I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 11640

The Distribution of the Gender Wage Gap

Sonia R. Bhalotra
Manuel Fernandez

JUNE 2018



I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 11640

The Distribution of the Gender Wage Gap

Sonia R. Bhalotra
University of Essex and IZA

Manuel Fernandez
University of Essex

JUNE 2018

Any opinions expressed in this paper are those of the author(s) and not those of IZA. Research published in this series may
include views on policy, but IZA takes no institutional policy positions. The IZA research network is committed to the 1ZA
Guiding Principles of Research Integrity.

The IZA Institute of Labor Economics is an independent economic research institute that conducts research in labor economics
and offers evidence-based policy advice on labor market issues. Supported by the Deutsche Post Foundation, IZA runs the
world's largest network of economists, whose research aims to provide answers to the global labor market challenges of our
time. Our key objective is to build bridges between academic research, policymakers and society.

IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion. Citation of such a paper
should account for its provisional character. A revised version may be available directly from the author.

IZA - Institute of Labor Economics

Schaumburg-Lippe-Strae 5-9 Phone: +49-228-3894-0
53113 Bonn, Germany Email: publications@iza.org WWw.iza.org




IZA DP No. 11640 JUNE 2018

ABSTRACT
The Distribution of the Gender Wage Gap®

We analyse impacts of the rising labor force participation of women on the gender wage
gap. We formulate and structurally estimate an equilibrium model of the labor market
in which the elasticity of substitution between male and female labor is allowed to vary
depending on the task content of occupations. We find that the elasticity of substitution is
higher in high- paying occupations that are intensive in abstract and analytical tasks than
in low-paying manual and routine occupations. Consistent with this we find a narrowing
of the gender wage gap towards the upper end of the wage distribution and an increase
in the gender wage gap at the low end. Demand side trends favoured women and this
attenuated the supply-driven downward pressure on women’s wages in low-paying
occupations, and fully counteracted it in high-paying occupations. The paper contributes
new evidence on the distribution of the gender wage gaps, and contributes to a wider
literature on technological change, occupational sorting, wage inequality and polarization.
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NON-TECHNICAL SUMMARY

Many modernizing economies are witnessing rapid growth in women'’s labour force

participation, in the way that today’s richer countries did. While this is often associated
with women’s empowerment, simple economic theory suggests that increases in the
labour supply of women will tend to depress the wages of women, potentially widening
the gender wage gap. The extent to which this happens will depend upon the degree to
which men and women are substitutes in the workplace. One of our key observations is
that this varies across the wage distribution, in line with the task content of jobs. Recent
research has analysed the degree to which machines or technology substitute individuals,
documenting a polarization of the labour market with jobs in the middle ‘disappearing’.
We focus instead on substitutability between men and women.

We use individual data on employment and earnings in Mexico that span more than a
quarter of a century, 1989-2014, capturing one of the most rapid contemporary increases
in women'’s labour supply. We find that the polarization of tasks is reflected in opposing
effects on the gender wage gap. In particular, in high-paying occupations that are intensive
in abstract and analytical skills, there is a high degree of substitutability between women
and men. As a result, a large increase in (skilled) women joining the labour force may
depress wages in general, but without increasing the gender wage gap. On the other
hand, in low-paying occupations in which individuals do manual or routine tasks, we find
that women and men are poor substitutes. Thus, increases in (low skilled) women joining
the labour force will tend to widen the gender wage gap. While we have highlighted in
this discussion the consequences of increases in women'’s labour supply, the gender wage
gap will also depend on whether the demand for male vs female labour is growing. In
fact demand trends have favoured women, attenuating the supply-driven downward
pressure on women's wages in low-paid occupations, and fully counteracting it in high-paid
occupations.

Pulling the supply and demand trends together and accounting for the education of
workers and the skill-content of occupations, we find that the gender wage gap in Mexico
narrowed by between 5 and 18 percent among workers above the 80th percentile and, at
the same time, among workers below the median it widened by 10 to 22 percent.



1 Introduction

The secular increases in the labour force participation of women are one of the
most salient features of labour markets in most countries over the last century
(Killingsworth and Heckman, 1987; Goldin, 2006; Fogli and Veldkamp, 2011; Goldin
and Olivetti, 2013). But although the massive entry of women into the workforce
has fundamentally changed the gender composition of labour supply, there is little
understanding of what its impact has been on the wage structure. The relative
scarcity of empirical studies on this topic reflects the complexity of the phenomena,
since a variety of supply and demand factors will influence the decision of women
to participate in the labour market, and natural experiments that could provide
exogenous variation in female labour supply have been elusive. Moreover, the few
studies that have tackled this question provide mixed — and at times contradictory—
conclusions, mostly because there is no agreement in the literature of whether male

and female labour are close substitutes or not, a key factor underlying the debate.

This paper studies the effect of the rapid rise of female labour force partici-
pation on the wage structure in Mexico. Using an equilibrium model of the labour
market, we structurally estimate the elasticities of substitution between male and
female labour that are consistent with observed patterns of the gender earnings gap
since 1989. Our model differs from other work on the subject in two significant
ways: First, the model incorporates the ideas of the task-based approach (Autor
et al., 2003), allowing the elasticity of substitution between male and female labour
to vary as a function of the task content of occupations. This feature implies that
the effect of female labour supply on relative earnings can vary throughout the pay
distribution, a possibility that is suggested by the descriptive evidence. Second,
following the work of Johnson and Keane (2013), labour supply is endogenously
determined in the model, a feature that addresses one of the major criticisms of the

canonical framework in the past.

The focus on Mexico is motivated by the extent to which Mexican women
have joined the workforce over the last quarter century, which was the largest in the
Latin American region (Nopo, 2012), and one of the largest in the world (The World
Bank, 2012): between 1989 and 2014, labour force participation among prime-age
women in Mexico increased from 36 to 58 percent, going from 4.7 to 14.7 million
female workers in a spam of 25 years — it took women in the U.S. 37 years, from
1956 to 1993, to cover the same ground. Moreover, had the female participation

rate remained at the levels of 1989, there would be approximately 5.6 million fewer



prime-age females in the labour force.

At the same time that women started moving into the workforce, growth in
labour earnings in Mexico diverged significantly between men and women at the
tails of the earnings distribution, but remained constant at the mean. Growth in
labour earnings among workers in low-paying occupations (e.g. agriculture, ser-
vices, transportation, and repetitive production occupations) was higher for males
relative to females, while the opposite was true within high-paying occupations (e.g.

professional, education, technical and managerial occupations).

The main proposition of this paper is that these two phenomena are causally
connected, so that the rapid increase of female labour supply has fundamentally
changed the wage structure in the Mexican economy. In particular, we argue that
the influx of women into the labour market has generated downward pressure on the
wages of female workers in low-paying occupations, but on both male and female
workers in high-paying occupations. The hypothesis we put forward is that this
heterogeneity arises because the elasticity of substitution between male and female
labour is not uniform throughout the occupational distribution: male and female
labour are closer substitutes in occupations that rely heavily on abstract analytical
skills than in those occupations in which physical or other non-cognitive skills are

more prominent in the jobs.

To test this hypothesis we propose an extension to the canonical supply and
demand framework popularized by Katz and Murphy (1992), Murphy and Welch
(1992), and Juhn et al. (1993), which incorporates the ideas of the task-based ap-
proach of Autor et al. (2003). In the original formulation of the supply and demand
framework, the degree to which changes in the composition of labour supply are
associated with changes in the wage structure depends on the magnitude of the
elasticity of substitution between the groups being compared, but these elastici-
ties are usually taken to be constant across occupations. Starting from the work
of Autor et al. (2003), a large strand of the literature! has emphasized that the
complementary or substitutability between factors of production is determined by
the type of tasks in which they are employed. In all occupations, cognitive, man-
ual, physical, socio-emotional, and interpersonal skills are applied to specific tasks
in different intensities, so the relative importance of any subset of skills is mostly

determined by the nature of the activities being done. A logical implication of this

!See, among others, Autor et al. (2003); Goos and Manning (2007); Autor et al. (2008); Gath-
mann and Schoenberg (2010); Acemoglu and Autor (2011); Firpo et al. (2011); Autor and Dorn
(2013); Altonji et al. (2014); Goos et al. (2014); Michaels et al. (2015).



theory is that as long as there is some difference in the bundle of skills that men and
women are supplying to the labour market, compositional changes by gender will
have heterogeneous impacts on relative earnings that depend on the task content of

occupations.

This paper contributes to the relatively scarce empirical literature studying
the relation between female labour supply and changes in the wage structure. Ar-
guably, the most influential paper on this topic is that of Acemoglu et al. (2004),
who exploited state level variation in U.S. military mobilizations for World War II
to investigate the effects of a rise of female labour force participation on the wage
structure during the 1940s and 1950s. The authors found that rising female labour
supply reduced both male and female wages. They report estimates of the short-run
elasticity of substitution between male and female labour of around 3. The authors
qualify this finding arguing that this elasticity potentially varies across skill groups,
but they do not properly test that hypothesis.

In earlier studies, both Topel (1994) and Juhn and Kim (1999) examined the
relation between the rise in female labour supply and rising inequality in the U.S.
during the 1970s and 1980s, reaching opposite conclusions: while Topel finds that the
rise in the supply of female labour negatively affected the wages of low-skilled male
workers, Juhn and Kim challenged this view arguing that, once changes in relative
demand are accounted for, there is little evidence that women are close substitutes
for men or that the entry of educated women into the labour force contributed to
male wage inequality growth in the 1980s. More recently, Johnson and Keane (2013)
estimated a dynamic equilibrium model of the labour market fitted to replicate the
patterns of the U.S. wage structure from 1968 to 1996. They report a relatively high

elasticity of substitution between male and female labour of between 4.76 and 5.6.

The lack of agreement about the range of values that the elasticity of substi-
tution between male and female labour can take is surprising, especially since this
is a structural parameter that can be of first-order importance in contexts in which
women are transitioning rapidly into the workforce. We argue that the applica-
tion of the task-based approach provides the right framework to bridge together the
mixed evidence on this subject. In the particular case of Mexico, we estimate these
elasticities to be between 1.2 in manual and routine task-intensive occupations, and
2.7 in abstract task-intensive occupations. These numbers imply that the change in
the gender composition of the workforce has had a significant effect on the gender

earnings gap in Mexico, especially at the lower end of the pay distribution.



The paper also contributes to the literature studying changes in the wage
structure in Latin American countries. Most countries in Latin America experienced
a sharp fall in earnings inequality since the late 1990s (Ferreira et al., 2008; Kahhat,
2010; Lopez-Calva and Lustig, 2010; Gasparini and Lustig, 2011; Gasparini et al.,
2011; Levy and Schady, 2013; Lustig et al., 2013; Fernandez and Messina, 2017).
We show that Mexico also experienced a significant contraction of the male earnings
distribution over the last 25 years, driven by higher wage growth among low-skilled
workers, but that this was not the case for women: female wage growth was u-
shaped, a phenomena that is partly attributable to the impact of rising female
labour supply. Moreover, our results indicate that the sluggish wage growth among
high-skilled workers in Latin American countries could be partly explained by the the
incorporation of college educated women into the workforce. This specific channel
has been mostly overlooked by economists working on earnings inequality in this

region.

The rest of the paper is organized as follows: Section 2 discusses the data,
sample selection, and treatment of the main variables used in the paper. Section 3
presents the main stylized facts, reviewing the evolution of male and female labour
force participation in Mexico, and documenting the changes in the wage and oc-
cupational structure over the last quarter century. In Section 4 we formulate an
equilibrium model of the labour market, and describe the empirical strategy that
will be used to estimate its main parameters. Results are presented in Section 5,
while robustness exercises using alternative specification of the model and different

measures of labour supply are shown in Section 6. Finally, Section 7 concludes.

2 Data, Choice of Variables, and Sample Selec-

tion

We use the Mexican Household Income and Expenditure Survey (ENIGH), which is
a nationally representative household survey carried out by the Mexican National
Institute of Statistics and Geography (INEGI).? The first three waves of ENIGH
were collected intermittently (1984, 1989, and 1992), but from 1992 onwards the

2The main labour force survey in Mexico is the Encuesta Nacional de Ocupacién y Empleo
(ENOE), which replaced the Encuesta Nacional de Empleo (ENE) and the Encuesta Nacional
de Empleo Urbano (ENEU) in 2005. The transition from the ENE/ENEU to the ENOE led to
methodological changes that difficult comparability over time. To guarantee a time consistent
series of employment and earnings we use the ENIGH survey.



survey was collected biannually, with an exceptional gathering in 2005. we use the
13 waves of ENIGH between the years 1989 and 2014. As a check for consistency,
we replicate part of the results using data from the 1960, 1970, 1990, 2000 and 2010
Mexican CENSUS.?

