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Appendix A: Supplementary summary statistics

Baseline estimations focus on workers aged between 18 and 65 with contracted
or reported hours of at least 30 hours a week. In addition, I also exclude individual
observations that have either firm IDs or worker IDs reported as invalid as well
as data points with missing wages, dates of employment, educational attainment,
hours, or age.

This section shows additional summary statistics before and after the sample
restrictions and for the self-employed as a separate group. Table A1 shows a com-
parison of summary statistics for all PNAD observations and PNAD observations
in the baseline sample of workers aged 18 to 65 with reported hours above 30
per week. In the PNAD, hours and age restrictions changes the share of workers
in agriculture (from 23 to 17 percent) and in services (from 64 to 67 percent),
while keeping roughly the same share of manufacturing workers (13 percent) in
the earliest period. Changes over time are similar in both raw and restricted
PNAD sample. In the RAIS, as reported in Table A2, sectoral shares before and
after sample selection are roughly unchanged.

In addition, Table A3 shows the prevalence of self-employment across sectors
and compares the distribution of wages among the self-employed to that of the
baseline sample. Self-employment is significantly less prevalent among formal
workers and workers in manufacturing. Across all sectors and periods, the self-
employed earn less on average. Nonetheless, average wage gaps between agricul-
ture and non-agriculture are of a similar order of magnitude and show similar
declining patterns as those documented in the baseline sample (see Figure B3).

Appendix B: Wage gaps for alternative samples and measures

Wage gap magnitudes and trends are broadly similar using alternative available
measures. Figure B1 shows the ratio of wages between non-agricultural sectors
and agriculture using the following measures of wages and income: main job cash
wage, average cash wage across jobs, all income per hour, labor income (including
non-cash) in the main job, labor income (including non-cash) across all jobs, and
all income. Similarly, Figure B2 shows wage gaps using household income per
person measures with similar results.

In addition, Figure B3 documents average wage gaps for different sample se-
lection criteria. Magnitudes and trends are broadly similar when using all ob-
servations, workers of all ages working more than 30 hours a week, and the
baseline sample of workers aged 18 to 65. When focusing of the more narrow
set of self-employed workers, gaps are slightly lower when comparing agriculture
and manufacturing, and slightly higher when comparing agriculture and services.
The trends in gaps among the self-employment are similar to those in the baseline
sample.
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Figure B1. : Wage gaps for alternative definition of wages and income
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Figure B3. : wage gaps under alternative samples
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Figure B2. : Gaps in household income per person
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Appendix C: The decline in wage gaps throughout the distribution

Figure C1 shows the ratio of wage percentiles in agriculture and non-agriculture
for both the PNAD and RAIS samples. Percentiles are here defined by the ranking
of workers within each sector. The decline in the agricultural wage gap is present
throughout the wage distribution in both datasets, with the exception of the low-
est tenth percentile of workers in the PNAD. There is a pattern, with the top
earners in the agricultural and non-agricultural sectors being further apart than
the bottom earners in the two sectors. The differences, however, are still signifi-
cant across all percentiles, so it is not the case that wage gaps are a phenomenon
that is only applicable to certain parts of the wage distribution. Furthermore,
when looking at the evolution of these ratios over time, the decline in compensa-
tion differences does not appear to be driven by the catch up of only the poorest
or richest parts of the distribution of agricultural workers.

Appendix D: The evolution of wage and output gaps in Brazil relative to

other countries

Brazil’s 1996 wage gap is above the median of 2.0 from the 12 country sam-
ple in Berthold Herrendorf and Todd Schoellman (2015). By 2013, Brazil’s wage
gap falls below this median. Compared with the list of countries from Vollrath
(2014), Brazil’s 1996 gap between agriculture and manufacturing would rank sec-
ond highest. When comparing agriculture vs services, the rank would be fourth,
just above Indonesia. In contrast, Brazil’s 2013 gap levels with respect to manu-
facturing and services would rank fifth and eleventh, respectively. Although the
data on Brazil is not entirely comparable to the wage data from other countries,
the significant move down the ranking of countries suggests that Brazil’s decline
cannot be described as an insignificant change.

