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Abstract

BACKGROUND

The impacts of shifts in the age distribution of the working-age population have been
studied in relation to the effect of the baby boom generation on the earnings of different
cohorts in the U.S. However, this topic has received little attention in the context of the
countries of Asia and Latin America, which are now experiencing substantial shifts in
their age-education distributions.

OBJECTIVE

In this analysis, we estimate the impact of the changing relative size of the adult male
population, classified by age and education groups, on the earnings of employed men
living in 502 Brazilian local labor markets during four time periods between 1970 and
2000.

METHODS

Taking advantage of the huge variation across Brazilian local labor markets and
demographic census micro-data, we used fixed effects models to demonstrate that age-
education group size depresses earnings.
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RESULTS

These effects are more detrimental among age-education groups with higher education,
but they are becoming less negative over time. The decrease in the share of workers
with the lowest level of education has not led to gains in the earnings of these workers
in recent years.

CONCLUSIONS

These trends might be a consequence of technological shifts and increasing demand for
labor with either education or experience. Compositional shifts are influential, which
suggests that this approach could prove useful in studying this central problem in
economic development.

1. Introduction

Over the last four decades, Brazil has experienced a complete fertility transition, with
the TFR falling from almost six to below replacement levels. Over the same period,
Brazil has seen a major expansion of primary and secondary education. These two
transitions resulted in large changes in the composition of the labor force. The Brazilian
labor force is older now than it was 40 years ago. Moreover, within cohorts, the shares
of individuals with low or no education have been decreasing, and the shares of those
with secondary or higher levels of education have been rising. The combined effects of
these shifts have yielded substantial changes through time in the composition of the
labor force by age and education. These changes will continue, and are predicted to be
even larger in the years to come.

The question we address in this paper is what effect these major compositional
shifts have had on the age-education earnings profiles of Brazilian male workers. One
of the central tenets of labor economics has been that education and experience both
contribute to human capital and, in turn, to earnings (Mincer 1974). Thus, both the
aging of the Brazilian labor force and the rise in educational levels in successive cohorts
of workers should have resulted in increased earnings. However, compositional shifts in
the age-education mix of the labor force might have an important distributional effect
on earnings.

The significance of fertility swings and shifting age composition on the
distribution of earnings was first analyzed in studies that looked at the influence of the
“baby boom” on labor market outcomes in the United States (Easterlin 1978; Freeman
1979; Welch 1979; Berger 1985; Sapozknikov and Triest 2007). Cohorts born during
the baby boom entered the American labor market between the end of the 1960s and the
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middle of the 1970s. The new labor force entrants had more schooling than earlier
cohorts: (1) the number of persons with five to eight years of schooling and with one to
three years of high school fell considerably, while (2) the number of high school
graduates and those with at least some college increased significantly. Results from
these studies indicate that the greater size of the cohorts with better educational
attainment led to a decline in their relative wage rates. While such a result might be
expected, this decline has not always been observed in developed countries, where
wage rates have increased along with the supply of educated workers (Autor, Katz, and
Krueger 1998; Katz and Autor 1999; Katz and Murphy 1992). Using time-fixed effects,
which reduce variations in the data, Shimer (2001) noticed that the growth in the size of
cohorts of young people in the United States was followed by a decline in the rate of
unemployment and an increase in labor force participation. These results complement
and weaken previous findings. The reasons for these outcomes may be skill-biased
technical change, the role of international trade, or other factors. At the same time,
negative effects of cohort size on the labor market have been estimated by recent
studies on different countries (Biagi and Lucifora 2008; Brunello 2010; Korenman and
Neumark 2000; Skans 2005).

The impact of demographic change on the structure of wages was shown to have
been substantial in the U.S., at least temporarily. Moreover, demographic change has no
doubt mattered—although probably to a lesser extent—in other rich countries since
1945. However, wealthy countries may not be the best laboratories for examining the
impact of compositional changes on labor force outcomes. In the U.S., the share of the
male population ages 15-24 increased from 13.5% in 1960 to 19.5% in 1980. In Brazil,
for example, the rise in longevity and the decline in fertility caused a similar
percentage-point drop over two decades, from 37.0% in 1980 to 31.7% in 2000.
Changes in the skill structure of the labor force may have been even larger and more
rapid in Brazil than in the U.S. The largest decadal change in the percentage of
American men with at least a college education was 6.6 percentage points between
1970 and 1980. In Brazil between 1991 and 2000, the percentage of adult men with
nine or more years of schooling rose from 20.6 to 29.7. At least as important is the fact
that the timing of changes in both the age and educational structures of the labor force
in developing countries, including Brazil, has been much more geographically
heterogeneous than in richer countries. These sorts of changes in the structure of the
labor force in developing countries may thus provide greater scope for identifying the
effects of changes in relative supply on earnings than the demographic shocks of the
past half century in richer economies. Despite the importance of the topic for economic
development and the potentially greater variability in developing countries in the
forcing variables that would facilitate the identification of earnings effects, no studies of
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developing countries have examined the role of changes in age and educational
structures on workers’ earnings.®

The topic we address is related to—but is different in its focus from—recent
studies on the “demographic dividend”: i.e., how changing age structures in developing
countries resulting from sustained and rapid fertility decline present a temporary
“window of opportunity” during which the reduced dependency ratio can yield high
rates of growth in per-capita income (Bloom, Canning, and Fink 2011; Bloom et al.
2009; Bloom, Canning, and Sevilla 2003; Bloom and Finlay 2009). This positive effect
derives from the mechanical link between the sizes of the working age and total
populations, increases in labor supply due to higher proportions of women becoming
employed, higher savings rates, higher rates of human capital formation, and, possibly,
from the effect of population aging on capital accumulation via capital deepening. A
number of studies have shown that the decline in the dependency ratio caused by rapid
fertility decline has substantially influenced economic development in East and
Southeast Asia (Bloom, Canning, and Sevilla 2003; Bloom, Canning, and Malaney
2000; Bloom and Finlay 2009; Bloom and Freeman 1986; Bloom, Freeman, and
Korenman 1987; Feng and Mason 2005; Kelley and Schmidt 2001; Mason 2005;
Williamson 2003). These authors stressed the transitory nature of the decrease in the
dependency ratio, and the conditional impact of the dividend.

