast, South and
Center-West. On the other hand, the North and Northeast regions have hourly wages ratios
closer to 100%, even at the top of the wage distribution, where the motherhood penalty has
been more pronounced.

Finally, the position in occupation variable shows a downward movement in the ratios of hourly
wages throughout the distribution for female employees with and without a formal contract, as
well as for military and statutory employees. This shows that, in these occupations, the
motherhood penalty is more pronounced at higher hourly wages levels. For domestic workers
with and without a formal contract, the ratios are always close to 100%, which is explained by
the wage rigidity typical of the occupation* , contributing to the homogeneity of the incomes of
women with and without children. In relation to self-employed women, the ratios also show a
relatively constant trajectory, but unlike domestic service, they indicate the existence of a
motherhood penalty, which may reflect different types of activities carried out by mothers and
non-mothers. In relation to the category of employers, the higher income of mothers at the top
of the wage distribution stands out in the case of women aged between 25 and 34, and in almost
the entire distribution for those in the 35 to 44 age group, producing hourly wages ratios of over
100%.

4 In addition, the number of female workers belonging to this occupation is very small in the upper quantiles of
the distribution.
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Figure 3. Ratio of earnings/hour of mothers and non-mothers along the wage distribution, by age group, according to variables of interest -

Brazil, 2015
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In short, the analysis of the hourly wages ratios of women with and without children for
different variables indicated a more accentuated motherhood penalty for the more socially
privileged groups: women with higher education, white, with a spouse in the household, in
occupations offering better working conditions and living in more developed regions of the
country. These findings reveal greater homogeneity among the poorest and most socially
vulnerable women, so that motherhood has little impact on their income.

The following sections explore these issues in more depth, as will be shown from the estimated
decomposition models, which will make it possible to verify the magnitude of the composition
and wage structure effects on the wage gap, as well as assessing which variables contribute to
or attenuate each of these effects.

4.3.Quantile decomposition models via RIF

The results of the RIF decompositions at the midpoint® of the wage distribution are shown
below. Table 3 shows the following indicators: the natural logarithm of hourly wages for
women with and without children; the counterfactual hourly wage of non-mothers - i.e. the
wage they would receive if they had the same characteristics as mothers - and the wage gap
between the two groups. It is worth noting that the estimation of the counterfactual hourly wage
refers only to the model with reweighting, according to the procedure explained in section 3.2
of this paper.

Table 3. Average hourly earnings differential between mothers and non-mothers aged
between 25 and 34 and between 35 and 44 - Brazil, 2015

25 to 34 years 35 to 44 years
Coefficient exp (coef) Coefficient exp (coef)
Mothers 2.121%** RS 8.34 2.241%** R$ 9.40
(0.00846) (0.00772)
Non-mothers 2.427%** R$ 11.32 2.520%** R$ 12.43
(0.0117) (0.0184)
Counterfactual (with reweighting) 2.159%** RS 8.66 2.172%%* R§ 8.78
(0.0403) (0.0489)
Total difference -0.306%** 0.74 -0.279%** 0.76
(0.0142) (0.0203)

Source: PNAD 2015 microdata (IBGE).
Note: Statistical significance levels:*** p < 0.01,%* p < 0.05,* p < 0.1. Bootstrap standard errors were used
throughout the procedure (1000 replications) to calculate the p-value.

The results ofTable 3 show that motherhood is penalized in both age groups, since the hourly
wages of mothers are lower than those of non-mothers. In addition, there is little change in the
hourly wages differential between the two age groups. Another aspect of interest is the
counterfactual income estimated by the reweighted model. For women aged between 25 and
34, its value is R$8.66, indicating a significant reduction in relation to the R$11.32 previously

51t should be noted that estimating a RIF regression without reweighting to the mean is equivalent to estimating a
simple linear regression model, since in this case the RIF of any observation y; will be the observation itself.
Similarly, estimating a RIF decomposition without reweighting to the mean provides similar results to those
produced by the Oaxaca-Blinder decomposition. In order to make it feasible to estimate the reweighted models
and compare them with the models without reweighting, it was decided to also use RIF regression for the
decompositions of average hourly wages.
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found for women without children in this age group. For childless women aged between 35 and
44, the counterfactual income/hour is R$8.78, which is lower than that already estimated for
childless women in this age group (R$12.43) and also lower than the mothers' own hourly wage
of R$9.40. This result may once again be related to the specificities of the group of older
childless women caused by the selectivity effect.