Moreover, paralleling the results from the output per worker gap literature,
Brazil also experienced significant levels and declines in value added per worker
gaps between 1996 and 2013. Figure D1 shows how the between-sector difference
in gross domestic product per worker as measured by the national accounts de-
clines over the 1996-2013 period. Similar to the wage pattern, the decline is large
when comparing agriculture against both manufacturing and services. Unlike
wages, however, the agriculture-manufacturing output gap is much larger than
the agriculture-services gap. This is expected due in part to the natural differ-
ences in capital intensities between services and agriculture. These differences
notwithstanding, the declining pattern of pay and value added per worker gaps
is qualitatively similar.

Similarly to wage gaps, value added per worker gaps between agriculture and
other sectors are large when compared with other estimates in the literature.
In 1996, the magnitude of the value added per worker gap between agriculture
and other sectors is 5.3, which is greater than the maximum found by Berthold
Herrendorf and Todd Schoellman (2015) in their 12 country sample and just
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Figure C1. : Gaps in Brazil by percentile
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Figure D1. : Value added per worker gap in Brazil

below the mean gap reported in Gollin, Lagakos and Waugh (2014) for the poorest
quartile of countries in their 151 country sample. By 2013, after a cumulative real
output growth of 61 percent, the value added per worker gap is 2.4. This estimate
is similar to the median of 2.3 in the Berthold Herrendorf and Todd Schoellman
(2015) sample and closer to the 2.0 mean of the richest 24 percent of countries
in the Gollin, Lagakos and Waugh (2014) sample. When compared to the cross-
country evidence, Brazil appears to have endured a significant transformation
during the period of study.

Appendix E: Levels and evolution of agricultural employment shares

under different samples

Employment shares by sector are shown in Figure E1. Figure (a) shows data
from all workers in the PNAD. Figure (b) shows data from workers in the PNAD
sample aged 18 to 65 working more than 30 hours a week. Figure (c) shows the
equivalent for formal workers in the RAIS, and Figure (d) shows employment
shares for the self-employed.
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(a) All workers (10+ years, PNAD) (b) All workers (18 to 65, PNAD)
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Figure E1. : Workers by sector.
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Appendix F: Oaxaca decomposition assessing the role of observable human

capital

There are two margins on which observable human capital influences the wage
gap. On the one hand, observable human capital can be lower in one sector than
the other. On the other hand, even if the composition of observable human capital
is the same in the two sectors, the returns29 to human capital might be different
in the two sectors. To make this distinction, I first estimate the following model
for each sector and year.

log(wsit) = edu age′sitβ
t
s + εsit

As before, to impose minimal restrictions on how age and education influence
wages, edu agesit is a vector of dummies for each age-education group in sector
s. Thus, the specification allows full flexibility in terms of age and education, and
this relationship can vary in every sector and year. These estimates are then used
to conduct a Oaxaca decomposition with agricultural workers as the reference
group (Oaxaca, 1973). The wage gap in each year can be decomposed into three
components:

∆š(E(log(wšit))) = (E(edu age′šit)− E(edu age′ait))b
t
a

+ E(edu age′ait)(b
t
š − bta)

+ (E(edu age′šit)− E(edu age′ait))(bšt − bat)(F1)

Here, bts is the vector of estimated coefficients on age and education dummies
in year t and sector s. The first term is entirely due to composition differences
in age and education between sector š and agriculture. In other words, this
component reflects the mean wage gap if all education-age groups were equally
paid in both agriculture and sector š. The second term reflects the wage gap due
to differential pay of each age and education pair, weighted by the distribution
of observable characteristics in agriculture. Unlike the first term, this second
component is solely affected by differential returns to age and education, and
not by differences in composition. The third term accounts for the interaction
between the composition and return effects.

Figure F1 shows the result of this decomposition. Composition effects explain
only a small share of the agriculture vs manufacturing gap throughout the sample
period, and they explain a larger share, but not all, of the services vs agriculture
gap. Differences in age and education cannot account for most of the agricultural
wage gap in the earlier period, when the gap was largest. Moreover, when looking
at the evolution of this decomposition over time, virtually all of the decline in the

29Return differences refer to differences in pay between sectors for each age-education group.
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Figure F1. : Oaxaca decomposition

gap between agriculture and both manufacturing and services is driven by the
steeper decline in the return component. The pattern is similar when using both
survey data on formal and informal workers (PNAD), as well as administrative
data from formal workers (RAIS).

