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the large sample size sf the 

sizes whik m~~~tain~ng relatively fine detaii in cohort histories.2 We use this 
resentative sample to infer the schooling histories cr birth 
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Table 1 

Years of completed sehoohng for three-year agcz groups - 

be Birth Sample coeff. Of 
group cohort sire 
111 123 __l_l--_.-. -“-.~- __.- ..- .--- 
22-?4 1951-63 
25-27 1958-M 
28--M 1955-57 
41-33 1952-54 ~0,622 5.77 
34-36 1949-51 
37-19 1946-48 
40-42 1943-45 
43-45 1940-42 
4b-48 1937-39 
43-51 1934-36 
sz-$3 1931-33 
5s 57 19X-30 
58-60 1922-27 4.099 3.05 14.03 i.23 37.3 37 7 111.3 7.7 

22-60 1925-63 107.431 4.98 19.11 0.8ii 19.6 59.3 _ 77 *s 3 I6.S 
^_ ____ . . ~.._ ___“. .._._. .*. _.___ ^-_ . - ..-. - 
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grouped data to estimate the standard deviation for each population. 
Although these numbers are only roughly comparable to ours, since they 
apply to the entire labor force rather than to specific cohorts, and since they 
are based on categorical frequency distributions rather than the single-year of 
schooling data we use, it is possible to compare changes over ten- to twenty- 
year intervals in means, standard deviations, and coefficients of variation. 
Among these twenty countries, Brazil has one of the largest increases in 
mean schooling, both absolutely and proportionately, with somewhat slower 
growth than that of Korea, but faster growth than most other Asian 
countries and most Latin American countries. In all twenty countries mean 
schooling rose at a faster rate than the standard deviation, implying 
reductions in mean-adjusted inequality in schooling in all cases.6 

One important component of the rising mean in the years of schooling in 
Brazil is the falling proportion with zero years of completed schooling, 
shown in column (7) of table 1. The percentage of malts with no schooling 
has declined steadily, falling from 37 percent For the 1925-27 cohort to under 
12 percent for the 1961-63 cohort. Columns (8), (9), and (10) of table 1 show 
other important points in the cumulative distribution. The proportion with 
at least four years has increased from 38 percent to 73 percent, the 
proportion with at least eight years (completion of primary school) has 
increased from 12 percent to 38 percent, and the prop~,r+rr with at least 
eleven years (completion of high school), has increased from 8 percent to 20 
percent. The fact that the proportion with high school education appears tc 
have declined for the most recent coho rts suggests that incomplete schooling 
may complicate results for the younger cohorts, an issue discussed further 
below. 

A more complete picture of the changes in the distribution of schooling is 
provided by comparing the single year frequency distributions for three 
particular cohorts: 1925-27, the oldest cohort in table 1; 1949-51, the cohort 
with the highest variance in schooling; and 1961-63, the youngest cohort in 
table 1. Fig. 2 plots the frequency distribution of years of schooling for these 
three cohoris. The basic shapes of these densities are quite similar, with 
peaks at zero, four, eight, and eleven years, consistent with completion of 
ievels of the Brazilian schooling system. The most striking difference between 
the oldest and youngest cohorts is the sharp decline in the proportion with 

6Ram (1990) uses the standard deviation as his measure of schooling inequality, rejecting 
mean-adjusted measures such as the coefident variation because, among other reasons, they do 
not equal zero when the mean is zero. Ram’s ctitPr.islll is an odd one, since mos: ine.q::z!ity 
measures satisfying standard axioms will violate it. We usI. the variance of schooling in our 
decompositions of earnings inequality below. but follow :he conventional literature on income 
inequality bg maintaining the conceptual distinction between changes in means and changes in 
mean-adjusted dispersion, using thr. term ‘inequality’ to refer to measures that are independent 
of the mean. We also follow previous iiteratw,e on schwiing inequality, such as the classic study 
by Jencks (19’121, who uses the coefficient of variation as a measure of schooling inequality. 
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Fis. ? F~cqr.wncy di~lrihuti2n, , wars of completed schoding: 1925-21, !?49-51, zcii :96! -K! 
birth cohorts, Brazilian males, PNAD 1985. 

zero schooling. The proportion earning exactly four years is remarkably 
constant across the three cohorts. This should not be interpreted as 
indicating inertia in the distribution of schooling, however. Fig. 2 demon- 
strates that all levels of schooling under four years have become less 
prevalent over time while levels of schooling over four years have become 
more prevalent, with four years being roughly the point at which the 
densities intersect. 

The cumulative schooling distributions implied by the densities in fig. 2, 
and shown in the last four columns of table 1, come very close to indicating 
first-order stochastic dominance in the distributions eve; 
that would be implied if the cumulative distributions d 
instructive way to interpret these distributions is to imagine utility 
a function of years of schoohng: U(S). Given 
function j V(S) f (5’) dS, first-order stochastic dom 
welfare for any function V(S) that is increasing in S. 

ominance wouid 
iguously imgrov 
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order stochastic dominance, V. fiIsyll lrrhioh would imply higher social welfare for any 
concave function U(S) [see -41=E-l +t%on (1970), Kakwani (1980), Shorrocks 
(1983), and Lam (1988)]. As can be seen from the last four columns of table 
1, there is close to unambiguou; improvement in the schooling distributions 
by the criterion of first-order stochastic dominance for every cohort in 
comparison to the cohorts preceding it. 