While the demographic dividend literature focuses on the ratio of the population of
working ages to the rest of the population, in the analysis presented here we recognize
the concomitant fact that the demographic dividend changes the age structure within the
working-age population. We also acknowledge that concurrent changes in education
levels which normally accompany and may even drive the demographic transition also
alter the structure of the labor force, and may thus in turn alter the structure of wages.
While in the literature on the dividend the focus has mainly been on aggregate
outcomes, our concern is with the distribution of economic outcomes within the labor
force, and how these may be affected by its changing composition.

In the following analysis, using the example of Brazil, we contribute to the
literature on demographic change in developing countries, and to the study of labor
demand generally, by including relative cohort size and the shifting structure of
educational attainment of men in a standard Mincerian model. We develop an exercise
similar to the one illustrated by Borjas (2003), who estimated the impact of immigration
on the U.S. labor market. In our case, instead of including the immigration supply in the
estimations, we include information on the male population distributed into age-

® Careful research on the role of changing education and age endowments on wage inequality has been
conducted (Gindling and Robbins 2001), and other studies have examined labor demand by firms in Latin
America (Roberts and Skoufias 1997; Saavedra and Torero 2004) and even for Brazil (Giovanetti and
Menezes-Filho 2006); but no study has considered the impact of demographic change in a complete model of
labor demand.
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education groups in order to verify the effects of the population on earnings. The result
is a set of estimates measuring the impact of age-education group size on workers’
earnings in an economy in which relative supplies of workers are changing rapidly and
differentially across labor markets. Whereas in previous models only age and education
were included as indicator (dummy) variables, these estimates demonstrate the
advantages of adding the effects of demographic and educational compositional
changes on earnings. By obtaining estimates of these compositional effects, we have,
moreover, developed a basis for inferring how future demographic changes and future
changes in the distribution of educational attainment may be expected to alter relative
wages, and thus wage inequality in Brazil in the coming decades.

2. Demographic and educational transitions in Brazil

In Brazil, the shocks that generated subsequent changes in relative labor supply by
cohort began in the early 1960s with a decline in fertility in the metropolitan areas of
Rio de Janeiro, S&o Paulo, and Porto Alegre, which had total fertility rates below five.
From these urban centers, the decline spread to the interior of the Southeastern states in
which these cities were located, as well as to the capital cities of states in the Central-
West, North, and Northeast, finally reaching the interior and rural areas of those regions
in the 1980s. Generally, the earliest transitions in the South and Southeast started from
lower pre-transitional levels of fertility, and took place over four or more decades. By
contrast, the most recent transitions in the North and Northeast started from much
higher pre-transitional levels and were much faster, taking place in as little as two
decades (Potter et al. 2010). The differences in the timing and speed of the fertility
transition led to substantial alterations in age distributions across states and
municipalities, and also to the differential timing of changes in these distributions.

The expansion of Brazilian education was late in starting and still has a long way
to go. This delay in providing education relative to other countries is attributable to a
series of historical factors (Marcilio 2001, 2005). During the colonial period, the
Portuguese authority and the Catholic Church did little to educate the population.
Moreover, the institution of slavery, which did not end until 1888, restricted educational
opportunities for Brazilians, with only a privileged minority having the opportunity to
attend school. At the beginning of the 20th century, almost 70% of Brazilian adults
were illiterate. Even at that late date, the national government exercised no centralized
control over the educational system. It was not until the 1930s that the government
started the process of political centralization and made education a priority. From 1932
to 2001, primary school enrollment increased from 2.2 million to 35.4 million, with
almost all of the younger school-age population enrolled by the late 1990s. The number
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of secondary students expanded from 56,000 in 1932 to 8.4 million in 2001, with much
of that increase taking place in the preceding decade.

Thus, historically, Brazil has lagged behind other counties in the educational
revolution, even compared to other Latin American countries. Unlike elsewhere in the
region, social expenditures in Brazil initially focused on social security and
infrastructure, while expenditures on public education were neglected. Universal
coverage in education was only achieved in Brazil during the last decade of the past
century, while other countries, such as Argentina, had expanded education during the
late 19™ century. For the Brazilian population ages seven to 25, the average number of
years spent in school increased from just four to six between 1986 and 2008 (Rios-Neto
and Guimaraes 2010). Thus, the average number of years spent in education in Brazil is
well below the corresponding figures for the United States (12.5), the United Kingdom
(9.42) and Argentina (8.83). In Latin America, Brazil’s educational attainment is low
compared with its position in per capita GDP (Barro and Lee 2001).

The improvement in school attainment coincides with declines in both family size
and the population ages nine to 11 (Lam and Marteleto 2005). By 1980, the number of
surviving siblings of school-age children (or surviving family size) had decreased in
Brazil, and by 1992 this decline was accompanied by a fall in the absolute number of
school-age children (or a decline in cohort size) (Lam and Marteleto 2008). Thus,
demographic change led to improvements in educational enrolment through the
reduction in family size and the decrease in the number of siblings. These two aspects
reinforced each other in this process. In this study, we look at the effects of both
transitions (demographic and educational) on composition, as well as the influence of
composition on earnings profiles.

3. Data

The longest series on age, education, and earnings come from the Brazilian censuses
conducted in 1960, 1970, 1980, 1991, and 2000. Micro-data from these censuses are
available from long-form questionnaires administered to 25-percent samples in 1960,
1970, and 1980. In 1991 and 2000, the sample sizes depended on the size of the
municipality, with 10-percent samples being used in municipalities with more than
15,000 inhabitants, and 20-percent samples being used in smaller municipalities. In all
cases, there are records for each individual in the sampled households that contain
information on age, gender, marital status, educational attainment, school enrollment,
and, if employed, occupation and earnings. There are also questions on migration,
including state of birth, previous residence, and residence five years before the census.
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The lowest level of geographic identifier on these records common to all censuses
is the municipio, since information on distritos, the sub-divisions of municipios, is not
available in the census micro-data. In previous work Potter, Schmertmann, and
Cavenaghi (2002) established minimum comparable areas that account for the changing
definitions and divisions of municipios across the census years. This is necessary
because the number of divisions increased from approximately 2,300 in 1960 to 5,280
in 2000. These researchers were able to aggregate minimum comparable areas into 502
micro-regions across the five censuses.® It is thus possible to calculate various statistics
summarizing the age distributions, education indicators, and labor market outcomes for
each of these 502 consistently defined areas in each of the five censuses. In the end,
because the 1960 census categorized earnings by bracket, and because more precise
measures of earnings are desirable for estimating our labor demand models, we decided
to exclude data from that year and base the analyses on the censuses beginning in 1970.
Since there is a very pronounced trend in the age distribution, with substantial variation
across regions, states, and municipalities, we seek to take advantage of the opportunity
to examine this change at the micro-region level in this study. But using these very
small geographical units raises the question of internal migration, which has not been
incorporated into most previous analyses undertaken at the national level.” We discuss
this potential bias to our estimates of the labor demand parameters in detail after we
perform the estimation.