Table 4 shows the average hourly earnings into two parts: the portion explained by the attributes
of the women under analysis (composition effect) and the portion not explained by these
attributes (wage structure effect). The unweighted model showed that both the composition
effect and the wage structure effect were statistically significant for both age groups; however,
the contribution of the former was higher, at 77.9% for women aged between 25 and 34 and
78.5% for those aged between 35 and 44. In other words, this means that mothers have attributes
that put them in a worse position in the labor market compared to non-mothers, causing them
to receive lower wages. This result is in line with one of the hypotheses put forward by Budig
and England (2001) to explain the motherhood wage penalty, which concerns the differences
in productive characteristics between women with and without children.

The application of reweighting led to changes in the contribution of each group to the income
gap. There was a greater share of the composition effect in both age groups - 85.5% for women
aged between 25 and 34 and 124.9% for those aged between 35 and 44 - even with the
equalization of characteristics in the reweighted model. The wage structure effect, in turn, was
no longer statistically significant for the two age groups. The results therefore suggest that the
difference in average hourly wage between women with and without children is only due to the
composition effect, i.e. the differences in attributes between the women under analysis.

Table 4. Average hourly earnings of mothers and non-mothers aged between 25 and 34 and
between 35 and 44, with and without reweighting, by effect type - Brazil, 2015

Type of model Share of differential 25 10 34 years 3 to 44 years
Coefficient % Coefficient %
Composition effect -0.238*** 77.9 -0.219%** 78.5
(0.0142) (0.0184)
. L -0.0676%** 22.1 -0.0600%** 21.5
Without reweighting  Salary structure effect (0.0159) (0.0200)
Total difference -0.306%** 100 -0.279%** 100
(0.0142) (0.0203)
. -0.267%** 87.5 -0.348%** 124.9
Composition effect (0.0398) (0.0456)
With reweighting Wage structure effect 00382 12:5 0.0694 249
(0.0407) (0.0491)
Total difference -0.306%** 100 -0.279%** 100
(0.0142) (0.0203)

Source: PNAD 2015 microdata (IBGE).
Note: Statistical significance levels:**x p < 0.01,*+ p < 0.05,% p < 0.1. Bootstrap standard errors were used
throughout the procedure (1000 replications) to calculate the p-value.
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A detailed analysis of the composition effect (Table 5) shows that, regardless of the reweighting
procedure, the main contributions to the difference in average income/hour between women
with and without children aged between 25 and 34 come from the variables of schooling,
weekly hours spent on household chores and position in the occupation. In other words, if
mothers had the same level of education, dedicated the same number of hours to household
chores and held similar positions to non-mothers, their hourly wage would be higher. For
women aged between 35 and 44, education and position in the occupation remained the main
contributors, along with the region variable, which was less important in the younger group.
Hours spent on household chores, on the other hand, were no longer statistically significant for
the older age group.

The differences between mothers and non-mothers for the attributes mentioned above -
schooling, hours devoted to chores and position in the occupation - had already been shown in
section 4.1 of this paper. In terms of level of education, there was a high percentage of mothers
(especially younger mothers) who only had primary education, while non-mothers were more
likely to have secondary and higher education. Thus, it can be inferred that the motherhood
implies an interruption, often permanent, in investment in qualifications.

With regard to hours spent on household chores, the impact on mothers in the younger age
group probably reflects the age of their children, since the proportion of young children among
them is higher than among older women. Given that caring for young children takes many
hours, especially when they have not yet reached school age, it is to be expected that the younger
age group will be more penalized. Finally, the contribution of position in the occupation is
justified by the high proportion of mothers working as self-employed and domestic workers
without a formal contract, occupations characterized by low wages and greater flexibility.
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Table 5. Composition effect for the average hourly earnings of mothers and non-mothers aged between 25 and 34 and between 35 and 44, with
and without reweighting - Brazil, 2015