The cumulative distributions imply unanl&guous improvements in the 
distribution of schooling across cohorts of Brazilian males, using the same 
criteria of stotchastic dominance used for comparing non-mean-adjusted 
income distributions [Shorrocks (1483)]. Much of this improvement results 
from increases in the mean. In comparing income distributions, it is standard 
practice to also consider mean-adjusted measures of dispersion which 
abstract from the mean level of income. In the same spirit, it is instructive to 
consider whether inequality in schooling, abstracting from the mean, has 
declined over time in Brazil. We have already seen that one standard 
inequality measure, the coefficient of variation, does in fact decline steadily 
over the period we consider. A more complete comparison can be made by 
analyzing Lorenz curves for the distribution of schooling, defined - analo- 
gously to Lorenz curves for income - as the cumulative proportion of years 
of schooling plotted against the cumulative proportion of the population. 

Fig. 3 she-.vs ?.,~enz curves for years of schooling for the same three 
cohorts analyzed above. The figure shows that the Lorenz curve for 
schooling shifts unambiguously upward over time, implying unambiguous 
improvements in schooling equality. For example, the least educated fifty 
percent of the porlllation in the 1925-27 birth cohort had less than eight 
percent of the ti; isi years of schooling of that cohort. For the 1961-63 birth 
cohort, the least educated fifty percent had 23 percent of the total years of 
schooiing. The LUICII~ C:iiiWS indicate that the share ti;if years of schooling 
accounted for by those at the bottom of the distribution has risen steadily 
over time. 

Analysis of Lorenz curves for the distribution of schooling is unusual, but 
it follows naturally from any analysis of schooling inequality.’ To interpret 
these Lorenz curves, consider the relationship between Lorenz curves for the 
distribution of schooling and Lorenz curves for the distribution of income. 
From the literature on Lorenz curves and social welfare we know that 
Lorenz dominance in inccrme implies higher social wellare for any concave 
utility function, abstracting from changes in the mean [Atkinson (1970), 
Shorrocks (1983)]. Mapping from schooling to utility through income, 
b/C Y(S)], Lorenz dominance in schooling implies unambiguously higher 

‘Jencks et al. (1972). in fact, presents what amount to points on Lorenz curves for schooling 
across birth cohorts in his classic study of schooling inequality and earnings inequality in the 
t_Jni!ed Sates 
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Cumulative Percent Population 

Fig. 3. Lorenz curves, years of completed schooling: 192527, i949-51, and 196143 birth 
cohorts, Brazilian males, PNAD 1985. 

social welfare, even with no increase in mean schooling, if utility is a concave 
function of schooling. Suffkient (but not necessary) conditions for utility to 
be a concave function of schooling are (i) that income is a concave function 
of schooling and (ii) that utility is a concave function of income. While these 
conditions sound plausible at first, it is noteworthy that income is actually a 
conuex function of income in the most standard representation, the conven- 
tional log-linear human capital earnings equation: In Y= a+/X!C An impli- 
cation of this functional relationship is that we may observe an unambi- 
guously more equal distribution of schooling, as indicated by Lorenz 
dominance in schooling distributions, accompanied by an unambiguously 
less equal distribution of earrungs, as indicated by Lorenz curves for 
earnings, even if schoohng completely determines earnings. 
below that the unambiguous improvements in mean-adjuste 
schooling in Brazil d not necessarily i ly improvements 
tion of earnings in zil during the peri in which the sari 
schooling was increasing. 

3. 
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expected to have important implications for the distribution of earnings. The 
link between schooling and the distribution of income has been emphasized 
in the literature on income inequality. Predictions based on a human capital 
model were made by Becker and Chiswick (1966) and Chiswick (1971), 
including a prediction that decreasing inequality in schooling would lead to 
decreasing inequality in earnings. Empirical tests based on cross-national 
data provide mixed evidence. * Winegarden (1979) found mean schooling 
negatively associated with income inequality, and the variance of schooling 
posfiively associated with income inequality based on data for 32 countries. 
Ram (1984) found only marginally significant effects based on data for 28 
countries, with the variance of schooling having an equalizing, rather than 
discqualizing, effect. As emphasized by Knight and Sabot (1987), rising mean 
levels of education can in principle either increase or decrease earnings 
inequality, depending on the specific changes in different levels of schooling 
and on the relationship between schooling and earnings. As we will see 
below in the case of a human capital earnings equation, it is possible to 
generate decreases in inequality in schooling simultaneously with increases in 
inequality in earnings. 

One natural way to link the distribution of schooling to the distribution of 
earnings is in the context of a simple conventional earnings equation, 

In l~=O!+~Si+Ui, (1) 

where In x is the natural logarithm of the ith individual’s labor earnings, Si is 
the ith individual’s year of schooling, and Ui is a &dual representing all 
other determinants of the ith individual’s earnings, We omit experience from 
the earnings equation, since for narrow age groups a standard experience 
proxy will be almost perfectly correlated with years of schooling. Eq. (1) can 
be thought of simply as an empirically appropriate functional form or can be 
motivated by a huma.n capital? model of earnings, as in Mincer (1974). 
Whatever the motivation, specifyf:lg eq. (1) in the conventional semi-log form 
means that it provides an analytically simple decomposition of the variance 
of log earnings, a standard measure of inequality.’ 