4. Creating aggregate-level data

The census micro-data were aggregated to allow for 48 observations for each micro-
region, since age was broken down into four groups and education into three groups,
and four different census years were used (1970, 1980, 1991, and 2000). Throughout
the estimation, we used data only on the male population.8 We created four labor force

® Note that these micro-regions differ from those that are defined by the Brazilian Institute of Geography and
Statistics (IBGE) and are available in the Census microdata, but that they closely approximate those that are
defined for the 1991 Census.

" The migration component could be an important factor in this context, since the main population streams
have been moving from areas with higher fertility to those with lower fertility. While such migration tends to
lessen the differential in fertility between sending and receiving areas, the greater likelihood that migrants will
be of working age actually increases the variation in dependency rates. See Borjas et al. (1997) for a
discussion of the role of internal migration in modifying the impacts of exogenous changes in relative supply
on relative wage rates.

® This is restrictive, but it at least concentrates on a group whose labor force participation is relatively
unresponsive to wages, and thus buttresses our treating quantities as exogenous. We are implicitly assuming
that, in terms of production, it is possible to separate out the inputs of male workers of various types from
other inputs (Grant and Hamermesh 1981).
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age groups: youths (15-24), young adults (25-34), experienced adults (35-49), and
older adults (50-64). The age ranges in the age categories are unequal in order to make
the shares of the workforce in each category somewhat more equal. There is
considerable evidence demonstrating the role of education in defining sub-aggregates of
labor (Hamermesh 1993; Borjas 2003). We thus cross-classify workers by their
educational attainment, basing the classification on Riani (2005), who noted that by
2000 the majority of Brazilians between ages seven and 14 were in school, and large
shares were completing elementary school. Moreover, she found that there was a
decrease in regional, racial, and rural-urban differentials in elementary school
attainment. However, while more people have been attending secondary school, the
proportion of Brazilians who currently have between nine and 12 years of schooling is
still small, and regional differences in the proportions are still substantial. We thus
assigned workers to three main groups: those who completed only the first phase of
elementary school (zero to four years), those who completed some or all of the second
phase of elementary education (five to eight years), and those with at least some
secondary education (nine or more years).

Because of the differences in educational attainment by cohorts, using separate
vectors of indicators for age and education would overlook the rapid change in
educational attainment across cohorts, resulting in multicollinearity among the
variables. By adding indicator variables for age and education separately, we would not
be taking into account the fact that some age groups (cohorts) had more rapid
improvements in educational attainment than other age groups. Accordingly, we
generated a full set of interactions of the four age indicators and the three education
categories, generating 12 indicators of age-education groups. For each of the 12 cells,
for each micro-region, and for each year we calculated mean earnings and the
proportion of men in each age-education group in the workforce. The dependent
variable in all of the models is the logarithm of mean real earnings in a group defined
by micro-region, age-education cell, and year. The nominal amounts recorded for each
census year were corrected using deflators based on January 2002 currency
information.® In order to minimize potential problems of heteroskedasticity, we
excluded cells containing fewer than 25 workers.

We aggregated the micro-data by micro-region, age-education, and year cells. We
were able to estimate mean earnings and the proportion of men in each age-education
group by year and micro-region using frequency weights. Since there are 502 micro-
regions, 12 age-education groups, and four censuses, the maximum number of possible

® To correct for currency changes, wages in 1970 and 1980 were divided by 2,750,000,000,000; and in 1991,
they were divided by 2,750,000, as suggested by Corseuil and Foguel (2002). This correction was followed
by the use of deflators suggested by the same authors. Both the correction for currency changes and the
deflation are done for convenience only. Taking logarithms of wages using nominal or real wages of course
generates the same estimates of the crucial parameters.
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observations in the regressions is 24,096. The requirement that there be at least 25
individuals in a cell meant that we had to exclude some observations. Thus, finally, we
had 19,727 micro-region/year/age/education cell observations that underlie all of the
estimates.

5. Methods

We use regression models to assess how our age and educational composition variables
are associated with local labor earnings, controlled for fixed effects for each micro-
region in each census year, as well as for indicator variables for each age-education
group in each year. However, we start with a simpler equation that omits the
composition variables and replicates Mincer’s framework (Mincer 1974) by estimating
just the impact of experience (age) and education on earnings. We expect to see a
positive impact of age within each education group, as well as a positive impact of
education within each age group. Following Borjas’ notation (2003: 1347), this baseline
model is:
log(Y;,

/rz) =8, tx;+y. +7, +(Si*x_/)+(si*”t)+(x_/*”t)+(yr*”t)+(si*xj*7rt)+gijrf (1)

where log(Yy,,) is the logarithm of the mean real monthly earnings from the main
occupation of the male working-age population who have education i (i=0-4, 5-8, 9+
years of schooling), age j (j=15-24, 25-34, 35-49, 50-64 years of age), and are
observed in micro-region » (r=1,...., 502) at time ¢ (+=1970, 1980, 1991, 2000); s; is a
vector of indicators for the educational attainment of group; x; is a vector of indicators
for the age group; y, is a vector of fixed effects indicating the micro-region; and z, is a
vector of fixed effects indicating the time period. The linear fixed effects in Equation
(1) control for differences in earnings across schooling groups, age groups, micro-
regions, and time. The interaction (s; * x;) controls for the fact that the age profile of
earnings differs across schooling groups. The interactions (s; * z,), (x; * z,), and (y, * 7))
control for the possibility that the impact of education, age, and micro-region changed
over time. The interaction (s; * x; * z;) controls for the variation of the age profile of
earnings by education group and time.