Without reweighting With reweighting
25 to 34 years 35 to 44 years old 25 to 34 years old 35 to 44 years
Coefficient % Coefficient % Coefficient % Coefficient %
0.0390*** -16% 0.00154 -1% 0.0468*** -17% 0.00128 0%
Age
(0.00475) (0.00345) (0.00679) (0.00405)
Schooling -0.192%** 81% -0.182%** 83% -0.216%** 81% -0.235%** 68%
(0.00903) (0.0132) (0.0131) (0.0202)
Spouse 0.0175%** 1% 0.0123%* -6% 0.0175%** 1% 0.0188* -5%
(0.00421) (0.00714) (0.00538) (0.0107)
Race / Color -0.0133%** 6% -0.00592%* 3% -0.0182%** 7% -0.00498 1%
(0.00232) (0.00250) (0.00489) (0.00486)
-0.0495%** 21% -0.0172%* 8% -0.121%** 45% -0.0514 15%
Hours household chores ) 1079) (0.00942) (0.0350) (0.0314)
Brazilian Region -0.0116%** 5% -0.00815%* 4% 0.00116 -0.4% -0.0375%** 11%
(0.00280) (0.00393) (0.00843) (0.0128)
Position in occunation -0.0281*** 12% -0.0191*** 9% -0.0364%** 14% -0.0378%** 11%
P (0.00551) (0.00602) (0.00956) (0.0124)
Specificati 0.0583%** -22% -0.00124 0%
pecification error - - - -
(0.0279) (0.0190)
C ion effect -0,238*** 100% -0,219%** 100% -0.267*** 100% -0.348*** 100%
omposition effec
P (0.0142) (0.0184) (0.0398) (0.0486)

Source: PNAD 2015 microdata (IBGE).
Note: Statistical significance levels:*** p < 0.01,%x p <0.05,* p <0.1. Bootstrap standard errors were used throughout the procedure (1000 replicates) to calculate the p-value.
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Still on the detailed composition effect (Table 5), age and the presence of a spouse in the
household are the main factors mitigating the wage differential between women with and
without children aged between 25 and 34. Thus, if mothers in the younger age group were
similar to non-mothers in terms of age and marital status, their wages would be lower. With
regard to the last variable, the result reflects the positive effect of the presence of a spouse for
mothers already discussed in the descriptive analysis, in which the greater vulnerability of the
family arrangement made up of women without a spouse and with children was also found. For
women aged between 35 and 44, both variables were not statistically significant.

In the specific context of the reweighted model, the attenuating impact of the specification error
on the wage gap between mothers and non-mothers aged between 25 and 34 is noteworthy. As
presented in section 3.2, the specification error is a measure of the accuracy of the estimated
model. When its coefficient is statistically significant, it means that other factors not included
in the model have an influence on the wages gap. Thus, it can be said that other variables not
specified in the model estimated for women aged between 25 and 34 would act to reduce the
wage gap between mothers and non-mothers.

With regard to the effect of the wage structure (Table 6), it can be seen for the model without
reweighting that education and hours spent on chores were the only statistically significant
variables for women aged between 25 and 34. In other words, if mothers and non-mothers had
the same returns in terms of schooling and hours spent on chores, the income gap between the
two would be smaller. For women aged between 35 and 44, no statistically significant variables
were observed. Among the coefficients of the wage structure effect for the reweighted models,
the only ones that were statistically significant were those relating to the race/color variable and
the reweighting error, both for the 35-44 age group. With regard to race/color, the results show
that the wage gap between mothers and non-mothers would be smaller if they received similar
returns for this attribute. The reweighting error, in turn, is a measure of the quality of the probit
model used in the reweighting procedure. Firpo, Fortin and Lemieux (2018) point out that, in
large samples, the reweighting error tends to be statistically equal to zero; thus, its relevance
for the 35-44 age group may be related to the small sample size, especially with regard to non-
mothers.
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Table 6. Effect of salary structure on the average hourly earnings of mothers and non-mothers aged between 25 and 34 and between 35 and 44,

