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F1GURE 8.— Real Wages and Minimum Wage Evolution
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the geographic variation, workers in the South Region have a 6% probability of earn-
ing the minimum wage, whereas workers in the Northeast have an approximately 25%
probability of earning the minimum wage. A similar heterogeneity pattern appears
when we consider the probability of earning sub-minimum wages.

Table III shows that formality presents considerable heterogeneity across observable
characteristics. It shows that the probability of formality is close to zero for workers
with wages below the minimum wage, as predicted by the dual-economy model. Also,
it shows that the probability of working in the formal sector is lower for low education
groups, non-white, and in the North and Northeast regions.

The history of the minimum wage in Brazil began during the Getulio Vargas gov-
ernment, on May 1st, 1940. Initially, the minimum wage varied across regions to
accommodate differences in price levels across the country. Subsequently, in 1984,
regional minimum wages were unified into a single wage at the national level.3’ The
periodicity of changes in the minimum wage has been annual since the economy stabi-
lized in 1994 (Lemos, 2009). Figure 8 depicts the evolution of average wages, minimum
wage, and different quantiles of the wage distribution over the last decade.?!

Regarding Figure 8, the challenge of relying on time-series variation to identify the

30The Constitution of 1988 prohibited the use of the minimum wage as a reference for wage
bargaining for other categories of workers and contracts. The aim of this prohibition was to reduce
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F1GURE 12.— Empirical CDF by Sector above the Minimum Wage

tion required for identification is that the entire wage distribution be the same across
sectors. The presence of the minimum wage prevents me from testing this condition
for values below m. Thus, it is still possible that the latent wage distributions are
indeed equal conditional on wages above the minimum wage, while this is not the
case for values below it. This last part of the identifying assumption is untestable.
The evidence that the wage distributions are similar for values above the minimum
wage seems to indicate that they may also be so for values below m in the absence

of the policy. However, this conclusion is subject to debate.

Table VIII shows the estimates of the elasticity of formality with respect to the wage
based on a linear probability model, using different restrictions on the sample. The
relationship between sector distribution and wages becomes substantially weaker after
one conditions the regression to only consider wages above the minimum. Regarding
the coefficient while conditioning on higher values, several estimates that are not

different from zero were found.
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TABLE VIII
FORMALITY VS. WAGES - LINEAR REGRESSION ESTIMATES
2001 2002 2003 2004 2005 2006 2007 2008 2009
W >0 1.930H% g kkk g ik g g3tk g 7Rl 9 3R 2 76%RE 251 (.72
(0.14)  (0.14)  (0.13)  (0.34)  (0.15)  (0.62)  (0.15)  (0.48) (0.59)
W>m 0.87*F% (. 71%FF  (0,99%Fk (0 79%Fk () 54%E (0 61FFF (0. 73%F 0510 0.09
(0.08)  (0.08)  (0.07) (0.12)  (0.08)  (0.15)  (0.08)  (0.11)  (0.16)
W > 1.5m  0.40%F  0.26%%F  (.42%0F () 380+ 0.12% 0.15%* 0.17%* 0.02 -0.03
0.06)  (0.07)  (0.06)  (0.07)  (0.07)  (0.06)  (0.07)  (0.06) (0.08)
W >2m 0.15%* 0.07 0.34%%* 0.08 -0.07 0.07 0.08 -0.05  -0.08*

(0.06)  (0.06) (0.06)  (0.05) (0.07) (0.06)  (0.07)  (0.07) (0.04)

Note: Estimates of the (100 times the) elasticity of formality with respect to the wage at the minimum wage level,
using different sample restrictions. Standard errors in parentheses.

Another maintained assumption of the model is that the latent wage density is
continuous around the minimum. If the wage density is continuous, then my estimates
should not reveal any effect for values other than the minimum wage.

Table IX displays the estimates of the ratio of the left and right limits of the
wage density for values different than the minimum wage pooling data from all years
(normalizing the minimum wage to zero). I display the point estimates for using two
values for the bandwidth: the same bandwidth as in Table IV and a bandwidth half of
its size. I perform the placebo test at 20 different points, from R$200 to R$300 above
the minimum wage. The point estimates tend to be around one, which should be the
case in the absence of a discontinuity. Using the baseline bandwidth, the estimates
range from 0.88 to 1.17.