The following equation is similar to the one utilized by Borjas (2003: 1347). Since
we do not have information on actual work experience, we replaced it with age in each
group. Moreover, we did not consider the supply of immigrants in a particular
education group, and instead substituted this vector with the set of independent
variables we were most concerned about in this exercise: the male population
distributed into age-education groups. We then adapted Equation (1) to estimate the
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impact of the own-cohort size on earnings (own-effects). We did this by first
distributing the male population into particular age-education groups as proportional
shares for each micro-region and year (Xj.), and then added this information as
independent variables to the equation. We also allowed the estimated impact of
composition on earnings to vary over time (X;;, * 7,):

log(¥;;.,

+xr )+ () + (X

)=s, +X, 4y, + X +(s,*x/)+(si*7r,)

iirt

*r )+ (s, *x; *m) e )

ijrt ijrt -

Because Equation (2) sets all cross-quantity effects to zero, it is highly restrictive.
In particular, it assumes implicitly that relative changes in age-education distribution
between groups of workers outside of the particular age-education group do not affect
earnings in that group.’® After presenting the parameter estimates, we discuss the
direction of the biases that might be generated by potential departures from exogeneity.

6. Results
6.1 Brazilian male working-age population

As discussed above, the distribution of the population of Brazil by age and education
has been changing rapidly. Table 1 shows the changing distribution of the total male
population between ages 15-64 across the 12 age-education groups between 1970 and
2000. This table illustrates the percentage distribution of the male population by
particular age-education groups for the whole country in each year. Equation (2) is
based on the proportional distribution of the male population in particular age-education
groups for each micro-region and year (Xj,,). The crucial facts worth noting are that (1)
there are sharp declines in the share of workers in each age category in the lowest (zero

10 An approach that allows for the cross-quantity effects that relaxes the restriction on Equation (2), and thus
accords more closely with theory (by explicitly allowing for labor-labor substitution) is a complete system of
inverse labor-demand equations. This model allows for substitution parameters that indicate how a change in
the share of the workforce in one cell alters the wage rates of workers in any other cell. However, in
exploratory work, we found that cross-effects models have almost the same results as those presented here.
The identification strategy implicit in our estimation is that the relative sizes of age-education groups in the
workforce in a particular area are exogenous to firms in that area. Generally, any inter-area differences in
labor demand across time—i.e., within a particular census year or within an area over time—are swept out by
the area-time fixed effects. Clearly, changes in relative wages in each education category may alter decisions
about educational attainment, and even fertility decisions may be affected by changes in the wage structure.
Implicitly we assume throughout that relative supplies of workers classified by age and education are
exogenous to firms within small geographical areas, and that firms bid for workers based on their relative
scarcity.
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to four years) education cell, and this is especially true among the more recent birth
cohorts; and (2) there are general declines in the share of workers in the youngest age
group. Within these broad facts, however, it should be emphasized that the increases in
educational attainment are not the same among all age groups, and that the declines in
the shares of the younger male workforce also differ across education categories. In
sum, at least in the aggregate it is clear that there is substantial within-age (education)
variation in education (age) in the workforce over our sample period.

Table 1: Male population distributed into particular age-education groups, as
percentage shares, Brazil, 1970-2000

Age-education group 1970 1980 1991 2000
15-24 years; 0—4 years of schooling 28.19 20.59 14.61 9.04
15-24 years; 5-8 years of schooling 5.38 10.53 12.09 12.46
15-24 years; 9+ years of schooling 2.74 5.87 5.97 10.24
25-34 years; 0—4 years of schooling 19.71 16.39 12.41 8.82
25-34 years; 5-8 years of schooling 1.98 3.90 6.82 7.63
25-34 years; 9+ years of schooling 2.00 4.77 7.40 8.12
35-49 years; 0-4 years of schooling 22.66 19.02 17.11 13.32
35-49 years; 5-8 years of schooling 1.62 2.39 3.67 6.73
35-49 years; 9+ years of schooling 1.59 2.84 5.54 8.46
50-64 years; 0-4 years of schooling 12.84 11.72 11.49 10.36
50-64 years; 5-8 years of schooling 0.66 0.94 1.16 1.99
50-64 years; 9+ years of schooling 0.63 1.04 1.73 2.83
Total 100.00 100.00 100.00 100.00
Sample size (n) 5,468,939 6,457,351 3,936,080 4,282,888
Population size (N) 25,760,600 32,613,947 43,434,546 53,177,953

Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses.
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There is a clear increase over time in the proportion of young adults with higher
educational attainment (Table 1). At the same time, differences among major regions
(North, Northeast, Southeast, South, and Central-West) are pronounced and persistent
(data not shown). Higher proportions in the education groups with nine or more years of
schooling, especially for men in the 25-34 age group, are observed in the Southeastern,
Southern, and Central-Western areas than in the Northern and Northeastern areas. On
the other hand, the percentage of adults ages 35-49 with zero to four years of schooling
has been decreasing in all regions. There has also been a bigger decline in the
proportion of men in low-educated groups in the Southeastern and Southern areas of
Brazil than in the Northern and Northeastern areas. Of course, the within-micro-region
changes in the relative sizes of age-education cells (not shown, but used to estimate
Equation (2)) exhibit much more heterogeneity, both over time and across areas, than
the changes for the five major regions of Brazil.

Differences in the timing and speed of the education and fertility transitions led to
substantial temporal differences in the education and age distributions across regions,
states, and municipalities. Figure 1 illustrates the distribution of men in the highest
(nine or more years) education cell for 1970, 1980, 1991, and 2000. In addition to
showing the improvement in education, these maps show a large degree of regional
variation in educational attainment. While the North and Northeast regions have lower
proportions of men with nine or more years of schooling, the Southeast, South, and
Central-Western regions have higher proportions of men in this highest education
group.