with and without reweighting - Brazil, 2015

Without reweighting With reweighting
25 to 34 years 35 to 44 years old 25 to 34 years old 35 to 44 years
Coefficient % Coefficient % Coefficient % Coefficient %
A 0.348 -520% 0.886 -1475% -0.0541 145% 0.954 1375%
ge
(0.698) (0.683) (1.2006) (0.979)
Schooli 0.310%* -463% 0.0510 -85% 0.113 -302% 0.172 248%
chooling
(0.129) (0.218) (0.171) (0.271)
S -0.0144 22% -0.0148 25% -0.0299 80% 0.0163 23%
pouse
(0.0130) (0.0190) (0.0245) (0.0251)
Race / Col 0.0293* -44% -0.0157 26% 0.0336 -90% -0.0803*** -116%
ace / Color
(0.0154) (0.0218) (0.0323) (0.0264)
n household ch 0.0933*** -139% 0.00702 -12% -0.0170 45% 0.00391 6%
ours household chores
(0.0273) (0.0375) (0.0548) (0.0362)
Brazilian Reei 0.0294 -44% 0.0215 -36% -0.0223 60% 0.0446 64%
razilian Region
(0.0181) (0.0240) (0.0384) (0.0329)
0 tional positi -0.000485 1% 0.0109 -18% 0.0169 -45% 0.00201 3%
ccupational position
(0.0134) (0.0221) (0.0273) (0.0265)
Constant -0.862 1289% -1.006 1674% -0.117 313% -1.182 -1703%
onstan (0.699) (0.695) (1217) (0.977)
o 0.0394 -105% 0.139%** 200%
Re-weighting error - - - - 0.0327) (0.0428)
Sal ruct ffect -0.0676%** 100% -0.0600%** 100% -0.0382 100% 0.0694 100%
ala r
1y strueture €Hee (0.0159) (0.0209) (0.0407) (0.0491)

Source: PNAD 2015 microdata (IBGE).
Note: Statistical significance levels:*** p < 0.01,** p <0.05,* p <0.1. Bootstrap standard errors were used throughout the procedure (1000 replicates) to calculate the p-value.
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The results of the estimated decompositions for quantiles 0.05 to 0.95 are presented below. The
coefficients of these models are shown in Figure 4 to Figure 7% . Analyzing the difference in
hourly wage between women with and without children, it can be seen that the motherhood
penalty is increasing throughout the wage distribution, since the coefficients are statistically
significant in all quantiles and denote a negative effect which becomes greater as one moves
towards the top of the distribution (Figure 4).

As pointed out in previous sections of this paper, the greater penalty at the top of the distribution
is supported by literature (ANDERSON ET AL, 2002; ENGLAND, 2016, SOUZA, 2016). The
lower accumulation of human capital among women belonging to the lower social strata makes
them less susceptible to wage erosions resulting from motherhood compared to those located
in higher social strata, who would face a higher opportunity cost. In addition, the effect of wage
rigidity in the lower quantiles caused by the minimum wage must be taken into account,
reducing the income gap in the lower quantiles of the distribution.

The finding of a greater motherhood penalty at higher quantiles of the distribution applies to
both women aged between 25 and 34 and those aged between 35 and 44. However, for most
quantiles, the wage gap is higher in the younger age group. Specifically, this situation occurs
between the 0.05 and 0.20 quantiles, as well as between the 0.65 and 0.90 quantiles, although
the differences between the two age groups are generally small.

The composition effect was statistically significant throughout the wage distribution - with the
exception of the 0.02 quantile of the reweighted models - and contributed the largest share of
the wage gap in both age groups, although it was smaller in magnitude for the older age group
in most quantiles. Considering the models without reweighting, it can be seen that the negative
effect of the difference related to characteristics is linearly increasing up to the 0.75 quantile
for women aged between 25 and 34, with a consequent attenuation of the differential in higher
order quantiles. For women aged between 35 and 44, this attenuating effect at the top of the
distribution becomes more discrete. With the application of the reweighting procedure, the
negative impact of the portion related to characteristics became greater, and for the oldest age
group, it began to exhibit a decreasing behavior throughout the distribution.

The effect of the wage structure - the portion not explained by attributes - accounted for a
smaller share of the differential for both age groups. For women aged between 25 and 34, the
pattern shown by the wage structure effect over the quantiles changed little when comparing
the models with and without reweighting. However, it should be noted that for the reweighted
models, only the 0.15 and 0.20 quantiles were statistically significant, while in the models
without reweighting, the 0.05; 0.10; 0.20; 0.25 and 0.65 and above quantiles were statistically
significant. The opposite situation occurred among women in the 35-44 age group, for whom a
greater number of statistically significant quantiles were observed after applying the
reweighting procedure. Thus, controlling for the selectivity related to motherhood status meant
that the salary structure effect appeared more strongly for the older age group, for which there
was a greater incidence of selection bias.