Assuming that ~11 and ,!I represent constants across the population, the 
variance of log earnings V(lrr Y) implied by eq. (1) is 

V( In Y) = /Vi V(S) + V( 11) + 2/?C( S, u), (2) 

‘See Tilak (1989) for a recent survey of this literature. 
91n addition to the fact that use of the variance in log earnings follows naturally from the 

human capital earnings equation. it is 3 u.ide!y USA! inequa!i:; mctiaure. li suiiafics most 
standzrd axioms for inequality measures, and among the class of conventional measures gives 
relativeiy more weight to the bottom of the distribution [see K;ikwa~~l (1980), and Atkinson 
(1970)]. 
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where V(S) is the variance in years of schooling, V(U) is the variance in 
components of earnings uncorrelated with schooling, and C(S,u) is the 
covariance between schooling and variables omitted from the earnings 
equation. 

According to eq. (2), the variance of years of schooling is a fundamental 
determinant of the variance in log earnings. If schooling is uncorrelated with 
other determinants of earnings not included in the simple earnings eq. (I), 
then changes in the variance of schooling lead directly to changes in earnings 
inequality by a factor that is the square of returns to schooling. If returns to 
schooling are constant and ‘residual variance’ is constant, then earnings 
inequality, as measured by the log variance, is simply a linear function of the 
variance in years of schooling. 

Eq. (2) implies that it is possible for earnings inequality to increase at the 
same time that schooling inequality is declining. Accordiug to the equation, 
inequality in earnings is a function only of the variance in years of schooling, 
with no independent effect of mean schooling. But inequality in schooling, as 
conventionally defined, is a function of both the variance and the mean. If 
the variance in schooling rises while the coefficient of variation in schooling 
falls, then we will observe an increase in earnings inequality at the same time 
as a decrease in schooling inequality. This is exactly the situation that applies 
to cohorts of Brazilian males born between 1925 and 1951. Although 
successive cohorts had declining inequality in schooling by all mean adjusted 
measures of inequality, we would expect the m to have increasing earnings 
inequality because of the increase in the variance in schooling over this 
pericd. For cohorts born after %95 1 both mean-adjusted inequality in 
schooling and the variance in schooling declined, implying declining inequa- 
lity in earnings. 

We will use eq. (1) as the basis for analyzing the relationship between the 
distribution of schooling and the distribution of earnings.. We will adopt a 
human capital interpretation of eq. ( 1)5 but recognize that the estimate of fi 
may capture effects other than strictly private returns tc schooling. Correla- 
tions between schooling and omitted variables will not only affect interpre- 
tation of the coeficient on schooling, but imply that the final term in eq. (2) 
cannot be ignored in decomposing the variance of log earnings. C 
the distribution of schooling may in such a case affect the varia 
earnings not only through the ‘explained variance’, 
‘unexplained variance’. 

Although our primary interest is not in estimates OF ret 
per se, the appropriateness of the specification of earnir 
the interpretation of our results. If returns to schooling 
example, then the varlarrce in 1 s will depend QE :?I! P?= SnrrrsJerats ra -1 .*.V.nl?#.SLU v 
the schooling distributi riance. If a qIjla6iatk te 
in the earnings equatio 
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‘explained variance’ from estimation of eq. (1) as capturing all effects of the 
distribution of schooling. While the explained variance captures all effects on 
income that are correlated with schooling, it will not capture higher-order 
effects that would show up, for example, as correlations between income and 
schooling squared. We use the specification in eq. (2) because it provides an 
analytically simple decomposition of age-specific inequality. The addition of 
simply a quadratic schooling term, for example, would add two additional 
components to the decomposition, one depending on the kurtosis of the 
schooling distribution, and one depending on the skewness. While such a 
decomposition might be instructive, we believe the linear decomposition 
captures the most important components of the relationship between school- 
ing inequality and earnings inequality.” 

An additional assumption implicit in our irttrrpretation of the decompo- 
sition in eq. (2) is that there are constant returns to schoo!ing within any 
cohort. We thus omit one of the determinants of earnings inequality in the 
theoretical decomposition of Becker and Chiswick (1966) and Chiswick 
(1971), the variance in returns to schooling. Given variance in returns to 
schooling, a rising mean level of schooling will tend to increase earnings 

.inequality even if the variance in years of schooling is constant. Our results 
shouid also bc qualified by well-known warnings that the coefficient on 
tschooling includes the effects of many omitted variables correlated with 
schooling. It is often argued that in Brazil, as in many developing countries, 
h[gh levels of schooling are more concentrated among the children of 
wealthy families than they are in the U.S., so that schooling may partly serve 
as ,l proxy for status and family connections. Identifying the precise meaning 
of the strong association between schooling and earnings in Brazil is beyond 
the scope of this paper, but we note that caution should be used in applying 
a strict human capital interpretation to the results.” 

4. Earnings equations and the decomposition of earnings inequality, 1985 

In ord\:r to analyze the relationship between the distribution of schooling 
and the distribution of earnings fog- the cohorts discussed above we present 
estimates of earnings eq. (I) for separate three-year age groups of Brazilian 

“As will be demonstrated below in discussing the robustness of our results, the simple linear 
specification is in fact a surprisingly good fit for the separate three-year age groups we use for 
oue regressions. 