Our measure of individual incomes includes only remuneration from labour.
In particular, we use the monthly monetary remuneration from labour in all occupa-
tions,* which include wages, salaries, piecework, and any overtime pay, commissions,
or tips usually received, but excludes income received from government transfers or
profits from self-employment work.> Monthly earnings are converted into hourly
rates dividing by the worker’s total hours of work per week in all jobs multiplied by

the usual number of weeks in a month.

Each year, between 77 and 83 percent of workers reported having worked
full time (35 hours or more in the previous week), but there are clear differences
between males and females: on average, full-time female workers represent between
62 and 67 percent of all female workers, while the share of full-time male workers
ranges between 87 and 90 percent. In order to have groups that are more closely
comparable, the earnings series is calculated using incomes from full-time workers
only.® All earnings are transformed into real U.S. Dollars of 2012 using the Mexican
Consumer Price Index and the purchasing power parity adjusted exchange rate
estimated by the IMF. There were exceptionally low and high values of hourly
earnings in the data, so we only use earnings from workers that reported having
hourly rates above $0.1 and below $150.7

The ENIGH survey uses the Mexican occupation classification system to
categorize workers according to the type of tasks they perform in the main job. The
system went trough two changes since 1989: first there was an update of the original
Clasificacién Mexicana de Ocupaciones (CMO) in 1992, and then a full change to

the newly introduced Sistema Nacional de Clasificacién de Ocupaciones (SINCO) in

3The CENSUS data corresponds to the extended questionnaire applied to a 10 percent sample
of the population in each year.

40nly after the year 2008 it becomes possible to separate the remuneration arising from the
main job from that of any secondary jobs. To keep a consistent series, we add up remuneration
from labour in all jobs in every year.

5The extended questionnaire of the CENSUS only asks about overall remuneration from labour,
which can include income from self-employment. Hence, the two series are not fully comparable.

6Results of the main estimates including the earnings of part-time workers, or alternative mea-
sures that account for differences in the intensive margin, are presented in the robustness section
of the paper.

"In no year did the percentage of the observations trimmed exceeded one percent. Moreover,
the results in the paper are qualitatively unchanged if we include the outliers in the sample.



2010. These changes make the series incompatible at high levels of disaggregation of
the occupational groups, but it is possible to homogenize the SINCO classification
to the principal group level of the CMO using the comparability tables produced by
INEGI.® The principal group division has 18 distinct occupational groups that can

be consistently followed throughout the period of analysis.

Following the task-based framework, occupations are classified in three groups
defined by whether the activities performed in the jobs are predominantly manual,
routine, or abstract/analytical. The division is based on the measures constructed by
Autor et al. (2003) from different sets of variables from the U.S. 1977 Dictionary of
Occupational Titles (DOT). Details of the construction of the groups are presented
in Appendix 8.2, while the final division is shown in Table 1.

Finally, the sample is limited to workers between the ages of 25 and 55 (hence-
forth prime-age workers). This is done to guarantee we are working with a group
that has a strong labour market attachment, and to ameliorate selection problems

arising from changes in educational and retirement choices of different cohorts.

3 Trends in Female labour Supply and Relative
Earnings by Gender

In 1989 prime-age population in Mexico was just above 25 million people, out of
which 64.2 percent were either working or actively searching for a job. Female
labour force participation was as low as 36 percent, and women accounted for only
29 percent of the workforce (4.7 million). By 2014 this picture had changed dras-
tically: prime-age population had grown to 48 million people, and women already
represented 41 percent of the workforce, with close to 14.7 million females active in
the labour market (Panels (a) and (b) of Figure 1). Moreover, overall participation
rates had reached 76 percent, with all of the increase during this 25 year period
accounted by the sharp rise of female labour force participation (58% in 2014) (see

Panels (¢) and (d) of Figure 1).

The extent to which Mexican women have joined the workforce over the last
quarter century is remarkable: had the female participation rate remained at the

levels of 1989, there would be 5.6 million fewer prime-age females in the labour

Shttp://www.inegi.org.mx/est/contenidos/proyectos/aspectosmetodologicos/
clasificadoresycatalogos/sinco.aspx
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force, which is close to 12 percent of its actual size in 2014. But the pace of this
transition was also exceptional: in 1956, female labour force participation in the
U.S. was similar to that of Mexico in the late 1980’s, but it took the U.S. until 1993,
37 years later, to reach 58 percent, a rate at which economy stabilized (U.S. Bureau
of Labor Statistics, 2017). Cross-country comparisons suggest that the rise of female
labour force participation in Mexico during the last 25 years was the largest in the
Latin American region (Nopo, 2012), and one of the largest in the world (The World
Bank, 2012).

Can such a rapid change in the gender composition of labour supply affect
the gender earnings gap, and, more generally, the wage structure in a country?
The main proposition of this paper is that it does, especially among female workers

labouring in low-paying occupations.

Panels (a) and (b) of Figure 2 show that, on average, Mexican women earn
between 16 and 22 percent less than their male counterparts, even after taking
into account differences in the levels of education, age, and occupational choice.”
Interestingly, the mean gender earnings gap in Mexico has remained more or less
constant over the past 25 years, a fact that has generated significant debate over the
reasons for such lack of convergence. But focusing only on mean relative earnings
conceals the substantial heterogeneity in the earning’s dynamics between men and
women across the distribution. Panels (c) and (d) of Figure 2 show the change
between C.1990 and C.2013 (1990 and 2010 in the CENSUS)! of log hourly earnings
at different percentiles of the earnings distribution, calculated separately for men and
women. Growth (decline) in earnings among workers at the bottom was significantly
higher (lower) for males than for females, while the exact opposite is true among
workers at the top. The implication of these divergent dynamics (Panels (e) and (f)
of Figure 2) is that the gender earnings gap increased between 10 and 22 percent
among workers below the median, but declined between 5 and 18 percent among
workers above the 80th percentile, with the average gap remaining relatively stable

across the years.

We postulate that these diverging dynamics of relative earnings across the

9The gender earnings gap corresponds to the estimated coefficient of a male dummy variable
in a regression in which log hourly earnings is the dependent variable, and we include controls for
education attainment (7 different categories), age (6 categories in five year intervals), occupation
indicators (18 groups), and all possible interactions. The regressions are estimated separately in
each year.

10T increase sample size in the ENIGH survey, we joined together surveys from 1989 and 1992,
and from 2012 and 2014.



distribution are associated to the sharp gender compositional shift that the Mexican
economy experienced during this period. In particular, that the influx of women into
the labour market generated downward pressures to female earnings among workers
in low-paying occupations, but to both male and female workers in high-paying
occupations. The reason for this heterogeneity is that the elasticity of substitution
between male and female labour is not homogeneous throughout the occupational
distribution, so similar changes in male/female relative supplies in high and low-

paying occupations can have very different affects on the wage structure.

The underlying theoretical base for this proposition is the canonical supply
and demand framework popularized by Katz and Murphy (1992), Murphy and Welch
(1992), and Juhn et al. (1993); and the more recent task-based approach proposed
by Autor et al. (2003). Within the supply and demand framework, the degree to
which changes in the composition of labour supply are associated with changes in
the wage structure fundamentally depends on the magnitude of the elasticity of
substitution between the groups being compared. A simple example can help clarify
the mechanism. Suppose that workers in an economy were similar in every respect
except for their gender, and that aggregate production could be characterized by a
Constant Elasticity of Substitution (CES) function of the form:

Vi = [alf, + (1 —an)L5,]"", (3.1)

where Y, is total output at time ¢; L, is the total supply of labour from male workers;
Ly, is the total supply of labour from female workers; «; is a time-varying “share”
parameter that captures differences in the intensity of labour demand between male
and female labour, which is allowed to change in time; and p € (—o0, 1] is a function
of the elasticity of substitution (o,) between male and female labour: o, = l%p. It
the economy is operating along the demand curve, wages are equated to marginal

productivities and the log (male/female) earnings ratio takes the form:
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where Wy, and Wy, are the wages of male and female workers respectively.




Equation (3.2) shows that the evolution of the log (male/female) earnings
ratio depends on two factors: (i) how the relative supply of labour between males
and females is evolving (%), scaled by the inverse of the elasticity of substitution
(0,); and (ii) how relative demands are moving, as captured by the variation in
time of the log ratio of the «; share. If male and female labour are imperfectly
substitutable in production, that is, if o, has a “low” value, and relative demands
trends are constant, large shifts in female labour supply would impose downward
pressure on female wages, and to a lesser extent to male wages, leading to an increase
of the gender earnings gap: as the supply of female labour becomes more abundant
its relative price falls. If, on the other hand, male and female workers are close to
perfect substitutes — “high” values of o, —, a rise in female labour force participation
should depress both male and female wages, with relative earnings remaining fairly

constant.

A direct implication of this simplified framework is that if there is some
variation in the substitutability between male and female labour across the earnings
distribution, relative changes in the gender composition of labour supply will not
have a symmetric impact on the wage structure. But should we expect this type
of heterogeneity in the labour market? Starting from the influential work of Autor
et al. (2003), a rapidly growing strand of the literature has emphasized that the
complementary or substitutability between factors of production is determined by
the type of tasks in which they are employed.!! Any job requires, to a higher or
lesser degree, cognitive, manual, physical, socio-emotional, and interpersonal skills.
The relative importance of any subset of skills is then a function of the specific
activities that workers are performing. Hence, as long as there is some difference in
the bundle of skills that men and women supply to the labour market, compositional
changes by gender will have an affect on relative earnings, and the extent to which

this mechanism matters will depend on the task content of occupations.

Panels (a)-(c) of Figure 3 present some suggestive evidence that the sharp
change in the gender composition of labour supply in Mexico was negatively corre-
lated with the change in the gender earnings gap — something we might expect from
the supply and demand framework —, but only in low-paying occupations. Each
panel, corresponding to a specific occupational group, depicts two series: one has

the evolution of log (male/female) earnings ratio, and the other has the evolution of

HThis argument holds true when we think about the role that information and communication
technologies have played in substituting workers in middle-income routine occupations, the phe-
nomena that has received most attention from academics, but it also holds when we think about
differences by gender or any other dimension.

10



log (male/female) relative supply. The three groups are chosen following the stan-
dard practice in the task-based framework, where occupations are divided based on

whether the activities in the jobs are more intensive in manual, routine, or abstract
tasks (see Table 1).'2

This division has the advantage that it clearly separates occupations into
groups defined by which skills and aptitudes are more relevant in the jobs, but
also because it breaks the earnings distribution in three subsequent segments. For
example, manual task-intensive occupations have more demands for physical than
abstract analytical aptitudes, and require skills like strength and hand, eye, and
foot coordination; these occupations are mostly found at the lower end of the pay
distribution, and include examples like agriculture, services, and transportation.
Abstract task-intensive occupations have more demands for analytical aptitudes
than for physical or manual labour, and require skills like quantitative reasoning,
direction, control, and planning of activities; these occupations are found at the top
of the pay distribution, with the most prominent examples being professionals and
managers. Finally, routine task-intensive occupations are in a middle ground, with
a mixture of physical and analytical demands, and were aptitudes like adaptability
to repetitive work and finger dexterity play a significant role; these occupations tend
to be located at the middle of the pay distribution, with examples being clerical and

crafts and trades jobs.

The first three Panels of Figure 3 show that between 1989 and 2014, log
(male/female) relative supply declined by 44 log points in both manual and routine
task-intensive occupations, and by 69 log points in abstract task-intensive occupa-
tions. During the same period, the log (male/female) earnings ratio only increased
in the lower-paying jobs: 11 log points in manual task-intensive occupations and 3
log points in routine task-intensive occupations. In the abstract task-intensive group

the gender earnings gap fell by 10 log points.

The negative comovement between relative quantities and relative prices sug-
gest that the rise of female labour force participation is potentially a factor behind
the rise of the gender earnings gap at the low end of the earnings distribution, but
the argument is less clear for high-paying abstract task-intensive jobs, even though
the relative shift in supply was of an even larger magnitude. Under the canonical
framework, the fact that relative quantities and relative prices are moving in the

same direction indicate that men and women are more closely substitutable in those

12Gection 2 discusses the details of the division of the principal level occupations along the three
groups.

11



jobs, or that relative demand trends must be favouring female workers at the top.
The equilibrium model we propose in Section 4 will shed light and quantify the

relative importance of these two alternatives.

Panel (d) of Figure 3 provides further suggestive evidence that the supply
and demand framework, in combination with the task-based approach, might be
useful to understand the changes in the gender earnings ratio in Mexico. The fig-
ure depicts the change in log mean (male/female) earnings ratio as a function of
the change of log mean (male/female) relative supply between C.1990 and C.2013,
where each circle represents one of the principal group occupations of the ENIGH.
Although some occupations, mostly in the abstract task-intensive group, saw a pos-
itive comovement between relative quantities and relative prices, there is a clear
negative relation between the magnitude of the compositional shift in labour supply

and the magnitude of the change in the gender earnings gap.