® The tables with the complete estimates have not been added to this work, but can be made available on request
to the authors.
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Figure 4. Quantiles of hourly wages of mothers and non-mothers aged between 25 and 34 and
between 35 and 44 - Brazil, 2015

25-34, without reweighting 35-44, without reweighting
0.0 SN A ISP | IS Nt —— N
/ h - — / —‘,,’%’7‘% 7-,,,'——,.1 ‘
/ \%g/ / ESSes
0.4 / —n\\w’ . \/\
:‘;:: 25-34, with reweighting 35-44, with reweighting
o A
3 A

NN~
AL A

T T T T T T U T T T
0.1 02 03 04 05 06 07 08 09 0.1 02 03 04 05 06 07 08 09

Quantile

= Total difference ® Composition effect 4 Wage structure effect

Source: PNAD 2015 microdata (IBGE).

Figure 5 shows the composition and wage structure effects for the reweighted estimates. As
shown in section 3.2 of this paper, the application of the reweighting procedure involves a two-
stage decomposition, with each of the two main parts - the composition effect and the wage
structure effect - being broken down into a "pure" effect and an error term. Thus, the
composition effect is split between the portion of the differential related to attributes and the
specification error, which is a measure of the quality of the estimated decomposition model.
For the wage structure effect, the contribution of returns to attributes is separated from the
reweighting error, which measures the quality of the probit model used to equalize the
characteristics of the two groups of interest.

Analysis of the composition effect shows that it is mostly made up of the differential related to
attributes, which was statistically significant in all quantiles of the wage distribution for the two
age groups of interest. As can be seen inFigure 5 , the contribution of the attributes over the
course of the quantiles resembles the behavior of the composition effect itself. The specification
error, in turn, proved to be small in magnitude and did not show statistical significance for most
of the quantiles. In particular, the residual portion of the composition effect was statistically
significant between the 0.15 and 0.30 quantiles and in the 0.50 and 0.60 quantiles for women
aged between 25 and 34; for those in the 35 to 44 age group, only the 0.85 quantile coefficient
was statistically significant. The greater number of coefficients statistically different from zero
among younger women indicates that other variables not specified in the model are important
in explaining the income gap between mothers and non-mothers in this age group, which had
already been verified when analyzing the decomposition of average hourly wages.

As far as the aggregate wage structure effect is concerned, it can be seen that the largest part of
this is the differentials in the returns to attributes, which was statistically significant in all
quantiles for both age groups. The reweighting error, on the other hand, was not statistically
significant for women aged between 25 and 34; however, for those aged between 35 and 44, it
was statistically significant at the 0.15 quantile and between the 0.30 and 0.95 quantiles. As
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explained above, the reweighting error is expected to tend towards zero in large samples. The
fact that this error is different from zero in many quantiles for the older age group may be
associated with the small sample size, especially for women without children.

Figure 5. Components of the composition and wage structure effect of the decomposition with
reweighting of the hourly wages quantiles of mothers and non-mothers aged between 25 and
34 and between 35 and 44 - Brazil, 2015
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Source: PNAD 2015 microdata (IBGE).

Analyzing the composition effect detailed by the covariates along the wage distribution (Figure
6), it can be seen that schooling, hours dedicated to chores and position in the occupation
represented the greatest contributions to the wage gap between mothers and non-mothers, in a
similar way to what happens with the models estimated for average hourly wages. The
differences in schooling were statistically significant in all quantiles of the distribution in both
age groups. With regard to hours dedicated to chores, there was statistical significance in all
quantiles of the wage distribution for women aged between 25 and 34, while for those aged
between 35 and 44, the variable was statistically significant only between quantiles 0.7 and 0.9.
The position in occupation variable was statistically different from zero up to the 0.35 quantile
for both age groups. These results apply to the models with and without reweighting.
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Figure 6. Composition effect detailed by the variables of the decomposition of the quantiles of
the hourly wages of mothers and non-mothers aged between 25 and 34 and between 35 and 44
- Brazil, 2015
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Source: PNAD 2015 microdata (IBGE).

The coefficients of the education variable along the quantiles show a similar pattern for both
age groups, with an increasing impact up to approximately the 0.7 quantile, attenuating at the
top of the distribution. This behavior can be explained by the smaller relevance of qualification
in occupations typical of the lower income quantiles, a scenario that gradually changes as the
individuals move up the wage distribution. In the higher quantiles, many mothers are able to
access higher levels of education, contributing to the attenuation of educational differentials. In
terms of the level of the coefficients, the negative effect of education differentials is slightly
higher for mothers aged between 25 and 34, for the model without reweighting. In the case of
the reweighted models, the differences between the two age groups become less noticeable,
since the negative effect of the education differentials became greater for women aged between
35 and 44.