“We also recognize that we are abstracting from many historical and institutional determi- 
nants of inequality, particularly in regard to the large regional variations in inequality in Brazil. 
We have repeated our analysis for separate regions 0:’ Brazil and for rural and urban 
These results are reported in Lam and Levison (1989) and are summarized briefly beloti. 

samples. 
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Table 2 

Monthly labor earnings by years of age: Descriptive statistics and age-specific earnings 
equations, Brazilian males with positive earnings, f?S5 Ph;AD.’ 

___ 

Mean Mean Variance Age-specific earnings equation 

Age Birth Sample earnings log fog 
group cohort size (x.000) earnings earnings /I Std. err. R2 V(u) S’ w 
(1) (2) (3) (4) (51 (61 (7) (8) (91 (10) (11) -__ 
22-24 1961-63 11,689 801 13.25 0.638 0.296 0.449 0.189 
25-27 1955-60 11,763 1,080 13.48 0.773 0.126 0.0015 0.366 0.490 0.283 
28-30 1955-57 10,956 1,330 13.65 0.865 0.135 0.0016 0.406 0.514 0.352 
31-33 1952-54 10,022 1,572 13.75 0.987 0.147 0.0016 045s 0.538 0.449 
34-36 1949-5 1 9,152 1,666 13.76 1.066 0.155 0.0017 0.478 0.556 0.509 
37--39 t946-48 7.919 1.781 137g 1126 0158 nck719 0.469 0.598 11.528 
40-42 194345 7,157 1.708 13.75 1.103 0.163 0.0028 0.469 0.585 0.518 
4345 194042 6,565 1,639 13.70 1.095 0.164 0.0023 0.445 0.608 0.487 
46-48 1937-39 5,497 1,664 13.67 1.114 0.164 0.0026 C.416 E.65i 0.463 
a.-. c. l P.-, 
*Y-d 1 1 >J-V :6 4,788 1,584 13.64 1.122 0.164 0.0029 0.401 0.673 0.450 
52-54 1931-33 3,982 1,542 13.59 1.097 0.165 0.0033 0.388 2,672 0.425 
55-57 1928-30 3,463 1.352 13.47 1.107 0.160 0.0038 0.343 0.727 0.380 
58-60 1925-27 2,841 1,334 13.38 1.156 0.171 0.0045 0.341 0.762 0.394 

22-60 1925-63 95,794 1,424 13.61 0.998 0.138 o.IKw)c 0.370 0.629 0.370 

“‘Earnings’ refers to local earnings in cruzeiros from all jobs in the month prior to the survey 
(September 1985). Figures for mean earnings in column (4) are divided by 1,000. Regression 
results are for OLS regression in x = r +flSi for each age group. 

xiales with positive monthly earnings in the 1985 PNAD. These regressions, 
along with descriptive statistics for earnings, are presented in table 2.12 

For graphical analysis of the results in table 2 we can use either year of 
birth or age as the unit of reference. While the choice is at one level simply a 
question of whether to read the table from top to bottom or bottom to top, 
it draws attention to more fundamental conceptual issues in analyzing 
earnings inequality across age groups. The mean and standard deviation of 
schooling, plotted in fig. 1 as a function of year by birth, could appropriately 
be thought of as properties of cohorts. That is, they vary by age for adults in 
a single cross-section because of changes in schooling over time, not because 
of a fundamental relationship between schooling and age. Labor earnings, on 
the other hand, vary systematically with age, and could be thought of as a 
function of age rather than cohort. We graph the components of earnings as 
a function of age in the following figures, recognizing that w at -we see is a 

‘*Changing from the sample of all1 Brazilian males to the sampk of I?.-, --dian rides with 
postive labor earnings causes some changes m the distnbution of schooling. The differences in 
the two samples depend on the age group. At younger ages the sample of working males has 
slightly higher mean schooling than all males, while at older ages the sample of working males IS 
slightly less educated than the sample of all males. The differences are mo est. however. and 
not cause anv significant changes in the patterns of mean and variance of sc , 
cohor!s documented above. 
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r3Sw for examp le, Paglin (19751, Morky ( 198 I) and Lam ( 19M). 
l*The profile of earnings inequality by experience has also by a number 0: 

restm-hers. See Lam and Levison (l990] for a discussion of this literature and c~m~a~s~~s sf 
age and experience profiles of inequaiilt in Brazil and the U.S. 

’ Yherall estimated returns to schoolinp for males aged 22-60 are 0.1138 in 1985. This is cbse . _I 
to Senna‘s (1936) estimates sf 0.125 alad 0.127 for Brazilian males, using the same simple 
earnings fwmsn and a 
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e frequently observed increase in returns to sch 

Comparisons with estimates from the 1976 and 19 
below, reveal a very similarly shaped age profife, however, sugiesting that 
there is some persistent systematic relationship between age and returns to 
schooling in Brazil. 