3.1 Did the Wage Structure Changed? Decomposing the

Gender Earnings Gap Across Quantiles

The underlying assumption behind the previous descriptive evidence is that the
wage structure did in fact change, which is not necessarily the case. The rise of
female labour force participation was not the only major change in the Mexican
labour market over this period, so pure compositional shifts, absent of any changes
in relative pay, could also be consistent with the observed trends.!® For example,
as shown in Table 2, the share of prime-age women in the workforce with at least
some college education increased from 14.5 to 24.0 percent between C.1990 and
C.2013, while that of men went from 15.6 to 20.8 percent: the larger share of women
with more schooling can be an alternative explanation for the observed convergence
in earnings at the top of the distribution. Also, the average Mexican worker is
becoming older, with the share of workers between 25 and 34 years of age falling
between C.1990 and C.2013 from 46.5 to 34.9 percent in the case of women, and
from 43.5 to 36 percent in the case of men: if the gender earnings gap increases

with age (Barth et al., 2017), this age compositional change can also be a factor

13 A similar argument was made by Lemieux (2006) in the context of the debate about the rise
of income inequality in the United States. Lemieux shows evidence that a substantial share of
the the rise in residual earnings inequality in the U.S. — the largest component of overall earnings
inequality — can be accounted by the fact that the earnings of workers that are older and have more
schooling —both of which have increased their share in the workforce — tends to be more dispersed.
This argument was later controverted by Autor et al. (2008).

12



behind the divergence in earnings at the bottom of the distribution. Finally, women
saw a slight relative shift towards the low-paying manual task-intensive occupations
(from 34.4% to 35.3%), which is mostly explained by an increase of female workers
in service occupations, while the participation of males in that occupational group
declined (from 40.4% to 37.1%), which is mostly explained by a movement away

from agricultural occupations.

Has the wage structure changed or is there a simple re-composition of the
workforce? A simple decomposition exercise can help disentangle the importance of
these two potential drivers. The idea is to exogenously fix the structure of relative
earnings at the average level across the last 25 years, and then quantify the counter-
factual levels of the gender earnings ratio at different percentiles under the observed
compositional changes. Alternatively, we can keep the composition of the labour
force fixed at a given point in time and construct counterfactual earning ratios to
evaluate how changes in schooling, age and occupational premiums have affected the
observed dynamics. Again, these are partial equilibrium counterfactuals, something

that we will return to in the next section.

The decomposition methodology is based on Firpo et al. (2007, 2009), and
the specific details can be found in Appendix 8.3. As a starting point, consider a

transformed wage-setting model of the form:

RIFQT,gen,t = X/enytﬁ)/gen,t + 6gen,7§7 (33)

g

where subscript gen indicates if the worker is male (gen = k) or female (gen = f);
the subscript ¢ indicates the period, either initial (¢ =C.1990) or final (t =C.2013);
RIFq; 4en: represents the value of the RIF corresponding to the 7'th quantile of the
earning distribution at time ¢ and for gender gen; X is a vector of socio-demographic
characteristics including quadratic terms in education and age, and a set of indicator
variables for the 18 principal group level occupations of the ENIGH;' and €ge,, ¢ is
the error term assumed to have zero conditional mean. We can estimate Equation

(3.3) for each gender and period separately by OLS, and then express the estimated

14As in the Oaxaca-Blinder decomposition for the mean, this decomposition is not invariant
to the reference variable chosen when covariates are categorical. We limit this problem by using
quadratic polynomials in years of education and age instead of levels. In the case of occupations,
we use the more disaggregate principal group level, and repeat the decomposition changing the
reference groups, but results were qualitatively similar.
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difference over time of the expected value of the earnings quantile ¢, as:

A (7 ~7 A ~7 A A
Ath,gen - (X gen,C.2013 — X gen,C.1990) VYgen,P +X gen,P (’Ygen,C.2013 - ’Ygen,C.1990)a
~ ~~ - N ~~ 7

At(jX,T,gen AtéS,r,gen

(3.4)

where overbars denote averages, and 4y, p and ygem p correspond to the estimated
vectors of parameters and the explanatory variables of a wage-setting model in which
observations are pooled across the two periods.’® Here, A;Gx r 4en corresponds to
the composition effect, which captures the part of the change in the 7’th earnings
quantile that is accounted for by changes in the average skill-demographic and oc-
cupational composition of workers, given that we set the returns at their (weighted)
average over the two periods; and As r gen is the wage structure effect, and cap-
tures how changes in returns are affecting earnings at the quantile 7, given that
the observable characteristics are fixed to be equal to their (weighted) average over

time.

Since we are interested in the effects of composition and price changes on the

gender earnings gap, we construct the following measures at 19 different percentiles:

At(jf,k - Ath‘r,}i = \(AthX,T,k - AthX,T,f) +\(AthS,T,]€ - At(jS,T,f)/- (35)

TV TV TV
Overall Composition Wage Structure

The results of the decompositions for 5 selected percentiles are shown in Ta-
ble 3. Each cell reports the contribution of the row variable to the observed change
in the log (male/female) earnings ratio between C.1990 and C.2013 at the given per-
centile. The first conclusion from the decompositions is that wage structure effects
are quantitatively more important than pure compositional effects in explaining the
change in the gender earnings gap across the distribution. Estimated wage structure
effects contribute 72 percent of the observed rise in the gender earnings gap at the
10th percentile, and close to 98 percent at the median. Moreover, they over-predict
the fall in the gap at the 90th percentile (-0.097 log points observed vs. -0.119 log

15This specific counterfactual allows us to analyze composition and wage structure effects relative
to a baseline defined by both the (weighted) mean returns and (weighted) mean characteristics over
the two periods.
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points attributed to the wage structure).

The results also show that if the wage structure had remained constant at
the average levels over the two periods, compositional effects would lead to a larger
counterfactual gender earnings gap at all points of the distribution, which is indica-
tive that pure compositional shifts are contributing to the expansion of the gap at

the lower tail, but have impede further convergence at the top of the distribution.

The second conclusion from the decomposition is that, out of the three set
of variables in the wage setting model, changes in relative pay across occupations
are the most important factor behind the overall wage structure effects, particularly
at the two tails of the distribution. Wage structure effects associated with the
occupation variables account for 83 percent of the overall wage structure effects at
the 10th percentile, and also over-predict the contribution of changes in relative
pay at the top (-0.151 log points attributed to occupations vs. -0.119 log points
attributed to the overall wage structure). This result can be seen more clearly in
Figure 4, where we show both the overall change in the log (male/female) earnings
ratio between C.1990 and C.2013, and the estimated amount of this change that is
attributed to changes in the occupation wage structure. It is clear from the figure

that the trends in the two series mimic each another.

The evidence from the decompositions support the claim that the structure
of relative pay between males and females in Mexico has in fact changed, but the
question remains if this phenomenon was driven by the rise in female labour force
participation. In the next section we develop an equilibrium model of supply and
demand for labour to try to answer this question. The objective of the model is
threefold: first, to explore if a general equilibrium model combining the task-based
approach with the canonical supply and demand framework is able to recreate the
patterns and changes in the Mexican wage structure over the past 25 years; sec-
ond, to estimate the key structural parameters to test the hypothesis of differential
degrees of substitutability between male and female labour across the occupational
distribution; finally, to run counterfactual exercises and get quantitative estimates

of the effect of the rise of female labour force participation on the gender earnings

gap.
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4 Theoretical Model

4.1 Demand Side

The model assumes that aggregate production in the economy is a function of the
amount of labour that imperfectly substitutable types of workers supply to the mar-
ket. Agents are divided into 4 types according to their gender — male or female —
and their level of schooling — secondary education at most, referred as unskilled, or
at least some college education, referred as skilled.!® Each type of agent chooses be-
tween entering the workforce in one of three possible market occupations: abstract,
routine or manual task-intensive; or, alternatively, the agents can opt to stay in

home production.

Furthermore, the model assumes that the aggregate production technology
can be described by a 3 level nested constant elasticity of substitution (CES) func-
tion, where each nest of the production technology corresponds to a given dimension:
occupation, education, and gender. At the top level, output is produced by a CES

combination of labour in the three types of market occupations:

p1/p2] /P10
Y= Zp |ona gl + (1= ary) (a2 L% + (1 - a2) L7, ) ] . (4

where Y; is total output at time ¢; Z; is a scale parameter that is allowed to vary
in time to capture skill-neutral technological change; L,;, L,;, and L,,; are the
total supply of labour in abstract, routine, and manual task-intensive occupations
respectively; p; € (—o0,1] is a function of the elasticity of substitution (o,,) be-
tween labour in non-abstract — manual and routine — and abstract task-intensive
occupations (0, = ——); and py € (—o0,1] is a function of the elasticity of sub-

1—p1
stitution (o,,) between labour in routine and manual task-intensive occupations

16Tn order to maintain a tractable number of parameters in the model, we omit the age dimension
from this analysis. The decision is also supported by the fact that the age dimension played a
secondary role for explaining the patterns of the gender earnings gap in the decomposition.
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(0p, = ﬁ)‘” Finally, o, is a time-varying share parameter that captures both
differences in the intensity of labour used between non-abstract — routine and manual
—and abstract task-intensive occupations, as well as movements in relative demands
between them. Similarly, cp,; captures both differences in the relative intensity of
labour used between routine and manual task-intensive occupations, and movements
in relative demands between them. General examples of possible sources of shifts
in relative demand include non-neutral technical change (e.g. routine-biased tech-
nical change as in Goos et al. (2014)); variations in non-labour input demands (e.g.
through capital skill complementarity as in Krusell et al. (2000)); product market
demand shifts (e.g. through changes in the external demand for commodities as in
Fernandez and Messina (2017)); and trade and outsourcing (e.g. generating incen-
tives to modernize the production processes as in Juhn et al. (2014), and increasing

competition with local industries as in Autor et al. (2016)).

In the second level of the production technology, labour in each occupation
is divided in two groups based on the schooling level of the workers. In particular,
labour in each occupation consists of a productivity weighted CES combination
of labour from skilled workers, indexed by s, and labour from unskilled workers,
indexed by u. That is:

] 1//’3,occ

o P3,0cc P3,0cc —
Locer = [ag,’occyth’OCC’t + (1 = as0cet) Ly et for occ=a,r,m, (4.2)

where the parameters have an analogous interpretation to those in Equation (4.1).

Finally, in the third level of the production technology labour is disaggregated
in each occupation-education group according to the gender of the workers. This is
done using a productivity weighted CES combination of female workers, indexed by

f, and male workers, indexed by k. That is:

"Note that by assumption, the elasticity of substitution between labour in abstract and manual
task-intensive occupations is the same as the elasticity of substitution between abstract and routine
task-intensive occupations. We consider this a natural way of organizing the three occupational
groups since we observe they are align this way in the earnings distribution — low vs. high paying
occupations —, but we present results using alternative specifications in the robustness section of
the paper.
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L o L,U4,occ 1 L,U4,occ 1/p4,occ f d _
edu,occit = | edu,occ,t g edu,occ,t + ( - a4,6du70007t) f,edu,occ,t or eau = s,u,

and occ=a,r,m,

(4.3)

where the parameters have an analogous interpretation to those in Equation (4.1).
Note that elasticities of substitution between male and female labour are allowed
to vary between occupations, but not within occupation and education. Any dif-
ferences in substitutability between labour by education group is captured by the

relevant parameters in the second level of the production technology.'®

The demand side of the model has two types of relevant parameters that we
need to estimate: 8 parameters that are functions of the elasticities of substitution
(P15 P25 P3.as P3rs P3ms Pia, Pars and pan,); and a set of time varying relative
productivities/demand shifters parameters (Z;, oy, qat, 03at, O34ty O3mts Mdsants
O srty W smits Vuats Vurts A0 Oy me). As argued by Johnson and Keane (2013),
it is possible to fit the trends in relative wages perfectly if we did not impose any
restrictions on the evolution of the relative demand parameters, but this would mean
that we would not be able to identify the parameters capturing the elasticities of
substitution. we then restrict these relative productivities to follow a cubic trend
in their natural logarithm.' For example, the parameter a;; is allowed to change

according to:

lOg Q1 = Q10 + Oéth —+ (1172152 + 041’3753. (44)

A simple example is useful to understand how the different set of parameters
are identified in the model. Note that under the assumption that the economy is

operating along the demand curve, log relative earnings between male and female

8To test how sensitive are our results to the selection of the ordering of the levels in the
production technology, we report results using alternative model specifications in the robustness
section.

9The cubic trends provided the best fit of the model to the data. Quadratic polynomials were not
flexible enough, while the coefficients associated to the quartic polynomials were not statistically
significant in most cases. Results using alternative specification of the polynomials are available
upon request.
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labour within a given occupation and education group can be expressed as:

W@'LLOCC eau,occ 1 L eau,occ
1Og<—k’d’ ’t)zlog( W edusoccst )— log(—k’d’ ’t) for edu = s,u,

Wf,edu,occ,t 1— Q4 edu,oce,t O-p4,occ Lf,edu,occ,t
and occ=a,r,m,

(4.5)

where Wy cau,occ and Wy edu,occ are the wages of the respective groups. In the model,
the elasticities of substitution are identified by the movement in relative supply,
something we specify in the next section, but the demand trends, as captured by the
log ratio of the third order polynomials, are identified residually. In particular, any
change in relative wages that is not explained by movements in relative quantities

is then absorbed by the relative demand parameters.