With regard to the chores variable, section 4.1 showed a negative relationship between the
number of hours spent by women without children and their level of income; however, similar
behavior was not observed for mothers, since even in the higher quantiles of the distribution,
they spent a high number of hours a week on household chores. Although wealthier mothers
have the economic means to outsource domestic and care tasks, it should be borne in mind that
many of these tasks may not be easily attributed to third parties, especially those involving a
direct dependent, such as children (FOLBRE AND NELSON, 2000). This may be one reason
why the hours devoted by mothers to chores are high even in the higher quantiles, causing a
greater differential in this part of the wage distribution. With regard to the age perspective, we
assume the same hypothesis as for the decomposition of average hourly wages, that the presence
of young children makes the penalty related to hours spent on chores more relevant for younger
women.
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The behavior observed for the occupational position variable can be explained by the difference
in the occupational composition of the group of mothers and non-mothers in the lower quantiles,
since for mothers there was a high proportion of self-employed women and domestic workers
without a formal contract, differing from the occupational composition found for non-mothers
in the same quantiles. In the upper part of the distribution, the differences between women with
and without children in terms of occupational position categories are smaller, thus explaining
why the variable was not statistically significant for quantiles above 0.35.

Finally, for the models without reweighting, the variables of age and the presence of a spouse
in the household attenuated the wage differential between mothers and non-mothers. Among
women in the 25-34 age group, this effect is greater as they move up the wage distribution, in
both variables. In the older age group, age was no longer statistically significant, while the
presence of a spouse in the household remained relevant in most quantiles. When the
reweighting procedure was applied, both variables lost statistical relevance for women aged
between 25 and 34. For those in the oldest age group, the age variable remained statistically
insignificant, while the presence of a spouse in the household proved to be different from zero
between quantiles 0.45 and 0.55 and between 0.65 and 0.85.

Figure 7 shows the wage structure effect detailed by the model's covariates. Regardless of the
reweighting procedure, this effect was not statistically significant for most quantiles, in all
variables and in both age groups. It is therefore not possible to make inferences from its
coefficients.

Figure 7. Wage structure effect detailed by the variables in the decomposition of the quantiles
of the hourly earnings of mothers and non-mothers aged between 25 and 34 and between 35
and 44 - Brazil, 2015
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Note: Coefficients of the age variable shown separately due to the difference in scale in relation to the other
variables.
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5. Conclusion

The results of the decomposition models showed the great importance of the attributes of
mothers and non-mothers in explaining the wage differential between these two groups,
regardless of age group. The greater importance of the composition effect was observed both
for average hourly wages and for the quantiles of the wage distribution. With regard to the
quantile decompositions, it was found that the motherhood penalty is greater at the top of the
distribution, which is in line with previous studies on the subject. The situation of vulnerability
faced by women with and without children at the bottom of the distribution makes the two
groups more homogeneous in terms of their attributes, reducing the impact of motherhood on
earnings.

From an age perspective, there was a slight reduction in the wage differential between mothers
and non-mothers in the older age group compared to the younger group. However, it cannot be
said that this result is due to an improvement in the characteristics of mothers, since the
composition effect was greater in the 35-44 age group. This occurred in the models estimated
for average hourly wages with and without the reweighting procedure, as well as for the models
reweighted for the quantiles of the wage distribution.

The attributes that made the greatest contribution to widening the wage gap between mothers
and non-mothers were schooling, hours devoted to household chores and position in the
occupation, in both age groups analyzed. The quantile decompositions showed that the
differentials in schooling increased up to approximately the 0.7 quantile, and then narrowed
from that point onwards. On the other hand, the differentials in hours dedicated to chores
became increasingly larger as the wage distribution progressed. This result is particularly
interesting, as wealthier women can afford to outsource chores, but still suffer a greater penalty
in this variable. On the other hand, the differences in occupation were only significant up to the
0.35 quantile, due to the high proportion of mothers working as self-employed workers and in
domestic service without a formal contract.

On the other hand, the variables of age and the presence of a spouse in the household attenuated
the income differential between women with and without children. With regard to the age
variable, this effect was only relevant among younger women. The importance of the spouse
reveals the vulnerability faced by women in a single-parent arrangement with children, since
they generally have an inelastic labor supply, making them more willing to accept lower wages.
Thus, the results show that these women would have higher wages if they had a spouse in the
household.