Appendix G: Sector-switchers over time

Figure G1 shows the share of workers that switch across sectors throughout
the sample period. The small share of sector switchers would usually complicate
the study of sector wage jumps using a small-sample panel dataset. However,
because of the large number of workers in the sample, this is not a problem. In
any given year, there are over ten thousand formal workers who switch into and
out of agriculture in the sample.

Appendix H: Sector premiums using earnings

The analogous results from Figure 3 using monthly earnings instead of hourly
wages as a dependent variable are shown in Figure H1. Similarly to the baseline,
earnings premiums are significant but also smaller than the overall earnings gap.
For manufacturing, the average sector premium during 1996-2013 is 11 log points
compared to the overall earnings gap of 48 log points relative to agriculture.
Similarly, for services, the average jump in earnings is eight log points compared
to the mean total gap of 46 log points. Sector premiums as a percentage of the
total gap in a given year averaged 21 percent when comparing agriculture vs
manufacturing and 16 percent when comparing agriculture to services.



VOL. VOL NO. ISSUE THE AGRICULTURAL WAGE GAP 37

Formal Workers (RAIS)

(c) Agriculture vs Manufacturing (d) Agriculture vs Services

0
.2

.4
.6

.8
L

o
g

 d
if
fe

re
n

c
e

1995 2000 2005 2010 2015
Year

Gap Composition

Returns

0
.2

.4
.6

.8
L

o
g

 d
if
fe

re
n

c
e

1995 2000 2005 2010 2015
Year

Gap Composition

Returns

Note: Gap refers to the difference in mean log wages between two sectors. Returns refer to the

first term and composition refers to the second term of the Oaxaca decomposition.

.0
0
1
5

.0
0
2

.0
0
2
5

.0
0
3

.0
0
3
5

.0
0
4

S
h

a
re

 o
f 
to

ta
l 
w

o
rk

e
rs

1995 2000 2005 2010 2015
Year

To manufacturing From manufacturing

To services From services

Note: Share of total employed workers that switch out of or into agriculture in

any given year.

Figure G1. : Number of sector-switchers from and into agriculture



38 AMERICAN ECONOMIC JOURNAL MONTH YEAR

0
.2

.4
.6

.8
S

e
c
to

r 
p

re
m

iu
m

1995 2000 2005 2010 2015
Year

Total (Manufacturing) Total (Services)

Premium (Manufacturing) Premium (Services)

Note: Total refers to the difference in mean log earnings between each non-agricultural sector

and agricultures. Sector premiums for services (βτs ) and manufacturing(βτm) are defined by

equation (2). With the exception of 2008, coefficients are all statistically different from zero

(p < .01).

Figure H1. : Sector gaps in earnings relative to agriculture control-
ling for individual fixed effects
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Figure I1. : Sector gaps relative to agriculture controlling for
worker fixed effects under different samples

Appendix I: Sector premiums with alternative samples

Figure I1 shows sectoral premium estimations (controlling for worker fixed ef-
fects) using three different samples: all available observations in the RAIS data
(including multiple-job records per year), workers of all ages working over 30
hours a week, and the baseline sample of 18 to 65 workers. Results are virtually
unchanged across sample specifications.

Appendix J: Controlling for occupations: evidence of sector-specific

skills

A basic premise of Roy models is the existence of occupation or sector-specific
skills. In the context of the agricultural wage gap, a worker under this view has
agriculture-specific skills and non-agriculture-specific skills, which determine the
productivity of the worker when performing sector-specific tasks. By influencing
labor productivity, sector-specific skills also determine the potential wage of the
worker in each sector and influence his labor allocation decision between sectors.
It is not clear, however, whether sector-specific skills exist at all.
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Although I cannot test the presence of sector-specific skills directly, I can test an
implication of sector-specific skills on wage changes among sector-switchers and
the sector premiums described in section IV.B. In particular, I study to what ex-
tent are sector premiums driven by workers performing different occupations after
switching sectors. In a world where workers have sector-specific skills, wage gains
from transitioning out of agriculture into another sector should be more promi-
nent when workers perform a different task in their new sector of employment. If,
on the contrary, workers are equally productive regardless of the task performed,
then wage changes from transitioning out of agriculture must be driven by other
forces that are not necessarily related to an increase in labor productivity.