In total, the demand side of the model has 56 parameters that we need to

estimate.

4.2 Occupational Choice

Male and female workers sort themselves into different market occupations based
on preferences about job flexibility and earning’s profiles (Goldin, 1984, 1986; Adda
et al., 2017); responding to societal expectations and attitudes towards female work
(Brown et al., 1980; Goldin, 1984, 2006); and as a function of gender specific com-
parative advantages associated to differences in physical, sensory, motor, and spatial
aptitudes (Galor and Weil, 1996; Black and Juhn, 2000; Rendall, 2010; Welch, 2000;
Rendall, 2013; Baker and Cornelson, 2016). The model attempts to incorporate both
individual preferences and equilibrium returns to labour in the decision problem of

the agents.

Following the work of Johnson and Keane (2013), we model occupational
choice using a random utility framework where agents of different type choose either
to enter the workforce in any of the three market occupations or remain in home
production. Each alternative generates an utility for the worker, and agents choose
the alternative that provides the highest utility. we model these utilities as linear
functions that depend only on pecuniary and nonpecuniary rewards from each choice.

In particular, the utility that a worker of a given type receives from choosing to enter
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the workforce in one of the three market occupations at time ¢ is

U<OCC | gen, edu, t) :¢gen,edu,occ + 1/)1 Wgen,edu,oca,t + €gen,edu,occ,t (46)

where Ygen eduocc are time invariant parameters that capture nonpecuniary rewards
that a worker gets from choosing occupation occ at time t; and ¢; measures the
weight (in utility terms) that a worker gives to labour earnings (Wyen eduocct)-
€gen,eduocc,t 15 an idiosyncratic taste shock assumed to be independent and identi-
cally distributed extreme value. The assumption about the distribution of the taste

shock generates a tractable Multinomial Logit form to the choice probabilities.

The utility from home production is modelled in a symmetric way. The eco-
nomic literature has linked movements of women into the labour market — or, more
specifically, into market occupations — to changes in fertility and contraceptive tech-
nology (Katz and Goldin, 2000; Costa, 2000; Cruces and Galiani, 2007); changes
in the marriage market (Grossbard-Shechtman and Neuman, 1988; Fernandez and
Wong, 2014; Greenwood et al., 2016); changes in social norms and attitudes to-
wards women’s work (Ronald R. Rindfuss, 1996; Costa, 2000; Fernandez et al., 2004;
Goldin, 2006; Fernandez, 2013); and improvements in capital and technologies used
for home production activities (Costa, 2000; Greenwood et al., 2005; de V. Cavalcanti
and Tavares, 2008; Coen-Pirani et al., 2010). we do not specify how the underlying
mechanism that explain the rise of female labour force participation interact with
the demand side of the model. What we do is to condition the decision to remain in
home production on variables linked to fertility choice, marriage patterns, changes
in preferences, and technical change that is specific to home production activities
(e.g. appliances). In particular, the utility from choosing home production, denoted
by h, takes the form:

U(h | gen, edu,t) =my gen + T2 gent + T3 gen,can Pr(CHLS = 1 | gen, edu, t)

(4.7)

+ 7T4,gen,eduPr(MARR =1 ‘ gen, edu7 t) + €gen,edu,h,t >

where 7 gen, and 7y gen, are the intercept and slope of a gender specific linear trend

that captures both changes in preferences for home production over time, and
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changes in the technology used in home production activities; Pr(CHL5 = 1 |
gen, edu, t) is the probability that the agent has a child under the age of 5, which,
since the level of aggregation is at the gender-education level, corresponds to the
proportion of the population from a given group that has at least one children under
the age of five at time ¢; and Pr(MARR =1 | gen, edu, t) is the probability that the
worker is married or has permanent partner. Finally, €jen cqun 1S a idiosyncratic

taste shock assumed to be independent and identically distributed extreme value.

Panel (a) and (b) of Figure 5 show the trends of the two variables we incor-
porate in the home production utility function — the proportion of individuals with
children under the age of 5, and the proportion of individuals that are married or
with a permanent partner — both conditional on education and gender. The two
variables can only be calculated for a sample restricted to the household head, and,
if applicable, to his/her spouse or partner, so the trends should be interpreted with
this caveat in mind.?® The percentage of each group with children under the age of
5 was between 45 and 55 percent in 1989, but these numbers fell in all cases by close
to 20 percentage points, so the same probability in 2014 ranged between 25 and
35 percent. The change in the fertility decisions of the Mexican population is ex-
pected to be a significant driver behind the rise in female labour force participation.
Changes in the marriage market were less pronounced: in 1989, the percentage of
each group that was either married or had a permanent partner was between 86 and
94 percent; by 2014, these numbers had fallen between 3 and 8 percentage points,
with the largest decline observed among the college educated (7.4 and 8 percentage

points decline for males and females respectively).

Given the assumed distribution of the idiosyncratic taste shocks, the prob-
ability that a worker chooses one of the market occupations or home production

is

exp(U(O | gen, edu,t))

Pr(do =1 du,t) =
T( o | gen’e u> ) Zocc:a,r,m,h exp(U(occ ’ gen7€du’t))

for O =a,r,m,h.

(4.8)

We can use these probabilities to find the total labour supply of each type

20The ENIGH survey started asking the question on marital status to all member of the household
in 1996, and for the number of children since 2004. For these reason, the two variables can only
be constructed for the household head, and, if applicable, to his/her spouse or partner.
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in each occupation. For example, the total supply of female workers with college

education in abstract task-intensive occupations is

Fsat = Lpse X Pr(de =11 f,s,1) (4.9)

Where Ly, is the total number of female workers with college education at
time t, which we take as given. As the example shows, we condition on the schooling
level of the agents, but we assume that the educational choice was taken before the

age of 25, the starting age for an agent to become part of the sample.

The supply side of the model has a total of 25 parameters that we need to

estimate.

4.3 Equilibrium and Estimation

The amount of labour demanded from agents of a given type in a specific market

d
gen,edu,occ,t?

occupation and moment in time, denoted by L is fully determined by the

equilibrium condition that wages are equated to marginal productivities:

Y}
Woen,edu,ocet = 9Ll

gen,edu,occ,t

(4.10)

Also, in equilibrium, wages are set to equate the supply and demand for the

different labour types:

d I _
Lgen,edu,occ,t — Hgen,edu,occ,t for occ = a,r,m, (411)

while the total supply in home production can be recovered residually.

A solution to the model is then obtained by finding the vector of wages
for which Equations (4.10) and (4.11) are satisfied by each type of agent in each
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occupation. For a given set of parameters, this can be accomplish in an iterative
way using a fixed-point algorithm: (i) start with an arbitrary wage vector W and
find the total supply of workers from each type in each occupation, which can be
calculated using Equations (4.8) and (4.9). (ii) Plug the estimated supply of workers
of each type into the marginal productivity function defined by Equation (4.10) and
calculate the new vector of wages W1, (iii) If W° = W', we have a solution for this
set of parameters. If W0 #£ W1 set W° = W' and go back to step (i).

The model generates a prediction of the wage and labour supply of the four
worker types in the four occupations (including home production) at every time
period. With 13 years of data there are (12 + 16) x 13 = 364 predictions in total?!
that are a function of the 81 parameters. we fit the model to the ENIGH data
using the method of moments, targeting observed labour shares and wages. Given
the dimensionality of the problem, and the different scales of the moments being
targeted, we assume a simplified error structure to facilitate estimation. Details on

the estimation technique are presented in Appendix 8.4.

5 Results

5.1 Model Fit to the Data

Figure 6 and Table 4 show the fit of the model with respect to the targeted mo-
ments. The figure shows that the dynamics predicted by the model for both log
(male/female) relative earnings and log (male/female) relative supply follow closely
what is observed in the ENIGH data. The model is not able to accurately capture
short-term variations in these series, but it is able to replicate the long-term trends
by occupation groups across the 25 year period. Importantly, the model also does
a good job capturing the level and changes in labour force participation for both

males and females.

Table 4 shows the observed and predicted occupation shares and mean wages
for each type of agent in the model in two periods: C.1990 and C.2013. There is a
close fit of the model with respect to the occupational distribution, with no major

differences between model predictions and data in any of the cells. In the case of

21'Wages: 4 types of workers in three market occupation leads to 12 predictions per year. Supplies:
4 types of workers in 4 possible occupations leads to 16 predictions per year.
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mean wages, the model predictions are also close to the data, except in the cases in
which the occupational shares of the groups being compared are relatively small. For
example, the model predicts higher wages for college-educated workers in manual
and routine task-intensive occupations C.1990, especially among females, but these
groups only represent between 0.05 and 0.63 percent of the prime-age population
according to the ENIGH.

Having established that the model can recreate the level and changes of the
occupational and wage structure of the Mexican economy over the last 25 years,
we now turn to the estimates of the structural parameters that give rise to these

patterns.

5.2 Parameter Estimates

Table 5 presents the point estimates and standard errors of the different elasticities
of substitution in the production technology. The elasticities of substitution between
male and female labour are estimated to be around 1.2 in the low-paying manual and
routine task-intensive occupations, and close to 2.6 in the high-paying abstract task-
intensive occupations. These results provide support to the hypothesis that male
and female labour are closer substitutes in occupations with stronger requirements

for abstract analytical skills.

To get a sense of what these values represent in the Mexican context, note
that the log (male/female) relative supply fell by 44 log points between 1989 and
2014 in both manual and routine task-intensive occupations, so an elasticity of 1.2
implies that the log (male/female) earnings ratio should have increased — holding
everything else constant — by 36 log points (43%) in both cases. These numbers are
much higher than the observed 3 and 11 log point increase of the gender earnings gap
in the respective occupations, so that relative demand trends favouring women in
those occupations must be part of the story. For abstract task-intensive occupations,
a similar calculation shows that the 69 log points decline in the relative supply should
have resulted in a larger earnings gap by close to 26 log points (30%), instead of the
10 log points decline observed in the data. Again, these results suggest that relative

demand trends in high-paying occupations were strongly favourable to women.

To my knowledge, these are the first estimates of the elasticity of substitution

between male and female labour for any country in Latin America, so there are no
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points of comparison. For the case of the U.S., Acemoglu et al. (2004) estimate
this elasticity to be around 3, while Johnson and Keane (2013) report values for
this parameter in a range between 4.76 and 5.6. Although not directly comparable,
the differences in the estimates between the U.S. and Mexico are substantial. It is
possible that the technologies of production in less developed economies are such
that the differences in the skills supplied in the labour market by men and women
are accentuated (e.g. due to a lower technification of tasks and higher reliance on
“brawn” instead of “brain”). Moreover, social norms might be such that women
are restricted from entering certain occupations, so that the elasticity of substi-
tution between men and women not only captures technical possibilities, but also
cultural traits. It is not possible to disentangle between these and other alternative

explanations, but this is a fertile area for future research.

On the educational dimension, the point estimates of the elasticities of sub-
stitution between skilled and unskilled labour are 1.4 in abstract, 1.6 in routine, and
3.6 in manual task-intensive occupations. The fact that the estimated elasticities of
substitution between these groups are lower in occupations that are more intensive
in cognitive than in physical labour is encouraging. Moreover, these results suggest
that the sharp educational upgrading in Mexico has contributed to the fall of over-
all earnings inequality by generating downward pressures on wages of workers with
more schooling, an outcome that is consistent with the recent inequality trends in

the Latin American region.

The three point estimates of the elasticities of substitution between skilled
and unskilled labour are in a range that incorporates the values that other studies
have reported for Latin American. For example, using data from five Latin Amer-
ican countries during the 1990s, Manacorda et al. (2010) report estimates of this
elasticity of around 3. Fernandez and Messina (2017) expanded the model used by
Manacorda et al. (2010) finding a value close to 2.1. For the United States, there is
a general convergence among different studies showing that the elasticity of substi-
tution between skilled and unskilled labour is close to 1.5 (Katz and Murphy, 1992;
Ciccone and Peri, 2005; Johnson and Keane, 2013).

The previous discussion shows that the rise of female labour force participa-
tion is having a substantial influence on the Mexican wage structure, but they also
suggest that the demand for female labour must have increased considerably during
the period, mitigating the compositional effects, otherwise we should have observed

a much larger rise in the gender earnings gap. In Figure 7 we present the model
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predictions of the evolution of both the relative demand trends and total labour
productivity.?? To facilitate interpretation, each series capturing changes in relative
demands is normalized to take a value of zero in 1989. Panels (a) and (b) show that
during the last 25 years, the demand for female labour in Mexico increased rela-
tive to that of males. This result holds within the three occupational groups, and
also among workers with low and high levels of schooling. For example, in the case
of workers with at most high school education, changes in the demand side of the
economy imply that — holding everything else constant — the log (male/female) earn-
ings ratio should have fallen by 14 log points in abstract and routine task-intensive
occupations, and by 25 log points in manual task-intensive occupaitons. Among
workers with at least some years of tertiary education completed, these effects are
even stronger: in abstract task-intensive occupations, the model predicts that log

(male/female) earnings ratio should have fallen by 58 log points.