However, the null hypothesis of no gap is still rejected at several points. Discontinu-
ities of such small magnitude are likely a result of “heaping” at round numbers. If a
discontinuity of similar size is present in the latent wage density, then the magnitude
of the bias on the estimates of the model structural parameters would be of negli-
gible economic significance. All the qualitative implications of the model parameter

estimates based on the continuity assumption would remain valid.*

451 discuss in Appendix E.3 the consequences of estimating the model incorrectly assuming con-
tinuity for the latent wage distribution. The estimators of the probabilities of non-compliance and
“clustering” at the minimum wage will be inconsistent if the latent wage distribution is discontinuous
at the minimum wage level. The ratio between the true structural parameters and the (probability
limit of the) estimators will be given by the magnitude of the discontinuity in the latent density
at the minimum wage level. For example, adjusting the estimates for a discontinuity of 0.92 in the
latent density increases the estimate of 74 for the year 2001 from 0.20 to 0.22. Similarly, 7, increases
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TABLE IX
PLACEBO TESTS: DISCONTINUITY ESTIMATES USING VALUES OTHER THAN THE MINIMUM
WAGE

Wage ‘ 10 20 30 40 50 60 70 80 90 100
Baseline \ 1.007FF% 0.929%FF  0.993%FF 1. 111%%%  1.130%F*  1.173%F  1.097F%F  (.920%%* (0.961%FF (.882%**

200 | (0.008)  (0.008)  (0.008)  (0.009)  (0.009)  (0.009)  (0.007)  (0.007)  (0.007)  (0.007)
Half ‘ 1.039%F%  0.876™FF  1.003%FF  1.191%%%  1.178F* 11615  0.969%*F (.654%F* (.742%F*  (.579%**

| (0.011)  (0.011)  (0.010)  (0.013)  (0.015)  (0.014)  (0.010)  (0.008)  (0.009)  (0.010)
Baseline ‘ 1.029°%F%  (0.907%F%  0.894%FF  1,076%%*  1.084%F*  1.104%FF  1,046%*F (.899FF* 1.059%F* (.995%**

3001 (0.008)  (0.008)  (0.008)  (0.009)  (0.009)  (0.009)  (0.010)  (0.009)  (0.011)  (0.010)

Half 0.901%%% 0.698%**  0.737FF%  1OSIFF*  L101%F*F 1 174%F% 10310 0.760%*F  1.023%F*  0.865%F*

| (0013) (0.011)  (0.010) (0.012)  (0.013)  (0.013)  (0.012)  (0.010)  (0.013)  (0.013)

Note: Standard errors in parentheses.

As a robustness check, I investigate the sensitivity of my estimates to the choice of
bandwidth and the presence of spillovers. A key parameter of the model, 74, is iden-
tified by the ratio of the wage density above and below the minimum wage. In the
baseline specification, the estimation was performed using local linear density estima-
tors with the bandwidth equal to eight times Silverman’s rule of thumb. I estimate m
using the automatic bandwidth selection procedure proposed by McCrary (2008). The
estimates of 74, available through request, range from 11 to 16%, whereas with the
baseline bandwidth they range from 11 to 23%. Thus, I tend to find slightly smaller
estimates of the likelihood of non-compliance using the automatic bandwidth selection

procedure. The qualitative implications of the results, however, remain similar.

In Appendix E.5, I discuss the identification of the effect of the minimum wage
on the size of the formal sector under the presence of spillovers. Identification of the
latent size of the formal sector can be achieved by assuming that spillovers vanish
at a point higher up in the wage distribution. My spillover-robust estimates of the
impact of the minimum wage on the size of the formal sector are approximately -14%.
Thus, these estimates are higher than the baseline estimates from Table IV that are
obtained under the assumption of absence of spillovers. This suggests that the -9%
effect from the baseline estimate underestimates of the true effect of the minimum

wage on the size of the formal sector if Assumption 3 is violated.

from 0.26 to 0.28.
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7. CONCLUSION

This paper develops a dual-economy model to analyze the effects of the minimum
wage in a country with a large informal sector. I discuss the conditions under which
the effects of the policy are identified using only cross-sectional data on wages and
sector (defined by formality status) and the same level of the policy is applied to all
workers. I show that the discontinuity of the wage density at the minimum wage level
identifies the probability of non-compliance with the policy, and the latent relationship
between sector and wages can be recovered using data on wages and sector above the
minimum wage. I then show that the latent joint distribution of sector and wages
can be identified based solely on data on sector and wages. This result allows me to
estimate the impact of the policy on a broad range of labor market outcomes, such
as expected wages, unemployment, wage inequality, the size of the formal sector, and

labor tax revenues.