The dependent variable in our models is the log of the mean real monthly earnings
in the main occupation of men in groups defined by age, education, year, and micro-
region. Figure 2 illustrates the global mean earnings in Brazilian reais for each age-
education group in 2000 for the whole country. Earnings grow with education within an
age group, and they increase with age within an education group. The same pattern is
observed for earnings within the 502 micro-regions.
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Figure 1: Distribution of the male working-age population with 9+ years of
schooling by micro-region and year, Brazil, 1970-2000
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Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses.
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Figure 2: Mean real monthly earnings in Brazilian reais from the main
occupation of the male working-age population by age-education
group, Brazil, 2000*
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* Nominal earnings were converted to base 1 in January 2002, taking into account changes in currency and inflation.
Source: 2000 Brazilian demographic census.

While differentials in earnings are highly influenced by age and years of schooling
(Figure 2), in preliminary analyses (data not shown) these differentials also vary by the
number of people in each age-education group. For instance, when the proportion of
men aged 35-49 with zero to four years of schooling is small in a micro-region, their
earnings are closer to those of men of the same age with more education than they are
in micro-regions with high proportions of men in this age-education group. This pattern
most likely arises because these men are not competing in the labor market as part of a
large group of men of the same age and with the same level of education, which
translates into an increase in their earnings relative to other groups. However, when the
proportion of men in this age-education group is high in the micro-region, they have a
disadvantage in earnings compared with the other groups. The same pattern appears in
the other age groups.

These results encouraged us to expand the study of the labor market effects of
demographic change and educational advances to include composition. However, the
persistent differences in earnings by area and time period suggest that we need to use
models that account for specific local and period factors.
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6.2 Estimating the effects of relative group size on earnings

In Table 2, we present the coefficients and standard errors estimated with the fixed-
effects model that replicates Mincer’s model from Equation (1). In this baseline model,
we interact the indicator variables for age-education groups with each census year.
Thus, the coefficients in the first column are the impacts of age and education on
earnings for 1970 (main effects). The interaction coefficients show the differential
effects in the other years, in comparison to 1970, for each age-education group. The
main effects indicate that within each age category, earnings are higher for those men
with more schooling. For instance, men ages 25-34 with zero to four years of schooling
earned 1.42 (exp(0.35)) times as much as men ages 15-24 with the same education (the
reference category) earned in 1970. In order to verify these effects for the other years,
the interaction terms have to be taken into account. In 2000, young men (25-34) with at
least nine years of schooling earned 3.90 (exp(1.93-0.57)) times as much as the
reference category. The estimates are thus consistent with what we know about age-
earnings profiles and the impact of education on these profiles. Here, as in the
subsequent estimates, the coefficients of the fixed-effects model are highly significant
statistically.
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Table 2: Coefficients and standard errors estimated with the fixed-effects
model from Equation (1) for the logarithm of mean real monthly
earnings from main occupation® as the dependent variable,
Brazil, 1970-2000

Independent variables Coefficients

Constant 533

(0.004)

Main effects Interactions with year
Age-education indicators 1970 1980 1991 2000

15-24 years;
0—4 years of schooling (reference group) T o o o
15-24 years; 0.52 -0.25 -0.21 -0.35
5-8 years of schooling (0.013) (0.018) (0.017) (0.017)
15-24 years; 1.02 -0.24 -0.24 -0.49
9+ years of schooling (0.015) (0.019) (0.019) (0.019)
25-34 years; 0.35 0.10 0.03™  -0.01"™
0-4 years of schooling (0.012) (0.016) (0.016) (0.016)
25-34 years; 1.26 -0.19 -0.39 -0.48
5-8 years of schooling (0.013) (0.018) (0.017) (0.017)
25-34 years; 1.93 -0.22 -0.40 -0.57
9+ years of schooling (0.014) (0.018) (0.018) (0.018)
35-49 years; 0.53 0.13 0.12 0.06
0—-4 years of schooling (0.012) (0.016) (0.016) (0.016)
35-49 years; 1.64 —-0.09 -0.29 -0.49
5-8 years of schooling (0.014) (0.019) (0.018) (0.018)
35-49 years; 2.30 -0.15 -0.21 -0.36
9+ years of schooling (0.015) (0.020) (0.019) (0.019)
50-64 years; 0.54 0.12 0.11 0.14
0—-4 years of schooling (0.012) (0.016) (0.016) (0.016)
50-64 years; 1.79 —-0.09 -0.26 -0.40
5-8 years of schooling (0.016) (0.022) (0.022) (0.021)
50-64 years; 2.35 —-0.08 -0.07 -0.11
9+ years of schooling (0.018) (0.024) (0.024) (0.023)
Number of observations 19,727
Number of groups 2,008
Fraction of variance due to area-time fixed effects 0.81
F (44; 17,675): all coefficients=0 5,538
F (2,007; 17,675): area-time fixed effects=0 25.46

" Non-significant. All other coefficients are significant at least at p<.01.

* Nominal earnings were converted to base 1 in January 2002, taking into account changes in currency and inflation.
Note: Standard errors are reported in parentheses.

Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses.
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Table 3 illustrates the estimated coefficients and standard errors for the second
model, which includes the proportion of men in each age-education group in the
workforce as independent variables (cohort size, relative supply, labor supply, cell
density, or own-quantity effects), and allows them to vary over time by interacting these
proportions with census years (time indicators). As in the previous model, the main
effects show the impact on earnings in 1970. These main effects have to be added to the
interaction terms to allow us to infer the trends. For men in the three age groups (15-24
years, 25-34 years, and 35-49 years) with zero to four years of schooling (the least
educated), the group proportions have positive impacts on earnings in 1970, but these
effects decline over time, as the negative coefficients of year interactions illustrate.
Among all other age-education groups, there are negative impacts of group size on
earnings in the earliest period. However, these negative effects are offset by the positive
interactions throughout time. Indeed, by 2000 the positive coefficients on the
interaction terms nearly offset the negative coefficients on the main effect terms, so that
in the more educated groups the net impact of a change in group proportions is much
reduced. The estimated coefficients on the proportions of men in each age-education
group generally indicate greater negative effects for higher educated workers.

http://www.demographic-research.org 597



Amaral et al.: Age, education, and earnings in the course of Brazilian development

Table 3: Coefficients and standard errors estimated with the fixed-effects
model from Equation (2) for the logarithm of mean real monthly
earnings from main occupation® as the dependent variable, Brazil,
1970-2000

Independent variables Coefficients
Constant (O?(ﬁ?;)