The coefficients of the relative demand polynomials are estimated residually,
so we are not able to pinpoint exactly what are the main drivers behind the observed
patterns. But the predictions of the model are consistent with previous studies that
have shown that the Mexican labour market has experienced an increase in the
relative demand for female labour. Juhn et al. (2014) show that as a consequence of
the reduction of import tariffs, the more productive firms in the Mexican economy
were induced to enter the export markets and modernize their technologies. The
authors argue that these new technologies lowered the need for physically demanding
skills in blue-collar occupations, which translated in a rise of the relative demand for
female labour. A similar argument emphasizing how structural change can lower the
need for physically intensive tasks, favouring female labour, has been recurrent in
other contexts (Galor and Weil, 1996; Rendall, 2010; Black and Spitz-Oener, 2010;
Lup Tick and Oaxaca, 2010; Akbulut, 2011; The World Bank, 2012; Aguayo-Tellez
et al., 2013; Rendall, 2013). It is also possible that social attitudes regarding female
labour are changing, and that employers are more willing to hire women in positions

that were previously exclusive to men.

Relative demand trends are also favouring workers with more schooling and
labour in abstract task-intensive occupations (see Panels (c) and (d)).?® Some po-
tential drivers behind this skill specific demand shift in Mexico have been associ-

ated to the trade and investment liberalization of the Mexican economy since the

22G8ee Equations (4.4) and (4.5) for an example of how the relative demands trends are specified.

230ther studies showing that relative demand for skilled labour has been growing in Mexico
include Sanchez-Pdramo and Schady (2003); Binelli and Attanasio (2010); Manacorda et al. (2010);
Gasparini and Lustig (2011)
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late 1980s (Feenstra and Hanson, 1997; Hanson, 2003; Sdnchez-Paramo and Schady,
2003; Behrman et al., 2007; Caselli, 2012); and to the growth of foreign direct invest-
ment (Feenstra and Hanson, 1997). Interestingly, the results provide evidence that
non-neutral technical change — the most widely accepted explanation for the rise in
income inequality in developed economies — is also a factor in developing countries,
but that the educational upgrading of the workforce is strong enough to counteract
this force, so we don’t observe such a sharp rise in the wages of high-skilled workers.
Quoting the famous Tingbergian analogy, the race between education and technol-
ogy is being won by the former. Finally, the evolution of total labour productivity
provide a grim picture for the Mexican economy, with the estimated trends falling

by as much as 27 log points between 1989 and 2014.

The estimates of the parameters from the supply side of the model are shown
in Table 6. Each row reports the point estimate and standard error of a different pa-
rameter, and in the more relevant cases, the table also reports the average marginal
effects. Average marginal effects of the fertility and marital status variables are
calculated by taking the numerical derivative of the probability of choosing home
production with respect to the given variable. we calculate this derivative in each
year separately and then take the average across all years. In the case of the pecu-
niary rewards (¢1), the reported average marginal effect is calculated by finding the
numerical derivative of the probability that a labour type chooses a given market
occupation with repect to the wage. we calculate this derivative in each year and for
every possible labour type and occupation combination separately, and then take

the average across all the values.

As expected, an increase in the wage in a given market occupation raises
the probability that an agent will choose that occupation, but the wage elasticity
of labour supply is relatively low. For example, take the case of a college-educated
female worker choosing among the three market occupations or home production.
If the hourly wage for her group in the abstract task-intensive occupation increased
from 6.5 to 7.15 — a ten percent increase of the sample average of that group —,
the probability of her choosing that occupation is predicted to increases by 1.43
percentage points. Since the individual probabilities are in one-to-one correspon-
dence with the occupation shares, the share of college-educated female workers in
abstract task-intensive occupation would also be predicted to increase by 1.43 per-
centage points. This result suggest that there is substantial persistence in the part
of workers when choosing an occupational group, and that there has to be very large

changes in relative earnings across occupations for workers to switch between them.
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The model predicts that having children in pre-school ages and being married
or with a permanent partner are important determinants of the decision to partici-
pate in market occupations, but only among workers with lower levels of schooling.
For example, the percentage of prime-age females with at most a high school de-
gree and with children under the age of 5 fell by 18.9 percentage points from 1989
to 2014. This decline is associated with a rise in labour force participation of 3.3
percentage points, which is close to 17 percent of the total observed change. The
percentage of females in the same educational group that are either married or with
a permanent partner fell by 6 percentage points, and this decline is associated with
a rise of labour force participation of 1 percentage point, close to 5 percent of the
observed change. Together, the fertility transition and changes in marital status
explain close to 22 percent of the overall rise in female labour force participation
among unskilled females, the group for which we observe the largest movement into
the workforce. The other 78 percent is explained by either changes in the demand
side of the economy, or by changes in preferences for home production and home

production technology as captured by the linear trends in Equation (4.7).

Among men with at most a high school degree, both marital status and
fertility decisions influence the decision to participate in the labour market, but the
direction of the effects is the opposite to that of females. Having children under
the age of five and being married or with a permanent partner is associated with
higher labour force participation, although the average marginal effects are small.
Interestingly, neither of the two variables is statistically significant in the case of

college educated men and women.

5.3 Counterfactual Exercises

To quantify the impact of the different factors behind the decision to participate in
the labour market on the occupation and wage structure, we do a series of counter-
factual exercises. The idea is to “turn off” the different drivers, one at a time, and
then compute the model predictions of occupational shares and mean wages, taking
advantage of the general equilibrium set-up. In particular, we construct counter-
factual distributions under four scenarios: (CF1) setting the linear, quadratic, and
cubic coefficients of the demand trends (« shares) to zero; (CF2) setting the share
of each group with children under the age of 5 to be equal to the level in 1989, and
constant across the years; (CF3) setting the share of each group that is married or

with a permanent partner to be equal to the level in 1989, and constant across the
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years; and (CF4) setting the coefficient of the linear trends (o, s, m2) in the home

production utility function to zero.

Table 7 presents the results from these experiments, with each column corre-
sponding to a different scenario and each cell reporting the difference between males
and females of the difference between C.1990 and C.2013 of the occupational shares
and wages, that is, the change over time in occupation and wage gaps. The results
from the first counterfactual (CF1) reinforce our previous discussion about the role
of changes in the demand side of the economy: relative demand trends in Mexico
tended to favour female labour, and they helped mitigate the impact of the gender
compositional change in labour supply. In the absence of these shifts in demand, the
model predicts that the (male/female) gender earnings gap would be significantly
higher in all occupations and skill groups. The differences in occupational choices
between men and women were mostly unaffected by how the demand evolved, which

is probably due to the fact that the wage elasticity of labour supply is low.

The second (CF2) and third counterfactuals (CF2) capture the equilibrium
effects of the changes in fertility and marital status of the Mexican population. The
results show that these changes did not have a meaningful impact on the occupa-
tional or wage structure. Even tough we found that both variables were significant
factors behind the decision to enter the workforce among unskilled workers, the mag-

nitude of the effect is not strong enough to generate a change in relative earnings.

But the story is different when we look at the final counterfactual (CF4).
The linear trends in the home production utility, which can be capturing either
changes in preferences for this choice or improvements in the technology used in home
production activities, have a strong impact on the occupational and wage structure.
In particular, once we switch off the trends in the utility for home production, the
rise in female labour force participation is much lower (6% predicted instead of
the 22% observed). This in turn implies that the gender compositional shift in the
workforce is small, and that downward pressures on female wages are attenuated. In
fact, in this scenario there is strong convergence in (male/female) relative earnings in
all occupations and skill groups, including in the manual and routine task-intensive

occupations.

29



6 Robustness Exercises

The earnings series used for the baseline estimates of the parameters of the model
included only incomes from full-time workers — those that reported working 35 hours
or more in the previous week. This was done to have groups that were more closely
comparable, since the share of part-time workers differs markedly between males
and females: part-time female workers represent between 33 and 38 percent of all
female workers, while the share of part-time male workers ranged between 10 and
13 percent. Table 8 reports the point estimates and standard errors of the different
elasticities of substitution in the production technology using alternative earnings
series and measures of labour supply. The table reports the baseline estimates; the
estimates once we include income from part-time workers; and the estimates if we
measure labour supply by the total number of hours worked of each group instead of
the head-count. Since we don’t have a measure of hours worked for people that are
in home production, we have to impute those values. We assign each person in home
production the average number of hours worked by workers in market occupation

with the same level of schooling, sex, and age.

There are no major difference between the baseline estimates of the elastici-
ties of substitution and the ones obtained using the alternative earnings and labour
supply series. The rank-size of the values in each of the levels is maintained. In-
cluding income from par-time workers leads to a lower estimate of the elasticity of
substitution between male and female labour in manual and routine task-intensive
occupations, which are now 0.8 and 0.97 respectively. This result only reinforces our
conclusions from the previous section about the strong impact that female labour
supply is having on the wages of female workers in low-paying occupations. Using a
labour supply measure that captures changes in the intensive margin doesn’t change

our analysis in any meaningful way.

The corresponding estimates of the parameters from the supply side of the
model under the alternative earnings and supply measures are shown in Table 9.

Results are essentially unchanged compared to the baseline.

When modelling the structure of the production technology, two decisions
were made that could influence the results but are not grounded on a solid theoretical
basis: first, in the three nests, labour is first divided by education and then by
gender. This division changes the number of relative demands that are estimated

in each dimension, but it should not alter the main results in a significant way.
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Second, the model assumes that the elasticity of substitution between abstract and
routine task-intensive occupations is the same to that between abstract and manual-
task intensive occupations. The way the model is set-up implies that at least one
occupational group will have a common elasticity with the other two; we choose the
abstract task-intensive occupation since it leads to a natural division between high

and low-paying jobs, but it did not have to be that way.

Table 10 presents point estimates and standard errors of the elasticities of
substitution in the production technology under four different model specifications:
(i) the baseline estimates; (ii) the estimates if we switch the order of second and
third nests of the production technology; (iii) the estimates if the occupational group
that has the common elasticity with the other two is the routine task-intensive; and
(iv) the estimates if the occupational group that has the common elasticity with
the other two is the manual task-intensive. Once again, we find that the rank-
size of the values of the elasticities of substitution between male and female labour
is maintained in all cases: in manual and routine task-intensive occupations these
elasticities are between 0.7 and 1.2, while in abstract task-intensive occupations the

number is between 1.9 and 2.6.

The corresponding estimates of the parameters from the supply side of the
model under the alternative model specifications are shown in Table 11. Results are

essentially unchanged compared to the baseline.

7 Conclusions

This paper studies the effect of the rapid rise of female labour force participation
on the Mexican occupational and wage structure over the last 25 years. It argues
that the increase in female labour supply in Mexico, one of the largest in the world
during this period, has fundamentally changed the patterns of relative earnings

between men and women.

The paper shows that the change in the gender earnings gap in Mexico over
the last quarter century has not been uniform throughout the pay distribution. In
particular, the gender earnings gap increased in low-paying manual and routine
task-intensive occupations, but it fell in high-paying abstract task-intensive occu-
pations. Using recently developed decomposition techniques, we provide evidence

that the shift in relative earnings was not the result of a recomposition of the socio-
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demographic characteristics of the workforce, but that it reflects actual changes in

relative pay between men and women.

The paper develops a equilibrium model of the labour market to study if
rising female labour supply can explain the peculiar evolution of the wage structure.
The model follows the task-based approach, allowing the elasticity of substitution
between male and female labour to vary depending on the task content of occupa-
tions. This feature implies that it is possible for changes in female labour supply to

have heterogeneous impacts on relative earnings throughout the pay distribution.

we structurally estimate the model using Mexican household survey data
covering the last 25 years. The estimates from the model support the hypothesis
that the elasticity of substitution between male and female labour is lower in low-
paying manual and routine task-intensive occupations, than in high-paying abstract
task-intensive occupations. In particular, in the preferred specification, we find that
these elasticities are between 1.2 in manual and routine task-intensive occupations,
and 3 in abstract task-intensive occupations. The implication is that the movement
of women into the labour market has imposed a large burden on the wage growth

of female workers, especially those with low levels of schooling.