Returns to schooling combine with the variance in years of schooling to 
account for the ‘explained varian 
Column fC9 of table 2 and fig. 
earnings :@greSsiorK for thi%iZ-jWE age 
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a charac%-istie of cohorts, remaining cons?.znt once a cal;srt k 
age 25. As shown above, the v 

especially in a population e 
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schooling. 1Vhatzver the expl,., Qnation for the age pattern in returns to 
sl:hooling, it interacts WILL ‘*4 the cohort pattern in variance of schoolmg to 
produce the relationship between age and ‘explained variance’ shown in 
fig. 4. 

The residual (unexplained) variance in the age-specific earnings equations 
is shown in column (9) of table 2 and in fig. 4. Residual variance rises fairly 
steadiiy from age 19-21, increasing from 0.45 for the youngest cohort to 0.76 
for the oldest cohort. This residual variance includes variance resulting from 
post-schooling investments in human capital, such as on-the-job training and 
experience, as emphasized by Mincer (1974). It may also pick up effects of 
changes in schooling to the extent that schooling is correlated with variables 
omitted from the simple log-linear earnings eq. (1). In any case, from an 
accounting perspective, it is an important explanation of the fact that 
inequality increases with age for Brazilian males. 

5. Changes in earnings inequality, 1976-1982-1985 

Have the improvements in the distribution of schooling in Brazil docu- 
mented above led to improvements in the distribution of earnings? In this 
section we compare the earnings distributions for 1976, 1982, and 1985 in 
order to document the changes in earnings inequality over this period and to 
identify the role of schooling in those changes.17 In comparing income 
distributions across periods, a fundamental problem of identification exists. If 
we compare the same age group in different periods, different cohorts are 
being compared. If we compare the same cohort in different periods, we are 
capturing the cohort at different points in the life cycle. Thus cohort effects 
will appear to be period effects when WC control for age, and age effects will 
appear to be period effects when we control for cohort. Figs. 5 and 6 
demonstrate the problem in comparing income distributions across time in 
Brazii. 

Fig. 5 shows the variance in log earnings for three-year age groups of 
Brazilian males using the 1976, 1982, and 1985 PNADs. The figure shows 
that inequality is higher for every age group in 1985 than in 1982, and is 
higher in 1985 than in 1976 for all age groups above 34. Fig. 6 plots the 
same data as a function of birth cohort rather than age.‘” Every birth cohort 
has higher earnings inequality in 1985 than in 1982 and 1976. Every birth 
cohort except that of 1925-27 has higher earnings inequality in 1982 than 
in 1976. 

In spite of the impressive improvements in the distribution of schooling, 

“In making this comparison we are assuming that the PNAD surveys for these three years 
art- consistently representative of the national population. The validity of this assumption is 
dircussec below. 

“The cohort figures include only the observations for age groups greater than 21 years of age. 
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Fig. 5. Variance in log earnings for three-year age groups: Brazilian maks with positive earnings, 
PNAD 1976-1982-1985. 

the fact that earnings inequality increased for every birth cohort and most 
age groups from 1976 to 1985 shows that the distribution of earmngs was 
worsening. What is the explanation for this disturbing increase in inequality, 
and how do we reconcile it with the improvements in the distribution of 
schooling? Once again, a decomposition of earnings inequality is instructive. 

5.1. Changes in the distribution of schooling 

Looking first at fig. 5, what is the explanation for the increase in inequality 
for every age group from 
to 1985? An important part of the explanation is 
groups resulting from the changing distribution of scha~li 
cohort effect is completely independent of changi 
thus should not be attributed t 
1982, and 1985. 
group in fig. 5, an age gro 
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Fig. 6. Variance in log earnings for three-year birth cohorts: 
earnings, PNAD 1976-1932-1985. 

Brazilian males with positive 

1985, the 1943-45 birth cohort in 1982, and the 1937-39 birth cohort in 
1976. Looking back at table 1, we see that these three cohorts had very 
different variances in years of schooling. The large differences in earnings 
inequality for this age group in the three periods are primarily attributable to 
the changes in the variance of schooling over time, without necessarily 
implying anything about the economic conditions of the three periods. 

We thus see how the changes in the distribution of schooling in Brazil can 
affect the distribution of income over time. In the case of the three survey 
years being compared here, this cohort effect is disequalizing for o!der age 
groups and equalizing for younger ones. For older ages, the birth cohort at a 
given age in 1985 had a higher variance of schooling than the birth cohort at 
that same age in 1982. This is true for cohorts born before the peak in the 
variance in schooling. For younger ages, the birth cohort at a given age in 
1985 should have had a lower variance of schooiing than the birth cohort at 
that age in 1982. 

The problem of potentially misleading cohort effects shown in fig. 5 can be 
avoided by comparing CO arts Over time sat an age groups. Fig. 6 



compares earnings inequality in 19 6, 1982, and 19 5 for the same rth 
cohorts. Since the variance of schooling should remain constant for a c ort 
over time, the increases in inequality for birth cohorts shown in fig. 6 cannot 
be attributed to changes in the variance of schooling The comparisons 
across cohorts in fig. 5 introduce another source of potentially misleading 
inference, however. The changes in earnings inequality over time for a given 
birth cohort will be affected by changes in either returns to schooh 
residual variance as a function of age. From the res 
know that both returns to schooling and residual variance vary si~i~cantly 
with age in Brazil. We therefore look at each of these variables for 1976, 
1982, and 1985 to investigate their possible role in explainin the increase in 
earnings inequality in Brazil during this period. 