Main effects Interactions with year

Age-education indicators 1970 1980 1991 2000
15-24 years;
0-4 years of schooling (reference group) - - - -
15-24 years; 1.09 -0.39 -0.42 —-0.68
5-8 years of schooling (0.066) (0.082) (0.079) (0.089)
15-24 years; 1.45 -0.32 -0.39 -0.79
9+ years of schooling (0.065) (0.078) (0.074) (0.072)
25-34 years; 0.45 0.07™ 0.07™ -0.04"
0-4 years of schooling (0.090) (0.112) (0.099) (0.095)
25-34 years; 1.70 -0.33 -0.54 -0.71
5-8 years of schooling (0.064) (0.079) (0.074) (0.074)
25-34 years; 2.34 -0.37 —-0.63 -0.95
9+ years of schooling (0.064) (0.077) (0.072) (0.070)

35-49 years; 0.63 0.33 0.28"™ 0.16"™

0-4 years of schooling (0.137) (0.161) (0.154) (0.146)

35-49 years; 2.01 -0.19 -0.39 —-0.68

5-8 years of schooling (0.064) (0.078) (0.073) (0.071)
35-49 years; 2.63 -0.31 -0.38 -0.67
9+ years of schooling (0.063) (0.076) (0.071) (0.069)
50-64 years; 0.96 0.11™ -0.19"™ -0.16"™
0-4 years of schooling (0.083) (0.103) (0.101) (0.095)
50-64 years; 212 -0.23 -0.39 —-0.68
5-8 years of schooling (0.066) (0.080) (0.077) (0.074)
50-64 years; 261 -0.24 -0.23 —-0.42
9+ years of schooling (0.066) (0.080) (0.075) (0.072)
Main effects Interactions with year
Proportions in age-education groups 1970 1980 1991 2000
15-24 years; 0.75 -0.28" -0.28"™ -0.84
0-4 years of schooling (0.181) (0.226) (0.213) (0.214)
15-24 years; -7.23 3.58 4.66 5.20
5-8 years of schooling (0.470) (0.543) (0.548) (0.652)

15-24 years; —8.49 2.76 4.13 6.66

9+ years of schooling (0.805) (0.899) (0.934) (0.849)

25-34 years; 0.70™ -0.43" -1.03 -1.33

0-4 years of schooling (0.367) (0.511) (0.456) (0.432)

25-34 years; —-14.40 7.79 10.89 11.04

5-8 years of schooling (1.220) (1.401) (1.279) (1.291)

25-34 years; -12.36 7.68 10.76 11.78

9+ years of schooling (1.134) (1.248) (1.193) (1.187)

35-49 years; 0.63"™ -1.38 -1.43 -1.86

0-4 years of schooling (0.537) (0.664) (0.642) (0.608)

35-49 years; -13.22 2.46™ 6.30 9.56

5-8 years of schooling (1.529) (1.923) (1.696) (1.577)

35-49 years; -10.58 6.86 8.24 9.89

9+ years of schooling (1.493) (1.727) (1.563) (1.523)
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Table 3: (Continued)

Independent variables Coefficients
50-64 years; -1.31 -0.83"™ 1.05™ 0.27™
0-4 years of schooling (0.434) (0.594) (0.592) (0.558)
50-64 years; -23.51 9.60™ 10.25 19.88
5-8 years of schooling (4.258) (5.325) (5.130) (4.526)
50-64 years; -14.32 11.18 1191 15.45
9+ years of schooling (4.592) (5.369) (4.890) (4.681)
Number of observations 19,727
Number of groups 2,008
Fraction of variance due to area-time fixed effects 0.86
F (92; 17,627): all coefficients=0 2,902
F (2,007; 17,627): area-time fixed effects=0 18.80

"S Non-significant. All other coefficients are significant at least at p<.05.

* Nominal earnings were converted to base 1 in January 2002, taking into account changes in currency and inflation.
Note: Standard errors are reported in parentheses.

Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses.

In order to better understand the estimates, we calculate elasticities to demonstrate
the impact of age-education proportions on earnings. Elasticity describes the
relationship between two variables, and is defined as the ratio of the percentage change
in a dependent variable to a percentage change in an independent variable. For example,
an elasticity of —2 means that an increase by 1% in the independent variable leads to a
decrease of 2% in the dependent variable. Thus, elasticity is a measure of
responsiveness, and can be calculated for any two related variables. Table 4 presents
elasticities that were calculated as the product of age-education proportions coefficients
(Table 3) and the distribution of men by age-education groups over time (Table 1). For
1980, 1991, and 2000, we added the main effect coefficient (1970 census) to the
interaction term for each census (Table 3) before multiplying by the distribution of men
by age-education groups and year (Table 1).
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Table 4: Effects of proportion of male working-age population by age-
education groups (factor-price elasticities) on mean real monthly
earnings from main occupation® (dependent variable), based on
Equation (2) (Table 3), using the national age-education distribution
(Table 1), Brazil, 1970-2000

Age-education groups Elasticities
9 group 1970 1980 1991 2000

15-24 years;
0-4 years of schooling 0.211 0.097 0.069 —0.008
15-24 years; _ 0389  -0.384  -0311  -0.253
5-8 years of schooling
15-24years; 0233  -0336  -0260  -0.187
9+ years of schooling
25-34 years;
0—4 years of schooling 0.138 0.044 —0.041 —0.056
25-34 years; _ 0285  -0.258  -0.239  —-0.256
5-8 years of schooling
25-34years; 0247  -0223  -0118  —-0.047
9+ years of schooling
35-49 years;
0—4 years of schooling 0.143 —0.143 —0.137 —0.164
35-49 years; _ 0214  —0.257  -0.254  —-0.246
5-8 years of schooling
35-49years; 0168  -0.106  -0130  -0.058
9+ years of schooling
50-64 years;
0—4 years of schooling —0.168 —0.251 —0.030 —0.108
50-64 years; _ 0153  -0131  -0.154  —0.072
5-8 years of schooling
S0-64years; 0089  -0.033  —-0.041 0.032
9+ years of schooling
Standard deviation 0.188 0.148 0.114 0.100

* Nominal earnings were converted to base 1 in January 2002, taking into account changes in currency and inflation.
Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses.
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Among the least-educated workers for three age groups (15-24 years, 25-34 years,
and 35-49 years), the elasticities start out as positive in 1970, but become negative over
time. This result means that the greater proportion of men with between zero and four
years of schooling (Table 1) generated positive effects on their earnings in previous
decades. However, the proportions of the least-educated men have had negative effects
on their earnings (Table 4) in recent years, even with lower shares in the population
(Table 1). These estimates might suggest that the Brazilian labor market has not needed
as many men with low levels of education in recent years as it did in previous decades.
This result is especially interesting, and might be explained by the increasing openness
of the economy. The exposure to competition from manufactured goods produced using
low-skilled and cheap labor could be reducing the demand for the least-educated
Brazilians in the labor market. For men ages 50-64 with zero to four years of schooling,
elasticities were already negative in 1970, and were moving toward zero in 1991.