The estimates from the model also show that the demand for female labour
relative to that of males has been increasing during the last 25 years in Mexico.
we find that this was the case across the board: both within broadly defined oc-
cupational groups, and for workers with high and low levels of schooling. The
counterfactual exercises show that these favourable trends in the demand side of the
economy have attenuated the supply-driven downward pressure on female wages at

low-paying occupations, and fully counteract it at high-paying occupations.
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8 Appendix

8.1 Tables and Figures

Figure 1: Labor Force Participation by Sex
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Notes: Panels (a) and (b) show the total number of prime-age population that are either working
or actively searching for a job by sex. The series in Panels (c) and (d) show the share of prime-
age males/females that are either working or actively searching for a job by sex. The differences
between the CENSUS and the ENIGH are due to the fact that the CENSUS only includes as
economically active those individuals whose primary activity was either working or looking for
a job. For example, part-time workers whose primary activity was studying are categorized as
outside the labor force, leading to an underestimation. Sample weights used in all calculations.
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Figure 2: Changes in the Log (Male/Female) Earnings Ratio
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Notes: Panel (a) shows the estimated (male/female) gender earnings gap. The gender earnings
gap corresponds to the estimated coefficient of a male dummy variable in a regression in which
log hourly earnings is the dependent variable, and we include controls for education attainment (7
different categories), age (6 categories in five year intervals), occupation indicators (18 groups), and
all possible interactions. The regressions are estimated separately in each year. Panel (b) shows
the change in log hourly earnings by percentile between C.1990 and C.2013, calculated for each
gender separately. To increase sample size we joined together surveys from 1989 and 1992, and
from 2012 and 2014. Panels (c) shows the change in log (male/female) earnings ratio by percentile
between C.1990 and C.2013. Sample is restricted to prime-age population that reported working
for more than 35 hours a week. Vertical bars coraefpond to 10 percent confidence intervals. Sample
weights used in all calculations.



SUPPLY AND DEMAND BY OCCUPATIONS

Figure 3: Comovement Between Log (Male/Female) Earnings Ratio and Log
(Male/Female) Relative Supply by Occupation Groups
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Notes: Panels (a)-(c) plot log (male/female) earnings ratios and log (male/female) relative supplies
over the period of analysis, one panel for each occupational group. Panel (d) plots the change in
log (male/female) earnings ratio and the change in log (male/female) relative supply between
C.1990 and C.2013, using the principal group occupational division of the ENIGH as the unit of
analysis. The regression line is estimated weighting each occupation by the average employment
share between the two periods. The sample for the earnings series is restricted to full-time workers
between the ages of 25 and 55.The sample for the relative supply series includes all workers in the
labor force between the ages of 25 and 55. Sample weights used in all calculations.
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Figure 4: Decomposition Results: Change in Log (Male/Female) Earnings Ratio Between
C.1990 and C.2013 Attributed to Changes in Occupational Wage Structure
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Notes: The occupation wage structure series depicts the unexplained component of the detailed
Oaxaca-Blinder decomposition — defined in Equation (3.5) — that is attributed to the 18 principal
group occupations of the ENIGH. The estimation is done separately for 19 percentiles. Confidence
intervals are estimated via bootstrap with 500 replications. Sample weights used in all calculations.
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Figure 5: Determinants of Movements into the Labor Market

(a) Changes in Fertility (b) Changes in the Marriage Market
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Notes: Panel (a) depicts the proportion of the sample with children under the age of 5, and Panel
(b) depicts the proportion of the sample that is married, both conditional on education and gender.
The ENIGH survey started asking the question on marital status to all member of the household
in 1996, and for the number of children since 2004. For these reason, the two variables can only be
constructed for the household head, and, if applicable, to his/her spouse or partner. The sample
is restricted to prime-age population. Sample weights used in all calculations.
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Figure 6: Log (Male/Female) Relative Earnings, Log (Male/Female) Relative Supplies,
and Participation Rates: ENIGH and Model Predictions
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Figure 7: Estimates of the Relative Demand Indexes and Total Factor Productivity
Production Technology: Level 111

(a) Male vs. Female (High School) (b) Male vs. Female (College)
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Notes: Panels (a)-(d) show the estimated change in the relative demand indexes captured by the
log ratio of the « shares. Panel (e) shows the estimated change of log total factor productivity.
The changes in total factor productivity and the « shares are estimated using a cubic time trend in
their natural logarithm (see Equations (4.4) and (4.5) for an example). To facilitate interpretation,
each series is normalized to zero in 1989.
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Table 1: Occupation Groups

Median Percentile of the Task Measure

ENIGH Principal Group Abstract  Routine Manual Group

Managers 90.0 17.0 27.5 Abstract
Crafts and Trades (Supervisors) 84.0 42.0 62.0 Abstract
Education 83.0 11.0 65.0 Abstract
Professional 83.0 42.0 46.0 Abstract
Technical 71.0 69.0 43.0 Abstract
Arts/Entertainment 66.0 35.0 48.0 Abstract
Sales 61.0 22.5 15.0 Abstract
Crafts and Trades (Laborers) 40.0 82.0 73.0 Routine
Clerical (Supervisors) 61.0 63.0 51.5 Routine
Crafts and Trades (Helpers) 10.5 62.0 60.5 Routine
Machine Operators 16.0 62.0 51.0 Routine
Clerical (Laborers) 41.5 53.0 12.0 Routine
Transport 19.5 21.0 96.0 Manual
Agriculture 32.0 27.0 82.0 Manual
Protective Services 24.5 5.5 76.5 Manual
Domestic Service 9.0 8.0 76.0 Manual
Street Sales 38.0 13.0 64.0 Manual
Service 28.0 25.0 63.0 Manual

Notes: The three task measures were originally constructed for three-digit occupa-

tional codes of the U.S. CENSUS by Autor et al. (2003). For each measure, I first
organize the three-digit occupations by percentiles, and then calculate the median
percentile within the broader 18 occupational groups of the ENIGH. Each of the 18
occupations is assigned to the group in which the median percentile was highest.
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Table 2: Changes in Composition between C.1990 and C.2013

C.1990 C.2013 Dif. in Dif.
Female Male A Female Male A
Overall Population
Participation Rate 38.59 96.49  57.89 59.59 95.82  36.24 -21.66
Education
High School 92.09 84.27  -7.82 81.24 79.05 -2.18 5.64
College 7.91 15.73 7.82 18.76 20.95 2.18 -5.64
Age
25-84 44.63 43.61  -1.02 35.74 36.36  0.62 1.64
35-44 32.34 32.84 0.50 34.16 33.97  -0.20 -0.69
> 45 23.02 23.55 0.52 30.09 29.67 -0.42 -0.95
‘Workforce
Education
High School 85.48 84.37 -1.11 76.00 79.19  3.19 4.29
College 14.52 15.63 1.11 24.00 20.81 -3.19 -4.29
Age
25-34 46.48 43.58  -2.90 34.96 36.03  1.08 3.97
35-44 33.31 33.38 0.07 36.18 34.72  -1.46 -1.53
>45 20.21 23.04 2.83 28.87 29.25  0.39 -2.44
Occupations (Emp. Share by Gender (%))
Abstract 38.19 26.27 -11.93 37.45 27.47  -9.98 1.95
Routine 27.37 33.35 5.98 27.22 35.43 8.21 2.23
Manual 34.44 40.39 5.95 35.32 37.09 1.77 -4.18
Occupations (Emp. Share Overall (%))
Abstract 11.91 18.08 6.17 15.59 16.04  0.45 -5.72
Routine 8.53 22.95 14.42 11.33 20.69  9.36 -5.06
Manual 10.74 27.79  17.06 14.70 21.66  6.96 -10.10
Overall 31.18 68.82  37.65 41.62 58.38  16.77 -20.88

Notes: The table shows the composition by sex, education, age, and occupation of both overall prime-

age population and of prime-age population in the workforce.

Each cell reports the share of the

respective column group. In the specific case of the overall employment by occupations, the cells report

the shares including both males and females. Any individual that has at least completed one year of

post-secondary education is included in the college group. We joined together surveys from 1989 and

1992, and from 2012 and 2014 to increase sample size of the ENIGH survey. The sample is restricted

to prime-age population. Sample weights used in all calculations.
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Table 3: Compositional Changes and The Gender Earnings Gap: Oaxaca-Blinder Decomposition
Results by Selected Percentiles

P10 P25 P50 P75 P90
Est. [S.E.] Est. [S.E.] Est. [S.E.] Est. [S.E.] Est. [S.E.]
Observed Change 0.214 [0.034] 0.131 [0.020] 0.150 [0.023] 0.022 [0.025] -0.097 [0.032]
Overall Wage Structure 0.155 [0.036] 0.108 0.021 0.148 0.021 0.006 [0.023] -0.119 [0.033]
Occupation 0.129 [0.037] 0.058 0.023 -0.029 0.023 -0.135 [0.029] -0.151 [0.046]

[0.021] [0.021]
[0.023] [0.023]
Education 0.007  [0.040]  0.021  [0.020]  0.019  [0.012]  0.004  [0.014] 0.052  [0.019]
[0.008] [0.008]
[0.039] [0.033]

Age 0.009  [0.014] -0.004 [0.008]  0.002  [0.008]  0.029  [0.009] 0.049  [0.014]
Constant 0.009  [0.071] 0.033 [0.039] 0.157 [0.033] 0.108 [0.037] -0.069  [0.059]
Overall Composition 0.059  [0.019] 0.023 [0.013] 0.002 [0.014] 0.016 [0.016] 0.022  [0.022]
Occupation 0.001  [0.002] -0.001 [0.002] -0.001 [0.004] -0.003  [0.005] -0.011  [0.006]
Education 0.079  [0.017] 0.037 [0.011] 0.022  [0.011] 0.040 [0.013] 0.055  [0.018]
Age -0.021  [0.005] -0.013 [0.003] -0.019  [0.003] -0.020  [0.004] -0.022  [0.007]

Notes: The table shows results of the aggregate and detailed Oaxaca-Blinder decomposition defined
in Equation (3.5). The Standard errors in brackets are calculated via bootstrap with 500 replications.

Sample weights used in all calculations.

Table 4: Model Fit: ENIGH and Model Predictions of the Occupation Shares and Wages

Female C.1990 Male C.1990 Female C.2013 Male C.2013 Dif. in Dif.
ENIGH Model ENIGH Model ENIGH Model ENIGH Model ENIGH Model

Occupation Shares

College
Abstract 2.26 1.72 5.30 4.58 5.22 5.32 6.14 6.18 -2.13 -2.01
Routine 0.63 0.77 1.27 1.38 1.66 1.81 1.90 1.67 -0.39 -0.76
Manual 0.05 0.61 0.39 1.12 0.49 0.83 0.92 1.05 0.09 -0.29
Home Production 1.26 1.09 0.45 0.33 2.55 1.95 0.93 0.99 -0.81 -0.20
High School
Abstract 5.45 5.36 6.39 6.77 6.27 6.44 5.69 5.43 -1.53 -2.42
Routine 4.89 5.64 13.58 14.63 6.69 7.00 13.34 12.98 -2.04 -3.00
Manual 6.90 7.34 17.59 16.47 10.35 10.08 15.04 15.68 -5.99 -3.53
Home Production 31.49 30.37 2.12 1.83 19.59 19.35 3.23 3.25 13.02 12.44
Mean Wages
College
Abstract 6.99 6.44 10.04 9.51 6.30 6.15 8.11 7.93 -9.39 -12.13
Routine 5.98 6.98 7.98 7.70 4.90 4.81 5.25 5.46 -15.99 2.06
Manual 3.17 8.06 5.11 6.37 3.16 2.31 3.30 2.45 -35.05 9.84
High School
Abstract 3.89 3.58 4.54 4.26 2.67 2.68 3.12 3.29 0.20 2.63
Routine 3.33 3.14 3.06 2.91 2.41 2.44 2.52 2.60 9.74 11.94
Manual 1.89 1.78 2.14 2.09 1.73 1.74 2.18 2.24 10.52 9.55

Notes: The Table shows the occupation shares and average wages in C.1990 and C.2013, both from
the ENIGH and predicted by the model. The last two columns report the difference between males and
females of the difference between C.1990 and C.2013 of occupational shares and wages. In the case of

wages the difference in difference corresponds to the percent change.
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Table 5: Parameter Estimates: Production Technology

Elasticities of Substitution
Estimate [SE] Implied Elasticity (1/(1 — p))

Gender
pa,m: female, male (manual) 0.175 [0.181] 1.212
pa,r: female, male (routine) 0.179 [0.129] 1.219
pa,q: female, male (abstract) 0.622 [0.099] 2.646
Education
p3,m: college, high school (manual) 0.722 [0.067] 3.594
p3,r: college, high school (routine) 0.355 [0.041] 1.549
p3,a: college, high school (abstract) 0.276 [0.121] 1.382
Occupation
p1: abstract, routine and manual 0.031 [0.094] 1.032
p2: routine, manual -0.141 [0.183] 0.877

Notes: The table shows the point estimates and standard errors of the elasticities

of substitution from the production technology.
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Table 6: Parameter Estimates: Occupational Choice