5.2. Changes in returns to schooling 

As emphasized above, one of the critical factors affecting changes in 
inequality across periods is changes in returns to schooling. Langoni ( 1973) 
emphasized the role of changes in returns to schooling in explaining 
apparent increases in inequality in Brazil during the 1960s and 1970s. 
Langoni argued that inequality increased in that period partly because of an 
increase in returns to schooling, a result of quasi-rents to human capital 
caused by Brazil’s rapid (and presumably unexpected) economic growth. 

Fig. 7 shows returns to schooling for each three-year age group in 1976, 
1982, and 1985, based on estimates of earnings equations of the form of eq. 
(1). The figure shows that returns to schooling fell over time for every age 
group, a dec!+ which in and of itself should imply a decline in earnings 
inequality for every age group over the period. In the case of older age 
groups, the decline in returns to schooling tends to offset the increase in 
inequality resulting from the fact that cohorts with higher variance in 
schooling moved into those age groups in 1985. For younger age groups the 
decline in returns to schooling reinforces the decrease in inequality resulting 
from the fact that cohorts with lower variance in schoohng moved into t 
age groups in 1985. 

The decline in returns to schooling at ever 
period is noteworthy, although we cannot t represents long- 
term trends or short-run period effects. Tre 
to schooling will be an important dete 
earnings inequality in Brazil. Like many other developi 
has typically had much higher 
United States and other industrial 
and Schultz (198P)J. Lam an 
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Fig. 7. Estimated returns to schooling fsr three-year age groups: Brazillian males with positive 
earnings, PNAD 197tS1982-1985. 

percentage points than returns to schooling for males in the United States 
for almost every age group. 

The decline in returns to schooling in Brazil for every age group between 
1936 and 1985 may indicate that the increasing mean le-jel of schooling in 
Brtil is leading to a dissipation of high rents to what has in the past been 
relatively scarce human capital. If this is true it implies that earnings 
inequality should diminish over time as increasingly better educated birth 
cohorts enter the labor force. Whether the decline in returns to schooling 
shown in fig. 7 is a permanent trend or a result of short-run cyclical 
conditions in the Brazilian economy in the three years shown,“’ it remains 
true that this decline had an equalizi~~g effect over this period. 

Since our estimates indicate that there was both a decrease in the variance 
of schoohng and a zc<i‘zasc ix 1%: re:urzs f;c 5,:: - ” ,Y,‘,a;‘,Z c‘.Ptr the F&d 4976 

191n 1976 economic conditions wre dec!inIcg after rho hc;nm veam nf !968-74, the rcc.~ion 
bottomed out in 1982-83, and conditions were on the upswing in b1b85. 



. (2). The cot:tribution 

groups and birth cohorts is large enou to overcome the equalizing effects 
of declining variance in years of schooli and deelining returns to schoahng. 
This is disturbing since it implies that Brazil failed to experience the 
improvements in the distribution of income that shouid have resulted from 
changes in the distribution of schooling and the returns to schoc4ing. On the 
other hand, to the extent that residual variance as we measure it :i.e. the 
variance in the components of earnings that are uncorrelated with schooling) 
is being driven by short-term cyctical effects, in&ding piXt;aps thr rate of 
Mation, it may be reassuring that the increase in inequality from 1976 to 
:985 can be attributed to residuat variance. The equalizing effects of the 
improved distribution of schooling represent a fundamental change in the 
determinants of earnings inequality in Bra& This schooling component of 
inequality wiii per& for decad!ss in Brazil. The fact that succeeding cohorts 
of Brazilian males have continually lower variance ic! years of schnn!ing will 
in and of itself improve the distribution of earnings in the future. As the 
cohorts who experienced the highest variance in schooling, those OITI 

around 1950, move through the age distribution and are r 
recent cohorts, overall inequality in Brazil should begin to 
kind of improvements that can now only be seen by looking at na:-row age 
groups. 

6. Robustness oil the results 

The results presented ebove are poteniiaf!y sensitive to a 
assumptions. If the 1985 ?NkD survey does uot accurately re 
national popu!ation of Brazil, then cohort-ty 
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section will be misleading, affecting our conclusions about changes in the 
distribution of schooling over time. If some men in younger cohorts have not 
completed schoolin, 0 at the time of the 1985 hurvey, the observed decline in 
the variance of schooling may be an artifact of incomplete schooling. If the 
1976, 1982, and I985 PNAD surveys are not consistent with each other, then 
our con,:lusions about changes in returns to schooliiig over time may be 
unreliable. Misspecification of the earnings equation is another concern, since 
it could affect the validity of the returns to schooling estimates and the 
interpretation of our decomposition. In this section, we provide a brief 
examination of these issues. 