Table 4 also shows that the elasticities are more negative among age-education
groups with more education (five to eight years of schooling and at least nine years of
schooling) in 1970, except for the 50-64 age group. Moreover, as is suggested by the
coefficient estimates presented in Table 3, these effects are becoming less negative over
time among the groups with higher levels of education. For instance, an increase of
10% in the number of men ages 25-34 with nine or more years of schooling would
have reduced their earnings by 2.5% (-0.247) in 1970 and by 0.5% in 2000. We also
observe this clear decline in the magnitude (toward zero) of these elasticities over time
for men ages 35-49 years with nine or more years of education. For men ages 15-24
years with nine or more years of schooling, there was a decline after 1980. For those
ages 50-64 with five to eight years of schooling, elasticities declined in 2000. For men
in three age groups with five to eight years of schooling (15-24 years, 25-34 years, and
35-49 years), the impact was strongly negative from 1970 through 2000. As can be
seen in Table 4, an increase of 10% in the number of people ages 15 to 24 with five to
eight years of schooling would have reduced their earnings by 3.9% (-0.389) in 1970
and 2.5% in 2000. Among young men (ages 25-34) with five to eight years of
schooling, the impact on earnings declined from —-2.9% in 1970 to -2.6% in 2000.
Among experienced adults (ages 35-49) with five to eight years of schooling, the
elasticities increased slightly, from —2.1% in 1970 to —2.5% in 2000.

Overall, the results indicate that relative changes in the labor supply (group
proportions) have been having less of an impact on relative wages than they did at the
start of our sample period. It should be noted that the dispersion of the elasticities was
less in 2000 than in 1970 (last row of Table 4). Among the possible reasons for the
decline through time in the impact of the size of the highest educational attainment
groups are technological shifts and an increasing demand for skilled labor. Similarly,
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the elasticities for the groups with zero to four years of education may be indicative of a
low demand for labor without either education or experience.

The estimates in Table 4 go beyond the preceding literature by including the age-
education cell sizes (proportion of men in each age-education group, cohort size,
relative supply, labor supply, cell density, or own-quantity effects). The central question
in evaluating this exercise is: Would it make a difference if we examined wage changes
without accounting for changes in the relative sizes of the age-education cells? In other
words, does using a formal labor-demand approach produce better results than could be
obtained by just describing changes in the structure of wages using age and education
indicators? Equation (1) effectively has wages determined by age-education indicators
only, taking into account area-time fixed effects (Table 2). Unsurprisingly, the
coefficients on the age-education indicators do not differ greatly from those presented
in Table 3.

To answer the central question above, we can compare the relative predictive
performances of the estimates from the formal demand model of Equation (2), in Table
3; to those of the estimates of the standard model, which includes all of the area-time
fixed effects and time-varying age-education indicators, of Equation (1), in Table 2.
Obviously, there are many ways to make this comparison, but we may want to start
with the following question: For each year and each age-education cell, what can be
gained by our new approach of adding the cell-density (group proportion), which is
included in the estimates presented in Table 3? We make this comparison for each year
and age-education group by: (a) estimating the absolute prediction errors (predicted
earnings minus observed earnings) for each micro-region, year, and age-education
group, based on the estimates of Equation (1) (Table 2) and Equation (2) (Table 3); (b)
taking the average value across all 502 micro-regions of the absolute prediction errors
for each year and age-education group, based on the estimates of Tables 2 and 3; and
(c) calculating the ratio of the average absolute deviations of prediction errors from
Equation (2) to the average absolute deviations of prediction errors from Equation (1)
for each year and age-education group. The 48 ratios (four years and 12 age-education
groups) of average absolute deviations of prediction errors from Equation (2) to average
absolute deviations from Equation (1) equal one if the two absolute deviations are
equal, more than one if Equation (2) performs worse than Equation (1), and below one
if Equation (2) is better than the baseline.

Table 5 illustrates the comparisons between predictions of Equations (1) and (2).
Most of the ratios are below one unit; the labor-demand model of Equation (2)
generally performs better than the atheoretic model of Equation (1). The average ratio
across all year-age-education cells is 0.94.*

™ For 34 of the 48 age-education-year cells, the ratio from Equation (2) to Equation (1) is below unity in
Table 5. Moreover, if we square the average absolute deviations and average them, as might be sensible if we
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Table 5: Ratios of average absolute deviations of prediction errors from
Equation (2) to average absolute deviations of prediction errors from
Equation (1), Brazil, 1970-2000

Age-education groups Ratios
9 group 1970 1980 1991 2000

15-24 years, . 0.985 0.964 0.990 0.982
0—4 years of schooling

15-24 years, . 0.861 0.871 0.976 1.037
5-8 years of schooling

15-24 years; 0.920 0.860 0.976 0.973
9+ years of schooling

25-34 years, . 0.859 0.849 0.870 0.895
0-4 years of schooling

25-34 years, . 0.919 0.990 0.996 0.909
5-8 years of schooling

25-34years; 0.965 1.035 1.026 1.018
9+ years of schooling

35-49 years, . 0.774 0.808 0.801 0.884
0—4 years of schooling

3549 years, . 0.954 0.973 0.957 0.879
5-8 years of schooling

5-a9years; 1.007 1.058 1.025 1.014
9+ years of schooling

50-64 years; . 0.776 0.850 0.853 0.932
0—4 years of schooling

50-64 years; . 1.008 1.000 1.014 0.995
5-8 years of schooling

S0-bayears; 0.956 1.004 1.031 1.004
9+ years of schooling

Average 0.915 0.938 0.960 0.960

Sources: 1970, 1980, 1991, and 2000 Brazilian demographic censuses and Tables 2 and 3.