Occupational Choice
Estimate SE Average Marginal Effect

Earnings

11: earnings 0.154 [0.009] 0.022
Fertility /Children

73, f,u: female, unskilled 0.712 [0.127] 0.174

73, p.0¢ female, skilled 0.139  [0.229] -0.025

T3k, Mmale, unskilled -0.367 [0.182] -0.022

T3.k.s0 male, skilled 0122  [0.219] 0.008
Marriage

T4, f,u: female, unskilled 0.589 [0.107] 0.144

Ty, 5,s: female, skilled 0.267 [0.134] 0.047

T4 k,w: Male, unskilled -0.524 [0.155] -0.032

Tak.st male, skilled 0.026  [0.196] 0.002
Non Pecuniary Rewards/Tastes

m1,f: female, home production 0.961 [0.078]

ma,f: female, home production trend -0.059 [0.003]

m1,%: male, home production -0.716 [0.127]

T9,%: male, home production trend 0.054 [0.005]

Wfu,m: female, unskilled, manual 0.036 [0.048]

W§ - female, unskilled, routine -0.437 [0.046]

Wfu,a: female, unskilled, abstract -0.555 [0.044]

Vy,s,m: female, skilled, manual -0.756 [0.130]

Yy,s,r female, skilled, routine -0.362 [0.088]

Yf,s,a: female, skilled, abstract 0.508 [0.080]

Yi,u,m: male, unskilled, manual 0.541 [0.063]

Yi,u,r: male, unskilled, routine 0.296 [0.064]

Yi,u,q: male, unskilled, abstract -0.682 [0.066]

Yi,s,m: male, skilled, manual -0.347 [0.073]

g, s,r: male, skilled, routine -0.347 [0.092]

Yi,s,q: male, skilled, abstract 0.581 [0.083]

Notes: The table shows the point estimates, standard errors and average
marginal effects of the main parameters from the supply side of the model.
Average marginal effects of the fertility and marital status variables are calcu-
lated by taking the numerical derivative of the probability of choosing home
production with respect to the given variable. I calculate this derivative in each
year separately and then take the average across all years. In the case of the
pecuniary rewards (1), the reported average marginal effect is calculated by
finding the numerical derivative of the probability that a labor type chooses a
given market occupation with repect to the wage. Ie calculate this derivative in
each year and for every possible labor type-occupation combination separately

and then take the average across all the values.
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Table 7: Counterfactual Excercises

Change in Occupation and Wage Gaps: Difference in Difference.
ENIGH Model CF1 (a’s) CF2 (CHL5) CF3: (MARR) CF4: (m2y, m2,k)

Occupation Shares

College
Abstract -2.13 -2.01 -0.40 -2.06 -2.00 -0.95
Routine -0.39 -0.76 -0.65 -0.76 -0.74 -0.46
Manual 0.09 -0.29 -0.34 -0.29 -0.29 -0.10
Home Production -0.81 -0.20 -0.35 -0.14 -0.22 -1.75
High School
Abstract -1.53 -2.42 -2.09 -2.06 -2.30 -0.48
Routine -2.04 -3.00 -2.94 -2.62 -2.88 -0.88
Manual -5.99 -3.53 -3.75 -2.96 -3.34 -0.40
Home Production 13.02 12.44 12.40 11.13 12.01 5.26
Mean Wages (% Change)
College
Abstract -9.39 -12.13 20.01 -11.81 -12.13 -18.47
Routine -15.99 2.06 34.51 2.06 1.68 -7.58
Manual -35.05 9.84 18.45 10.04 9.79 3.87
High School
Abstract 0.20 2.63 10.94 0.97 2.07 -7.91
Routine 9.74 11.94 19.78 8.50 10.79 -9.94
Manual 10.52 9.55 21.78 5.03 8.03 -19.37

Notes: The Table shows the difference between males and females of the difference between C.1990
and C.2013 of the occupational shares and wages under alternative scenarios. The first two columns
correspond to the ENIGH and and model predictions. Column CF1 corresponds to the counterfactual
estimates once all the linear, quadratic, and cubic coefficients of the a shares are set to zero. Column
CF2 correspond to the counterfactual estimates once we set the probability of having a children under
the age of 5 to the values of 1989, and constant across the years. Column CF3 correspond to the
counterfactual estimates once we set the probability of being married or having a permanent partner to
the values of 1989, and constant across the years. Finally, column CF4 correspond to the counterfactual
estimates once we set the coefficients of the linear trends (o, #,T2%) in the home production utility

function to zero.

52



Table 8: Parameter Estimates: Production Technology. Alternative Supply Measures

Full-Time Workers Part-Time Workers Hours Worked
Estimate SE Elasticity Estimate SE Elasticity Estimate SE Elasticity

Gender
pa,m: female, male (manual) 0.175 [0.181] 1.212 -0.258 [0.152] 0.795 0.161 [0.138] 1.192
p4,r: female, male (routine) 0.179 [0.129] 1.219 -0.030 [0.110] 0.971 0.355 [0.146] 1.551
pa,q: female, male (abstract) 0.622 [0.099] 2.646 0.607 [0.121] 2.543 0.666 [0.108]  2.990
Education

p3,m: college, high school (manual) 0.722 [0.067] 3.594 0.771 [0.083] 4.371 0.803 [0.120] 5.081
p3,r: college, high school (routine) 0.355 [0.041] 1.549 0.364 [0.073] 1.572 0.342 [0.122] 1.519
p3,a: college, high school (abstract) 0.276 [0.121] 1.382 0.151 [0.197] 1.177 0.173 [0.211] 1.209

Occupation
p1: abstract, routine and manual 0.031 [0.094] 1.032 0.688 [0.167] 3.206 0.621 [0.186] 2.639
p2: routine, manual -0.141 [0.183] 0.877 -0.519 [0.146] 0.658 -0.246 [0.192] 0.803

Notes: The table shows the point estimates and standard errors of the elasticities of substitution from the
production technology using different labor supply measures. Columns 1-3 report the baseline estimates;
columns 4-6 report the estimates if income from part-time workers is also included in earnings series; and
columns 7-9 report the estimates if we measure labor supply by the total number of hours worked of each
group instead of the head-count. Since there is no measure of hours worked for people that are in home
production, those values are imputed. We assign each person in home production the average number of

hours worked by workers in market occupation with the same level of schooling, sex, and age.
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Table 9: Parameter Estimates: Occupational Choice. Alternative Supply Measures

Full-Time Workers

Part-Time Workers

Hours Worked

Estimate SE Av. MFX Estimate SE Av. MFX Estimate SE Av. MFX

Earnings

11: earnings 0.154 [0.009] 0.022 0.090 [0.009] 0.013 0.138 [0.012] 0.023
Fertility /Children

73, ¢ female, unskilled 0.712 [0.127] 0.174 0.647  [0.214] 0.159 0.661 [0.227] 0.162

73, f,s: female, skilled -0.139 [0.229] -0.025 0.158  [0.172] 0.029 0.126 [0.207]  0.022

T3,k Male, unskilled -0.367 [0.182] -0.022 -0.242  [0.259] -0.015 -0.238 [0.206] -0.015

3,k,s¢ male, skilled 0.122 [0.219] 0.008 0.022 [0.235] 0.002 0.023 [0.263]  0.001
Marriage

T4, f ¢ female, unskilled 0.589 [0.107] 0.144 0.567  [0.146] 0.139 0.574 [0.17]3 0.141

T4, f,s: female, skilled 0.267 [0.134] 0.047 0.127  [0.187] 0.023 0.294 [0.179] 0.051

T4 male, unskilled 20524 [0.155] -0.032  -0.537 [0.182] -0.034  -0.535 [0.191] -0.033

T4 kst male, skilled 0.026 [0.196] 0.002  -0.043 [0.234] -0.003  -0.045 [0.166] -0.003
Non Pecuniary Rewards/Tastes

m1,¢: female, home production 0.961 [0.078] 0.811 [0.116] 0.935 [0.167]

mg,: female, home production trend -0.059 [0.003] -0.051  [0.004] -0.057 [0.004]

m1,%: male, home production -0.716 [0.127] -0.707  [0.135] -0.609 [0.165]

T i: male, home production trend 0.054 [0.005] 0.047  [0.004] 0.048 [0.004]

V¢ u,m: female, unskilled, manual 0.036  [0.048] -0.041  [0.057] -0.126  [0.096]

V¢, female, unskilled, routine -0.437 [0.046] -0.420  [0.059] -0.361 [0.096]

V¢ u,q: female, unskilled, abstract -0.555 [0.044] -0.504 [0.061] -0.455 [0.094]

Vg s,m: female, skilled, manual -0.756 [0.130] -0.641  [0.099] -0.723 [0.107]

Yyg,s,r: female, skilled, routine -0.362 [0.088] -0.263  [0.106] -0.066 [0.082]

Yg,s,a: female, skilled, abstract 0.508 [0.080] 0.721  [0.105] 0.622 [0.089]

Y, u,m: male, unskilled, manual 0.541 [0.063] 0.577  [0.062] 0.687 [0.124]

Y, u,r: male, unskilled, routine 0.296 [0.064] 0.385  [0.063] 0.404 [0.123]

Y, u,q: male, unskilled, abstract -0.682 [0.066] -0.497  [0.063] -0.542 [0.129]

Yi,s,m: male, skilled, manual -0.347 [0.073] -0.484 [0.116] -0.355 [0.100]

g, s,7: male, skilled, routine -0.347 [0.092] -0.378 [0.111] -0.318 [0.102]

Y, s,q: male, skilled, abstract 0.581 [0.083] 0.873  [0.115] 0.727 [0.106]

Notes: The table shows the point estimates, standard errors and average marginal effects of the main

parameters from the supply side of the model using different labor supply measures. Average marginal

effects of the fertility and marital status variables are calculated by taking the numerical derivative of the

probability of choosing home production with respect to the given variable. We calculate this derivative in

each year separately and then take the average across all years. In the case of the pecuniary rewards (¢1),

the reported average marginal effect is calculated by finding the numerical derivative of the probability that

a labor type chooses a given market occupation with repect to the wage. We calculate this derivative in

each year and for every possible labor type-occupation combination separately and then take the average

across all

the values.
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Table 10: Parameter Estimates: Production Technology. Alternative Model Specifications

Baseline Nests Order Swap Routine Manual
Estimate SE Elasticity Estimate SE Elasticity Estimate SE Elasticity Estimate SE Elasticity

Gender

Pa,m: female, male (manual) 0.175 [0.181]  1.212 -0.246  [0.098]  0.802 -0.427 [0.177]  0.701 -0.029 [0.104]  0.972

pa,p: female, male (routine) 0.179 [0.129]  1.219 -0.278 [0.102]  0.782 -0.095 [0.153]  0.913 0.007 [0.023]  1.007

pa,q: female, male (abstract) 0.622  [0.099]  2.646 0.466  [0.115]  1.872 0.529  [0.099]  2.121 0.551  [0.099]  2.225
Education

p3,m: college, high school (manual)  0.722  [0.067]  3.594 0.564  [0.045]  2.292 0.454 [0.104]  1.831 0.581 [0.058]  2.385

P31} college, high school (routine) 0.355 [0.041] 1.549 0.382 [0.054] 1.618 0.380 [0.051] 1.614 0.189 [0.047] 1.233

p3,q° college, high school (abstract) — 0.276  [0.121]  1.382 0.012  [0.040]  1.012 0.008  [0.048]  1.008 0.446  [0.150]  1.805
Occupation

p1: abstract, routine and manual 0.031  [0.094]  1.032 0.441  [0.109]  1.788

p2: routine, manual -0.141 [0.183] 0.877 -1.816 [0.135] 0.355

p1: routine, abstract and manual -0.784 [0.231] 0.560

po: abstract, manual 0.332  [0.171]  1.496

p1: manual, abstract and routine 0.411 [0.134] 1.697

po: abstract, routine -0.714  [0.099]  0.583

Notes: The table shows the point estimates and standard errors of the elasticities of substitution from

the production technology using different model specification. Columns 1-3 report the baseline estimates;

columns 4-6 report the estimates after switching the order of the second (education) and third (gender)

nests of the production technology; columns 7-9 show the estimates if the occupational group that has the

common elasticity with the other two groups is the routine task-intensive; and columns 10-12 report the

estimates if the occupational group that has the common elasticity with the other two groups is the manual

task-intensive.
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Table 11: Parameter Estimates: Occupational Choice. Alternative Model Specifications