For example, consider a member of the cleaning staff of an agricultural firm
who is considering switching out of agriculture. In a world where sector-specific
skills exist, he has the potential to achieve a different level of productivity in
the non-agricultural sector. That is, the possibility of performing new tasks (e.g.
machinery operation, human-capital intensive tasks) that are fundamentally dif-
ferent from the ones originally performed enable the worker to exhibit sector-
specific skills, and therefore improve the productivity of his labor. This change
in productivity can in turn induce a wage gain from transitioning sectors. In
contrast, if the worker transitions out of agriculture but performs the same set
of tasks related to his original cleaning job, we would expect gains to be more
limited. Switching sectors without switching occupations limits the realization of
sector-specific skills and, therefore, potential wage gains under this view.

I test whether sector premiums from section IV.B are significantly reduced once
I control for changes in occupation by estimating

(J1) log(wit) =
2013∑

τ=1996

γτmmit +
2013∑

τ=1996

γτs sit + φpoccupation + φt + φpi + εit

where coefficients γtm and γts reflect the average differential pay of workers per-
forming the same occupation in both pre and post-transition sectors, φpoccupation
are occupation fixed effects30 at the three-digit classification level, and the rest of
variables are defined as described in section IV.B. Similarly to the model outlined
in the previous section, this model is identified by workers who switch sectors. The
main difference of this approach, however, is that the coefficients γτm and γτs are
identified using sector-switchers that do not switch occupations after they transi-
tion.31 In the data, several occupations are common to all sectors (e.g. cleaning,
security services, drivers/messengers) and the model is therefore identified.

Figure J1 shows the evolution of premiums with (βτm, β
τ
s ) and without (γτm, γ

τ
s )

30Occupation categories used are at the three-digit aggregation level. Occupation fixed effects are
allowed to vary by six-year periods but are fixed within the period.

31The sector premiums estimated in section IV.B can be written as βτ
s′ = γτ

s′ + (Es′ (φ
p
occupation) −

Eagriculture(φ
p
occupation)) where s is each non-agricultural sector and Es′ (φ

p
occupation) is the average of

occupation fixed effects in each sector.
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Figure J1. : Sector premiums after controlling for occupational
changes

occupation controls over time. At the beginning of the period, sector premiums
in services disappear after controlling for occupation, and the same is true for the
last year of the sample. For manufacturing, accounting for occupational changes
reduces the 1996 gap by six log points and the 2013 gap by two log points. The
shifting down of both the premium curves after controlling for occupations indi-
cate that a significant portion of these premiums is due to changes in occupation
when transitioning sectors. This is consistent with the existence of sector-specific
skills which are transformed into wage differences only when performing differ-
ent tasks in different sectors. To the extent that sector-specific jobs imply the
demonstration of sector-specific skills, the downward shift in premiums supports
a Roy view of the world where workers have sector-specific abilities.

Appendix K: Heterogeneity of sector premiums

This section presents results of sector premiums by age and education using the
RAIS data. The models estimated are of the form
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Figure K1. : Sector premiums by education

log(wit) =

2013∑
τ=1996

4∑
e=1

βeτmmit1[eduit = e] +

2013∑
τ=1996

4∑
e=1

βeτs sit1[eduit = e]

+ φet + φpi + εit

log(wit) =
2013∑

τ=1996

3∑
a=1

βaτmmit1[agegroupit = a] +
2013∑

τ=1996

4∑
e=1

βaτs sit1[agegroupit = a]

+ φat + φpi + εit

where φet and φat are interacted year-education and year–age group dummies
respectively. The first model estimates sector premiums for different levels of
education (less than high school, high school, some college, and college), while
the second model estimates sector premiums for three different age groups (ages
18–30,31–40, and 40–65). The premiums for manufacturing and services by ed-
ucation and year (βaτs ) are shown in Figure K1, while the premiums by age are
shown in Figure K2.