The main results are that the minimum wage significantly alters the shape of the
lower part of the wage distribution and thereby reduces wage inequality. My estimates
show that expected wages increase by approximately 16% and the Gini coefficient de-
creases by approximately 24%. However, the minimum wage policy generates sizable
unemployment effects and a reduction in the size of the formal sector of the economy.
My estimates imply a decrease of approximately 9% in the size of the formal sector.
This result is due to both unemployment effects on the formal sector and movements
of workers from the formal sector to the informal sector as a consequence of the
policy. My estimates also indicate that the latent size of the formal sector is approx-
imately four times larger than the informal sector. Thus, small movements from the
formal to the informal sector still induce a sizable change in the relative size of the
informal sector. My estimates show that the minimum wage increases the size of the
informal sector by approximately 39%. Together, these effects imply a reduction in
the tax revenues collected by the government to support the social welfare system of

approximately 6%.
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The research design based on the sharp contrast in the effects of the minimum wage

between workers on each side of the minimum wage value allows for indirect tests of

the underlying identification assumptions of the model. The graphical and statisti-

cal evidence supports the maintained assumptions. The robustness checks performed

produced similar results to those of the baseline estimator.

There are, however, several limitations of this strategy. A fully structural model of

workers and firms behavior is not specified. Thus, this approach does not recover deep

parameters of the economy such as the elasticity of labor demand.*® An extended

version of the dual-economy model presented in this paper that fully incorporate

optimizing behavior from the workers’ side, such as a Roy-model of sector choice, is

the object of ongoing research.
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ESTIMATING THE EFFECTS OF THE MINIMUM WAGE IN A DEVELOPING
COUNTRY: A DENSITY DISCONTINUITY DESIGN APPROACH, SUPPLEMENTAL
MATERIAL

APPENDIX A: IDENTIFICATION

This section I prove identification of the parameters of the model and the joint
distribution of latent sector and wages under the assumptions of the Dual-Economy
model. In what follows, assume that the econometrician observes a random sample
of the pair {(W;(1),S;(1))} of size N from a population of interest. I also assume the
following easily verifiable technical conditions: the minimum wage m is set at a point

with non-zero density, that is, fo(m) > 0, Pr[W(1) <m] > 0, and A’'(m; 3) # 0.

LEMMA A.1 (Identification of sector-specific parameters) Under Assump-

tions 1, 2, 3, and 4, 7 is identified.

LEMMA A.2 (Identification of latent distributions) Under Assumptions 1, 2,

3 and 4, the latent joint distribution of sector and wages is identified.

Proor: Given Assumptions 3 and 4, the relationship between the observed density

and the latent one can be written as:

: if w<m
(1) fw)={ [ s, i o=
fofzw) if w>m

Given Assumptions 2, 3 and 4, the latent share of the formal sector A(w(0))
is identified using the information above the minimum wage. This is true because

1



2
Pr(S(0) = 1y{W(0) = w] = Pr[S(1) = 1|{W (1) = w] when w > m. Then, we have:

o —argmin [ (Pr{S(1) = 10(1) = o] — A(us H)PS@W (1) > m)d

m

Furthermore, we have that A(w;8y) = Pr[S(0) = 1|W(0) = w]| for all w.! Given

Assumptions 1, 3 and 4, we have:

Moreover, regarding the derivative of the wage density, we have:

! (w) fo(w) + Wd(w)cfé(w)

2 fw)= ‘

if w<m

fo(w)

C

if w>m.

Then, it can be shown that:

e (Fm=d fm-o) fm+o
malm) =1 Ho(ﬂm+d ﬂm+o) '

Because the RHS of this equation contains only objects of the observed wage distribu-
tion, this implies that 7/(m) is identified. Given that the function A(m) is identified,

we have:

) = [ra(m) — (1 = A(m)) - 7] - A(m) ™",

This can be shown using the equation below and its derivative with respect to the

INote the importance of all w in this sentence. This means that once we recover By, we can
forecast Pr[S(0) = 1|W(0) = w] for values of w that are below the minimum wage level. It should
be clear here why non-parametric estimation of the conditional probability of sector given the wage
is not an option. By assuming a parametric form, I can use the parameters to predict the latent
probability of sector given the wage for values at which, in the data, this probability is equal to zero
due to the minimum wage policy.