Baseline Nests Order Swap Routine Manual

Estimate SE Av. MFX Estimate SE Av. MFX Estimate SE Av. MFX Estimate SE Av. MFX

Earnings
1: earnings 0.154  [0.009]  0.022 0.109  [0.009]  0.018 0.085 [0.008] 0.014 0.098 [0.010] 0.016
Fertility /Children
w3, f,u¢ female, unskilled 0.712  [0.127] 0.174 0.805 [0.118]  0.197 0.832 [0.162]  0.206 0.664 [0.050] 0.162
mg f,s¢ female, skilled -0.139  [0.229] -0.025 -0.042 [0.116] -0.008 -0.126 [0.330] -0.022 0.022 [0.150]  0.004
75,y male, unskilled -0.367 [0.182] -0.022 -0.162  [0.098] -0.010 -0.174 [0.240] -0.009 -0.246 [0.164] -0.015
73k, st male, skilled 0.122  [0.219]  0.008 0.073  [0.113]  0.005 0.061 [0.310]  0.004 -0.050 [0.196] -0.003
Marriage
74, f,u: female, unskilled 0.589  [0.107]  0.144 0.767 [0.115]  0.188 0.500 [0.107]  0.124 0.588 [0.056] 0.144
7y f,s¢ female, skilled 0.267 [0.134]  0.047 0.318 [0.105]  0.059 0.103  [0.176]  0.018 0.193 [0.093]  0.035
74 J,u: male, unskilled -0.524 [0.155] -0.032 -0.598 [0.115] -0.037 -0.635 [0.244] -0.034 -0.577 [0.144] -0.035
7y ks male, skilled 0.026 [0.196]  0.002 -0.145 [0.124] -0.009 -0.142  [0.299] -0.010 -0.129 [0.154] -0.009

Non Pecuniary Rewards/Tastes

71,5 female, home production 0.961  [0.078] 0.822 [0.088] 0.712  [0.105] 0.848  [0.049]
mo, p+ female, home production trend -0.059  [0.003] -0.051  [0.003] -0.026 [0.003] -0.054  [0.002]
71,k male, home production -0.716  [0.127] -0.646  [0.098] -0.971  [0.221] -0.672  [0.124]
7y, p: male, home production trend 0.054  [0.005] 0.045  [0.002] 0.081  [0.005] 0.045  [0.003]
Y f u,m: female, unskilled, manual 0.036  [0.048] 0.196  [0.050] 0.101  [0.076] 0.019  [0.021]
Wy, fomale, unskilled, routine -0.437  [0.046] -0.228  [0.052] -0.208 [0.076] -0.391  [0.024]
Yy, female, unskilled, abstract -0.555 [0.044] -0.356  [0.052] -0.525 [0.078] -0.492  [0.027]
Vs g,m: female, skilled, manual -0.756  [0.130] -0.699  [0.063] -0.804 [0.148] -0.720  [0.092]
Vg g i female, skilled, routine -0.362  [0.088] -0.235 [0.061] -0.126 [0.120] -0.265 [0.063]
Vs q female, skilled, abstract 0.508  [0.080] 0.739  [0.058] 0.863  [0.123] 0.757  [0.064]
Wk u,m: male, unskilled, manual 0.541  [0.063] 0.625  [0.025] 0.717  [0.062] 0.631  [0.022]
Y 4,0 male, unskilled, routine 0.296  [0.064] 0.423  [0.029] 0.527  [0.063] 0.424  [0.023]
Yk, u,a’ male, unskilled, abstract -0.682 [0.066] -0.522 [0.026] -0.403 [0.063] -0.489 [0.033]
Y, s,m: male, skilled, manual -0.347  [0.073) -0.591  [0.069] -0.582  [0.069] -0.474  [0.064]
W) o, male, skilled, routine -0.347  [0.092] -0.149  [0.063] -0.269  [0.065] -0.316  [0.058]
wk,s,a: male, skilled, abstract 0.581 [0.083] 0.783 [0.063] 0.895 [0.063] 0.749 [0.071]

Notes: The table shows the point estimates, standard errors and average marginal effects of the main
parameters from the supply side of the model using different model specifications. Columns 1-3 report the
baseline estimates; columns 4-6 report the estimates after switching the order of the second (education)
and third (gender) nests of the production technology; columns 7-9 show the estimates if the occupational
group that has the common elasticity with the other two groups is the routine task-intensive; and columns
10-12 report the estimates if the occupational group that has the common elasticity with the other two
groups is the manual task-intensive. Average marginal effects of the fertility and marital status variables are
calculated by taking the numerical derivative of the probability of choosing home production with respect
to the given variable. We calculate this derivative in each year separately and then take the average across
all years. In the case of the pecuniary rewards (v1), the reported average marginal effect is calculated by
finding the numerical derivative of the probability that a labor type chooses a given market occupation with
repect to the wage. We calculate this derivative in each year and for every possible labor type-occupation

combination separately and then take the average across all the values.
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8.2 Division of Occupations into Manual, Routine, and Ab-

stract Task-Intensive Groups

Following the task-based framework, the 18 principal level occupations from the
ENIGH are classified in three groups defined by whether the activities done in the
jobs are predominantly manual, routine (repetitive and easily codifiable tasks), or
abstract intensive. The division is based on the measures constructed by Autor
et al. (2003) from different sets of variables of the 1977 Dictionary of Occupational
Titles (DOT) of the U.S., and then linked to the three-digit occupation codes of the
CENSUS. The DOT evaluated highly detailed occupations along 44 objective and
subjective dimensions that include physical demands and required worker aptitudes,
temperaments and interests. Autor et al. (2003) used a subset of those dimensions
to generate a simple typology consistent of three aggregates for abstract, routine,
and manual tasks. The abstract task measure corresponds to the average from two
variables of the DOT: DCP, which measures direction, control, and planning of
activities; and GED-MATH, which measures quantitative reasoning requirements.
The routine task measure corresponds to an average from two variables of the DOT:
STS, which measures adaptability to work requiring set limits, tolerances, or stan-
dards; and FINGDEX, measuring finger dexterity. Finally, the manual task measure

uses a single variable, EYEHAND, which measures eye, hand, foot coordination.?*

In practice, we first create a cross-walk between three-digit CENSUS codes
in the U.S. and the 18 categories of the principal group occupational division of
the ENIGH. This task is facilitated by the fact that both the ENIGH and the
U.S. CENSUS follow similar international standards when constructing their own
occupation classifications. Since the three task measures are ordinal, there is no
direct way to use the actual magnitude of the variables to compare occupations
across the three dimensions. For each task measure we first organize the three-digit
occupations by percentiles, and then calculate the median percentile of the measure
within the broader 18 occupational groups of the ENIGH. Each of the 18 occupations

is assigned to the group in which the median percentile was highest (see Table 1).

This procedure generated a balanced division with respect to the overall em-
ployment share of each group, and it is also consistent with the broad classification

of aggregate occupations used in the literature that follow the task-based frame-

24See the online Appendix in Dorn (2009) for further details. Other papers that have used this
measures include Autor et al. (2006); Goos and Manning (2007); Dorn (2009); Rendall (2013);
Autor and Dorn (2013); Adda et al. (2017).
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work. T'wo important caveats should be stressed: First, any attempt to homogenize
occupation classification systems from different countries involves some subjective
choices. In the cases where we found that an occupation didn’t have an immediate
correspondence between the two systems, we had to use my judgement, based on
documentation about the description of the occupation, to select a corresponding
match. Second, the task measures were created specifically for U.S. economy, and
it is likely that there are differences in the intensity in which certain skills are used
in given occupations between the U.S. and Mexico. Results should be interpreted

with this two caveats in mind.

8.3 Using RIF to Decompose Changes in Distributional Statis-
tics beyond the Mean

Firpo et al. (2007, 2009) allow extending the traditional Oaxaca-Blinder decomposi-
tion to distributional statistics beyond the mean. This is achieved through the use of
influence functions (IF). Influence functions measure the effect that an infinitesimal
amount of “errors” have on a given estimator (Cowell and Victoria-Feser, 1996), but
they also have properties that allows us to model the sensitivity of a given uncon-
ditional wage quantile to a change in a set of covariates. To see this, let ¢.(F)
be 7th quantile of the distribution of wages, expressed in terms of the cumulative

distribution Fyy (w). Define the following mixture distribution:

GWﬁ = (1 — G)FW + EHW fO’l" 0 S € S 1 (81)

where Hyy is some perturbation distribution that only puts mass at the value w. In
that case, Gy, is a distribution where, with probability (1 — €), the observation is
generated by Fy, and with probability €, the observation takes the arbitrary value
of the perturbation distribution. By definition, the influence function corresponds
to:

- (Gw,e) — ¢-(Fw)

I F(w; g, Fiw) = lime_yo (8.2)

where the expression is analogous to the directional derivative of ¢, in the direction

of Hy,. Analytical expressions for influence functions have been derived for many
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distributional statistics.?> The influence function in the case of the 7th quantile

takes the form:

T_ﬂ[w SQT]

(8.3)

where 1[-] is an indicator function and fy is the PDF.?° Using some of the properties
of influence functions, a direct link with the traditional Oaxaca-Blinder approach
can be established. In particular, a property that is shared by influence functions is

that, by definition, the expectation is equal to zero.

/ T P g, Fa)dF(w) = 0 (8.4)

—00

Firpo et al. (2009) propose a simple modification in which the quantile is
added back to the influence function, resulting in what the authors call the Recen-
tered Influence Function (RIF).

RIF(w;q,, Fw) = ¢, + I F(w; q., Fw) (8.5)

The importance of this transformation lies in the fact that the expectation
of the RIF is precisely the quantile ¢,. With this result, Firpo et al. (2009) show
that we can model the conditional expectation of the RIF as a linear function of the

explanatory variables.

E[RIF(wt, qr, FW,t|Xt)] = X;’}/t (86)

Moreover, if we apply the law of iterated expectations to Equation 8.6, the
end result is an expression that directly relates the impact of changes in the expected
values of the covariates on the unconditional quantile ¢.. Note that this result is all
that is required to extend the Oaxaca-Blinder decomposition to quantiles, since the

basic components of the method are all present in Equation (8.6).

2> Essama-Nssah and Lambert (2011) provides a comprehensive list of influence functions for
different distributional statistics.

26Note that the influence function in this case depends on the density. In order to obtain the
empirical density the authors propose non-parametric kernel density estimation.

29



Estimation of Equation (8.6) can be done by OLS, and only requires replacing
the dependent variable, log w; in the original wage setting model with the RIF of the
quantile ¢,. The interpretation of the estimates 7; can be thought of as the effect
of a small change in the distribution of X on ¢,, or as linear approximation of the

effect of large changes of X on ¢, (Firpo et al., 2007).

8.4 Estimation of the Model: Error Structure, Weight Ma-

trix, and Standard Errors

we assume a simplified error structure to facilitate estimation. Let © be the 81 x 1
vector of parameters to be estimated. Let p(©) by the 364 x 1 vector of wage and
supply predictions of the model as function of the parameters. Finally, let ¢ be the
observed vector of wages and labour shares taken directly from the ENIGH data.
For any given prediction i, we assume that the error term, e;, at the true parameter
vector, ©*, follows a normal distribution centred at zero that is independent across
7. That is,

€ = q; — pi(@*>7 (8-7)

e?
where f(e;) = 21 ~exp(52r).

71'0'1- )

The log-likelihood function takes the form

log £(©) = Zlog fle) = Zlog flai — pi(©)), (8.8)

and the respective score function, s(0), is:
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which we can write more compactly in vector form as

5(0) = W'(©)(q - p(©)). (8.10)

Here, W(©) is 364 x 81 weight matrix that depends on the derivatives of

the vector of predictions with respect to each of the parameters, and the variance
2

of each prediction error o;. At the maximum likelihood estimate, éml, the score

vector of the log likelihood is set to zero:

5(O) = W'(O,)(q — p(Or)) = 0. (8.11)

We use m = ¢ — p(©) as a vector of population moments such that E(q —
p(0)) =0, and obtain a a consistent estimator of ©* by GMM:

~ A

g<®gmm> = W/(q - p(@gmm)) =0, (8~12>

where W' is a fixed positive definite matrix of instruments. Efficient GMM esti-
mator can be obtained by choosing instruments that are asymptotically equivalent
to the weights W’(6,,) in Equation (8.10). The problem is that we would need to
have a consistent initial estimate of ©®*. Given that we do not have those initial
consistent estimates, we follow a iterative process. We start from a plausible set of
initial values of the parameters (©g), and use them to estimate the vector of partial
derivatives %66;0). The estimates of the variance of each error, &20, are calculated
as the square of the estimated error from this initial set of parameter values. Both
of these estimates are then used to construct an initial weight matrix, which allows
us to solve the minimization problem.?” The estimates obtained after this first it-
eration?® are used to update the weight matrix, and the process continues until the

parameter vector converges to a stable point.

2"The parameter search is done using the interior-point algorithm in Matlab.
28Note that even though the weight matrix is a function of the parameters, it remains fixed
during the parameter search.
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Since it is usually not possible to satisfy Equation (8.12), we estimate the

parameters of the model using the quadratic form:

N

Ogmm = argmin[g — p(O)]'W(©)W'(©)[g — p(©)]. (8.13)

Finally, the standard errors of the parameter estimates are calculated ap-
plying the standard method of moments formula. Let I' be the matrix of partial

derivatives of the sample moments m(©y,,) with respect to the parameters. The

ith row correpsonds to:

A 8mz é mm
gmm

so the variance-covariance matrix can be calculated using:

Var©aynr) = [T(Ogmm)'Varm(Ogmm)) ' T(Ogmm)] - (8.15)
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