Appendix L: Robustness of sector premiums to sector-switcher

restrictions

Table L1 shows the average sector premium coefficients by period when the
model in equation (2) is estimated using only sector-switchers and only transitions
out of agriculture.
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Figure K2. : Sector premiums by age

Table L1—: Sector premiums relative to agriculture estimated using
sector-switchers and all workers

1996-2001 2002-2007 2008-2013

Services (β̄τs )

All workers 0.08 0.03 0.01

Sector-switchers 0.10 0.04 0.01

Exiters from agriculture 0.08 0.03 0.01

Manufacturing (β̄τm)

All workers 0.14 0.07 0.05

Sector-switchers 0.11 0.05 0.04

Exiters from agriculture 0.10 0.05 0.04

Note: Average of sector premiums, β̄τs and β̄τm, over each six-year period are presented.

These are defined by equation (2). All workers category comprise all formal workers between

18 and 65 years old in the RAIS. Sector switchers restrict the sample to workers that have

switched into or out of agriculture at least once in each six-year interval. Exiters from agri-

culture are defined as workers that have switched from agriculture to another sector at least

once in each six-year interval.
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Appendix M: Event-study of transitions into and out of agriculture

This section adopts an event-study framework focusing on workers that switch
out of agriculture. The following equation is estimated for transitions out of
agriculture into both services and manufacturing.

log(wit) =
5∑

j=−2

γj + φt + φi + εit

As before, φt are year effects and φi are worker fixed effects. In order to consider
a longer timespan of transitions, fixed effects are not allowed to vary by period.
Coefficients γj are dummy indicators for pre and post transition years. These
coefficients are only equal to one if a worker is observed three-years before transi-
tioning and five years after transitioning out of agriculture. This is done in order
to avoid selection effects in the estimation of transition coefficients. All workers
are included in this exercise in order to better estimate year effects.

Figure M1 shows the results of the transition coefficients, γj , with confidence
intervals. Transitions into services and manufacturing are analyzed separately
with similar results. As before, the wage increases five years after transitions
are much smaller than the magnitude of the aggregate wage gap. Furthermore,
there is no evidence of improved wage growth profiles after transitioning out of
agriculture. If anything, there is a flattening of the wage growth profile after
transitioning into the non-agriculture sector. Figure M2 shows similar results
when age squared is added as an additional control.

Appendix N: Transitions out of agriculture into cities

The following specification is estimated:

log(wit) =

2013∑
τ=1996

(ητmmit + ητs sit + δτmmit ∗ cityit + δτs sit ∗ cityit + λτ ∗ cityit)

+φt + φpi + εit

where cityit is an indicator for working in a city. A city is here defined as a mu-
nicipality with more than one hundred thousand formal workers in 1996. There
are 38 out of 5,570 municipalities32 that classify as cities under this definition,
and they are home to around half of the workers in the sample. This specifi-
cation allows for the decomposition of sector premiums into the ones estimated
from sector transitions alone, ητs and ητm, and the sector premiums associated to
transitions between sectors into cities, δτs and δτm. The evolution of these coeffi-
cients over time is shown in Figure N1. The coefficients on the city and sector

32To overcome problems from changing boundaries over time, I use time consistent municipality defi-
nitions (áreas mı́nimas comparáveis) from IPEA (Reis, Pimentel and Alvarenga (2007)).
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Note: Year 0 refers to the last year worked in the pre-transition sector and Year 1 refers

to the first year in the post-transition sector. Solid line shows coefficients γj subtracted

by γ0 so that coefficients reflect changes relative to the pre-transition wage level. Dashed

lines are 95 percent confidence intervals from transitions after controlling for year

effects.

Figure M1. : Transitions out of agriculture
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Note: Transition coefficients controlling for year effects and age2. Year 0 refers to the

last year worked in the pre-transition sector and Year 1 refers to the first year in

the post-transition sector. Solid line shows coefficients γj subtracted by γ0 so that

coefficients reflect changes relative to the pre-transition wage level. Dashed lines

depict 95 percent confidence intervals from transitions after controlling for year effects.