Comparison of the schooling distribution for the same cohorts across 
different sampie years provides evidence on both the consistency of the 
PNAD samples and on the potential effects of incomplete schooling for 
younger men. The 1976. 1982, and 1985 samples provide quite consistent 
estimates of mean schooling across cohorts once cohorts reach their mid- 
thirties. Discrepancies between mean schooling for the same cohorts in 1982 
and 1985 are typically less than one-tenth of a year, a quantity that is one- 
third to one-half as large as the change in mean schooling from one three- 
year age group to the next. The 1976 sample is somewhat less consistent, 
with means of the order of 0.3 to 0.4 years below those of 1985 for almost ail 
cohorts. Comparisons of the variance in schooling suggest that incomplete 
schooling does contribute to falling variances for younger cohorts. The 
observed peak in variance appears to be real, however. The 1946-48 cohort 
has the highest schooling variance in both the 1976 and 1982 samples, 
changing to the flat peak across the 1946-48 and 1949--51 cohorts in the 
1985 sample, documented in fig. 1. We conclude from our comparisons that 
the 1982 and 1985 samples are highly consistent, suggesting that the 
assumption that they provide a consistent sample of the national Brazilian 
population is reasonable. We are somewhat less confident of the comparabil- 
ity with the 1976 survey, although it provides a very similar picture of the 
basic patterns in both the mean and variance of schooling. It appears clear 
that there has been at least a substantial flattening of the variance in years of 
schooling across cohorts, with fairly compelling evidence that the variance 
has been declining for cohorts born since the early fifties. 

In order to test the robustness of our assumption of a linear specification 
of the earnings equation, we used the 1985 data to estimate more flexible 
specifications. Our sample sizes are large enough for most age groups to 
allow us to estimate regressions using eighteen dummy variables for the 
individual years of schooling. In addition to testing the robustness of our 
linearity assumption, these estimates are interesting in their own right for the 
picture they provide of the relationship between schooling and earnings in 
Brazil. Fig. 8 shows the results for three represe tative age groups. The 
coeficients show log earnings for each SC ooling level relative to men with 
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Fig. 8. OLS regressions using single year of completed schooling: Log earnings relative to males 
with zero years of completed schooling, three-year age groups, Brazilian males with positive 

earnings, PNAD 1985. 

zero schooling. Given small cell sizes in some single year schooling categor- 
ies, these non-parametric estimates for different age groups are surprisingly 
regular, and suggest a remarkably linear relationship between log earnings 
and schooling. As evidence of the reasonableness of the linear specification, 
we compared the R2 for earnings regressions using a linear specification, a 
quadratic specification, and the non-parametric specification with 18 dum- 
mies. For the 34-36 year old age group, for example, these R2’s are 0.478, 
0.479, and 0.488, respectively. Similar modest improvements in explanatory 
power by moving to a more flexible functional form are observed for all age 
groups.20 

AS z final test of the sensitivity of our results we consi 
variations in the pat terns documented above. Disparities acres 
regions and between urban and rural areas are often of prim 

20Estimates of returns to schooling may be biased for a variety of reasons, such as 
family background or ability. Behrman and Woife (19841, for examp!e, co=nclude from 
on siblings in Nicaragua that estimates of returns to schooling are si~~i~ca~t~y overslat 
family-related background characteristics are not controlled for. We see nc reaso 
systematic relationship between. these potential biases and age or co 
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in empirical studies of inequality in Brazil. 21 To answer questions about the 
overall ‘level of inequtility in Brazil, our nationally representative sample is 
the appropriate level of analysis. Analysis by regions is, in effect, a study of 
within-region inequality, whereas we want to examine both within- and 
between-region variance in the diziribution of earnings. A national sample 
also avoids the serious problem of internal migration, known to vary 
systematicahy with age, education, and earnings. Age groups within one 
region may give a poor representation, for example, of the schooling history 
of men born in that region. 

Nonetheless, it is interesting to see whether the patterns we describe above 
hold within regions. Using the 1985 PNAD we generated results equivalent 
to tables 1 and 2 for two very different regions of Brazil, the Northeast and 
the Southeast, with further stratification for rural-urban location.22 We find 
changes in the distribution of schooling within the Northeast and Southeast 
similar to those for Brazil as a whole. We observe steady increases in mean 
schooling and steady declines in mean-adjusted schooling itrequaiity over 
time for both rural and urban areas in both regions. We observe a peak in 
the variance of schooling similar to that for all of Brazil in the Southeast 
region overall and in Southeast urban areas. Northeast urban areas and the 
Northeast overall show patterns of rising, peaking, then falling variance, 
although the peaks are for somewhat ycunger cohorts than for Brazil as a 
whole. Rural areas in both regions have much lower variances in schooling, 
which tends to rise throughout the four decades. Estimates of age-specific 
earnings equations for rural and urban areas of the Southeast and Northeast 
indicate age profiles of inequality strikingly similar to those for Brazil as a 
whole. Within regions we find the same pattern of increasing returns to 
schooling with age as seen in fig. 7 for all Brazil. We also find that the 
pattern of increasing residual variance with age holds within these regions 
and their urban and rural areas. On the whole, the patterns in the age 
profiles of earnings inequality for all of Brazil appear quite robust across 
regions, in spite of the large differences in the crerall levels of schooling and 
earnings in these regions. 

7. Conclusions 

Analysis of three-year age groups from the 1985 PNAD indicates that 
cohorts of Brazilian males born in the four decades between 1925 and 1963 
experienced steady increases in the mean level of schooling, with the mean 
doubling from the oldest cohorts to the youngest. This rising mean was 
associated with steady declines in schooling inequality. The coefftcient of 

“See, for example, Almeida dos Reis and Barros (1989). 
“See Lam and Levison (1989) for detailed analysis of these regional comparissns. 
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variation in years of schoo!ing declined for every successive cohort, falling by 
almost 50 percent from the oldest cob .orts to the youngest. Lorenz curves for 
years of schooling demonstrate an unambiguous decline in mean-adjusted 
schooling inequality. The variance in years of schooling, a critical d&e&- 
nant of e,arnings inequality, increased for the first two decades of this period, 
reached a peak with the 1949-51 cohort, and has declined for all succeeding 
cohorts. 