In some senses, this suggests there is a substantial gain to specifying the formal
model, as the standard model in Table 2 is itself very heavily specified because it
includes area-year fixed effects. Thus, Equation (1) accounts for a substantial amount of
the variation in average monthly earnings in this sample. In sum, accounting for area
and time differences in changes in age-education group proportions adds substantially
to the ability to track changes in relative earnings.'? The comparisons in Table 5 also

assume a quadratic loss function over prediction errors, the improvement looks even greater (this squared
average equals 0.90, compared to the absolute average of 0.94).

2 Using a model that includes all the area-time fixed effects and indicator variables for each age-education
cell (not allowing for time-varying age-education indicators), for 41 of the 48 cells the ratio from Equation (2)
to this model is below unity. The ratio of average absolute deviations across all cells is 0.83. The squared
average equals 0.71. Using a model with only the 2007 area-time fixed effects and making these same
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demonstrate that, generally, the biggest gain from specifying a labor-demand model lies
in the prediction of earnings of the least-educated workers. Except for the 15-24-year-
olds, the improvement in predictive power using the labor-demand model is greatest for
the group with zero to four years of schooling. The gains to the labor-demand model are
generally a bit smaller in 2000 than in 1970. This is a consequence of the relative
decline in the effects of population shares on monthly earnings (elasticities moving
toward zero over time) that occurred in many age-education cells (Table 4).

6.3 Robustness considerations

Taking into account age and educational composition, in addition to the direct impact of
age and education, makes a sizeable difference in the estimation of the earnings profiles
of Brazilian workers. But are the elasticities calculated from our models unbiased
estimates of the effect of cohort size? Inter-micro-regional migration is perhaps the
most important issue, since internal population flows are influenced by the availability
of jobs and levels of earnings in the sending and receiving areas. Assuming migrants
respond to relative wage differentials, endogenous migration may bias the estimated
negative effects on wages toward zero, which implies that our estimates understate the
absolute values of the effects™. In addition, the parameter estimates could be biased if,
within micro-regions, young people attain more schooling when the returns to education
increase as more educated labor becomes relatively scarce. However, like the bias
introduced by endogenous migration, endogenous education would also reduce the
absolute values of the (negative) estimated parameters. Another potential difficulty
might arise from our implicit assumption that the sub-aggregates of male labor are
separable in production from those of female labor. We are not sure what the direction
of any such bias might be, but preliminary explorations suggest that it is small.**

comparisons, we see that the average ratio from Equation (2) to this reduced model would only be 0.29 (all
ratios below unity), and that the squared average would be 0.11.

¥ An exercise was conducted in order to test the influence of internal migration flows in our models. A
methodological approach was developed by integrating gravitational models (Stillwell 2009) and
mathematical equations (Rogers and Castro 1981). The findings follow the initial hypothesis, which stated
that, by controlling for migration flows, the negative impact of cohort size on earnings would be even more
negative than estimates that did not take into account population flows. Adding migration to the models
would then result in even stronger results for the age-education group proportions, meaning that we would
understate the importance of our approach in terms of the gains it offers in the ability to track changing wage
inequality.

 We have the same census information for each micro-region on the age-education structure of the female
workforce as we do for the male workforce. However, the distributions of female workers by age and
education are highly correlated with those of male workers. Where or when the male workforce are older, the
female workforce are too; where or when the men are better educated, the women are too. The extent to
which excluding quantities of female workers from the equations biases the estimated own-quantity factor-
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7. Conclusions

In this study we have tackled an old question, but in a different context and with a
different way of extracting lessons from the data. Interesting and important results
concerning the effects of shifts in the age distribution of the working-age population
have been obtained by a series of authors who looked at this question in the context of
the effect of the baby boom generation on the earnings of different cohorts in the U.S.
But this issue has received little attention in the countries of Asia and Latin America,
which are now experiencing substantial shifts in their age distributions due to large and
rapid declines in fertility. In these countries, the shifts in the age distribution have also
been accompanied by dramatic increases in educational attainment, which might be
expected to alter earnings distributions. A major difference between the U.S. and Latin
American countries, such as Brazil, is the magnitude of regional differences in the
timing of both the educational and the demographic transitions. These changes were
fairly homogeneous across American states, but have varied enormously across
different geographical areas in Brazil. This heterogeneity both motivates and enhances
the value of our microeconomic geographical approach to the problem.

Our main result is simply that relative group size matters. The proportion of the
male population in age-education groups has a negative impact on earnings, mainly for
workers with higher levels of education. The potential for biases induced by a number
of effects for which we could not adjust means that, if anything, the true effects of
changing relative quantities are larger in absolute value than our estimates suggest. The
results imply that workers classified by age-education group are not perfect substitutes
in the labor market, as a larger cohort-education size generally depresses earnings.
Moreover, the effects seem to be more pronounced for workers under age 50 in the
middle education group, who have become a much larger part of the workforce in the
past 30 years. In addition, while there may have been shifts in relative demand over the
30-year time span we have examined, they do not—unlike in the United States—appear
to have been large enough to completely offset the negative effects of variations in
cohort size (proportion of men in age-education groups) on earnings. Our confidence in
the estimates is heightened by our inclusion of area-time fixed effects, which account

price elasticities for male workers depends on both of these positive correlations and on the
substitution/complementarity relationships between male and female workers within and across age-education
categories. Since there is no evidence on these latter correlations, the direction of this possible bias is,
ultimately, an empirical issue. We did attempt to examine this question by adding the relative proportions of
women to a re-estimation of Equation (2). Not surprisingly, as we expected, the high positive correlations
between the male and female distributions across the age-education categories within areas caused the
standard errors to increase greatly, although the estimated elasticities did not change greatly. We also
estimated another set of models, adding female age-education composition only for those who had a position
in the labor market. The general results were not different from those of previous estimates.
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for any demand shocks specific to a place and time, and put the burden of identification
on within-area changes in relative supply over time.
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