Figure M2. : Transitions out of agriculture controlling for age
squared
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Figure N1. : Sector premiums with transitions into cities

interactions average 1–5 log points, while sector transitions that occur without
changes in city/non-city status average premiums of 2–9 log points throughout
the period. Thus results show significant but moderate additional compensation
gains from switching into urban areas on top of switching sectors. These gains
are still smaller than overall wage gap magnitudes.

Appendix O: Calibration of the joint distribution of sector-specific

skills

In the model, workers have dependent draws from sector-specific Fréchet dis-
tributions X(za) and Y (zn). The joint distribution G(za, zn) is a Frank copula
resulting from the two primary distributions. That is,

G(za,zn) = C[X(za), Y (zn)]

C[u, v] = −1/ρ ∗ log(1 +
(e−ρu − 1)(e−ρv − 1)

e−ρ − 1
)

X(za) = e−z
−θa
a

Y (zn) = e−z
−θn
n
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The sector-specific distributions have dispersion parameters θa and θn, which
control the within sector variance of the productivity distribution in agriculture
and non-agriculture. These are calibrated to match the standard deviation of
log wages in agriculture and non-agriculture of 0.84 and 0.94 respectively.33 The
calibrated parameters that match these log variances are θa = 2.0 and θn = 1.3.

Besides the transparent mapping that exists between these parameters and wage
dispersion, there are two other reasons why a Fréchet shape is a sensible choice to
model sector-specific distributions. First, the Fréchet distribution is a special case
of the extreme value distribution; therefore, the marginal Fréchet distribution of
a particular sector can be interpreted as the distribution of the maximum draw
from a set of productivity distributions within that sector. For example, this
may represent the maximum productivity draw out of a series of jobs that are
available within the manufacturing or agricultural sectors.34 Second, the shape
of of the distribution, with greater mass at lower productivity parameters and fat
tails, resembles the within sector distribution of both raw wages and unobservable
worker characteristics observed in the data.

To form a joint distribution out of the two sector-specific marginal distribu-
tions, a Frank copula is used. The advantage of using this copula is that it
allows the degree of dependence in the two distributions to be controlled by a
single parameter ρ. Along with θa and θn, this parameter is calibrated to match
the fraction of workers that switch sectors during 1996-1997 (0.6 percent of all
workers) when the economy grew 2.2 percent in real terms. Intuitively, for given
dispersion parameters (θa, θn), ρ controls the amount of workers close to the labor
allocation indifference condition (Apaz

i
a = Azin(1−k)). A growth-induced change

in prices pushes a larger or smaller share of workers out of agriculture depending
on the mass of workers that are close to indifferent in the base year. The result-
ing parameter from this calibration is 12.8, which implies a linear correlation of
83 percent between the log of sector-specific productivity parameters za and zn.
Importantly, no difference in mean productivity between sectors is assumed in
the calibration of the joint distribution. The agricultural wage gap is therefore
not a calibration target but an outcome of the model.

Since wage gap magnitudes are sensitive to different values of the ρ parameter,
robustness exercises are also conducted. Assuming an uncorrelated skill distri-
bution (ρ = 0) increases the gap to 3.0, while increasing the correlation to near
one or negative one produces wage gaps of 3.7 and 8.7 respectively.35 Although
it is hard to estimate accurately the correlation of skills in the population, the
results do indicate that large wage gaps of the magnitudes observed in Brazil,

33From workers aged 18 to 65 in the PNAD sample to include dispersion using formal and informal
workers in the economy. Using standard deviations from workers in the RAIS produces an even higher
agricultural wage gap.

34By the extreme value theorem, the maximum of independent draws from any distribution converges
to an extreme value distribution. The Fréchet is an example of these distributions.

35The value of ρ that minimizes the wage gap produces a linear correlation of log skills of 67 percent
and a wage gap of 2.5.
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and their decline, can be generated by compositional differences in skills arising
from a sorting equilibrium.



Appendix: The Agricultural Wage Gap: Evidence from Brazilian Micro-data
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