The estimation of the detailed decomposition models by covariates showed the need to promote
mothers' access to qualifications, given the large impact of the schooling variable on the income
differential between mothers and non-mothers. To this end, it is necessary for mothers to receive
support in carrying out care tasks, which still fall mostly to women. Consideration should be
given to the role of public policies, such as the increased provision of child care services, which
are of great importance to mothers who cannot afford to outsource care tasks. The expansion of
policies related to domestic workers could also act collaterally in reducing the penalty among
low-income women, given the high percentage of mothers with this occupational profile.

It should also be borne in mind that the results of this study showed that the penalty for hours
spent on household chores is greater for women at the top of the wage distribution, who are
precisely those for whom outsourcing household chores is economically viable. This scenario
shows that not all tasks are fully "outsourceable", especially those related to caring for children
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and other household members. Although public sector action in this regard is more limited,
there are some policies that can mitigate inequality in the distribution of tasks within the home,
and therefore reduce the burden of care tasks on mothers. One of them, for example, concerns
maternity leave, which in many countries has already been replaced by a shared leave, allowing
the couple to jointly decide who will take time off work and for how long. Above all, awareness
needs to be raised about the importance of a more equal division of tasks in the private sphere.
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APPENDIX A - INFLUENCE FUNCTION (IF) AND REFOCUSED INFLUENCE
FUNCTION (RIF)

The following is the concept of Influence Function (IF), as presented by Rios-Avila (2020)7 .
The IF can be understood as a measure of robustness, by representing the influence of an
individual observation on the distributional statistic of interest. Considering a regressed
variableY - in the context of this work, income/hour - and its Cumulative Distribution
Function,Fy () , the information needed to analyze the distribution can be summarized at Fy =
[{y, Fy(¥) }|y € R] , where y is a given observation from Y. Any distributional statistic, such
asQ. , can be obtained from the vectorsY and Fy.

In order to measure the impact of a change in the distributionFy to a counterfactual distribution
Gy on the distributional statistic of interest, one must additionally consider a functionalv(-) ,
which estimates this statistic from the information contained in Y and Fy . Thus, we have

Av = v(Gy) — v(Fy) (A1)

where Av represents the change in the statistic of interest. This, in turn, can be rewritten as a
standardized rate for the change fromFy toGy , as shown in (A.2).

Av . v(Gy) — v(Fy)
A(Gy —Fy) ~ A(Gy — Fy)

ASy = (A.2)

The measurement of the standardized rateA®v can be extrapolated to infinitesimal changes from
Fy to Gy , which summarizes the very concept of IF. Considering, for example, the addition of
an observation to the sample whose income/hour value is y; , its Cumulative Distribution
Function Hy (y) will have only one element. This means that H, (y) =0Vy <y; and

7 Rios-Avila (2020) presents a package developed for the STATA statistical software that allows easy
implementation of RIF regressions and decompositions. The author gives a detailed and intuitive exposition of the
concept of IF, as well as the models of Firpo, Fortin and Lemieux (2009,2018). For this reason, it was decided to
replicate the demonstrations developed in his work.
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Hy. (y) = 1Vy > y; ; in other words, the distribution Hy, places mass only at y;. With this, the
distribution Gy can be rewritten in terms of Hy, according to equation (A.3).

GY = (1 - S)FY + SHYi (A 3)

The term € plays a similar role to [A(Gy — Fy)] , measuring the change from Fy to Gy . From
(14) it is finally possible to obtain the FI, according to (A.4):

v{(1 - &)Fy + eHy,} —v(Fy) _ av(Fy - Hy,)
€ B ot

IF{y;, v(Fy)} = lim (A.4)

Once the FI has been defined, Firpo, Fortin and Lemieux (2009) introduce the concept of the
Recentred Influence Function (RIF), which consists of adding the FI to the distributional
statistic of interest:

RIF{y;, v(Fy)} = v(Fy) + IF{y; v(Fy)} (A.5)

In the context of quantiles, the IF and RIF are defined, respectively, by equations A.6 and A.7,
(t-1{Y=Q.})
fy(Qo)

RIF{YI'V(FY)} = Q‘[ + (T — H{YI = QT}) = Cl,‘[ ' H{YI > Q‘r} + C2,‘|: (A 7)
fy(Q.)

IF{Y,Q.} = (A.6)

where 1{-} is a function indicating the relationship between the observationy; and the quantile;
Q-fy () is the marginal density of Y ; and c; ; and c,; are constants, so that ¢; = 1/f,(Q,)

and ¢z = Q —¢1- (1 —1).
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