Estimates of separate earnings equations for three-year age groups in 1985 
indicates that changes in the distribution of schooling in Brazil should in and 
of themselves have improved the distribution of labor earnings in Brazil 
beginning with cohorts born in the early 1950s. Earnings inequality falls 
dramatically from the i946-48 cohort to the 1961-M cohort, a pattern that 
is predicted by the declining variance in years of schooling over this period. 
Decomposition of the earnings equations reveals that two other factors play 
an important role in explaining this decline, however. Both returns to 
schooling and residual variance are higher for older cohorts, making 
inequality rise rapidly with age (i.e. fall with birth cohort). These two effects 
reinforce the effect of changes in the variance of schooling on earnings 
inequality. 

Comparison of age and cohort profiles of inequality for 1976, 1982, and 
1985 show that earnings inequality in Brazil increased over this period, in 
spite of the beneficial changes in the distribution of schoo3ng. Our decompo- 
sition indicates that the contribution of schooling was in fact to improve the 
distribution from 1976 to 1985, with declines in both the variance of 
schooling and in the returns to schooling. These improvements were more 
than offset, however, by increases in other sources of inequality. Although the 
increase from iW6 to 1985 in the variance of the component of earnings that 
is uncorrelated with schooling is disturbing, we believe that our results 
regarding the schooling component of inequality provide reason for opti- 
mism about the future of earnings inequality in Brazil. While residual 
variance is likely to be sensitive to short-run economic conditions, the 
dramatic improvements in the distribution of schooling we document 
represent fundarner+-’ -h lLLLl V anges in the determinants of earnings inequality in 
Brazil. Our results suggest that changes in the distribution of schooling in 
Brazil in recent decades have had beneficial effects on the d~st~~buti~~ of 
income, effects that should continue to be seen for 
the variance of schooling that began for males born around 1950 i 
new cohorts entering the labor 
inequality at every age, with past 
having an increasingly equalizing effect on overall 
post-1950 birth cohorts become a 

Evidence cited earlier su 
increasi 
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unique among developing countries. This suggests that our findings may 
have implications beyond Brazil. To the extent that educational expansion in 
other developing countries reduces the variance in schooling variance, as 
appears to have occurred in Brazil, improvements in earnings inequality 
should result. If, in addition, there is a decline in returns to schooling, as also 
appears to have happened in Brazil, there will be further improvements in 
the distribution of earnings. Unforturrately, Brazil’s recent experience also 
demonstrates that even substantial improvements in the schooling compo- 
nent of earnings inequality do not guarantee overall declines in inequality. 
Hopefully these are short-run cyclical effects that will in the long-run be 
dominated by the structural improvements in the distribution of schooling. 

Appendix 

Table A.1 

Distribution of earnings for three-year age groups - Brazilian males with positive 
earnings, 1976 and i382 PiMiX 

1976 PNAD 1982 PNAD- 

Age V(in Y) fi R2 V(u) N V(1n .Y) fi 2 

(1) fJ2, (3) (4) (5) (6) (7) (8) (9) ;0, (!‘1’;’ 
~___. 

22-24 8,740 0.631 0.117 0.304 0.439 
25-27 8,184 0.791 0.138 0.411 0.466 
28-30 7,829 0.93 1 0.156 0.467 0.496 
31-33 6,256 1.007 0.167 0.499 0.505 
34-36 6,356 0.953 0.167 0.425 0.548 
37-39 5,730 0.970 0.165 0.433 0.550 
40-42 5,563 1.007 0.170 0.434 0.570 
43-45 4,735 1.032 0.174 0.437 0.581 
46-48 4,4!0 1.05? 0.176 0.419 0.611 
49-51 3,811 1.051 0.181 0.415 0.615 
52-54 3,223 1.095 0.181 0.406 0.65 1 
55-57 2,424 1.064 0.178 0.361 0.680 
58-60 2,075 1.130 0.187 0.397 0.68 1 

22-60 69,336 0.95 1 0.152 0.385 0.585 

11,487 0.558 0.107 
10,862 0.721 0.127 
10,283 0.817 0.141 
9,386 0.936 0.153 
8,246 1.017 0.156 
7,262 t .014 0.160 
7,066 I.020 0.167 
5,991 1023 0.171 
5,202 1.056 0.167 
4,556 1.066 0.172 
4,179 1.023 o.i71 
3,367 1.016 0.163 
2,579 1.014 0.168 

90,466 0.92 1 0.142 

0.305 0.388 
0.408 0.427 
0.464 0.438 
0.508 0.460 
0.515 0.493 
0.504 0.503 
0.490 0.52 I 
0.467 0.545 
0.434 0.598 
0.437 0.600 
0.414 0.600 
0.348 0.662 
0.384 0.624 

0.408 0.545 

aSee notes to table 2. - 
____- _ 
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