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ESTIMATING THE EFFECTS OF THE MINIMUM WAGE IN A
DEVELOPING COUNTRY: A DENSITY DISCONTINUITY DESIGN
APPROACH

Huco JaLes!

This paper proposes a framework to identify the effects of the mini-
mum wage on the joint distribution of sector and wage in a developing
country. I show how the discontinuity of the wage distribution around
the minimum wage identifies the extent of non-compliance with the
minimum wage policy, and how the conditional probability of sector
given wage recovers the relationship between latent sector and wages.
I apply the method in the “PNAD”, a nationwide representative
Brazilian cross-sectional dataset for the years 2001 to 2009. The results
indicate that the size of the informal sector is increased by around 39%
compared to what would prevail in the absence of the minimum wage,
an effect attributable to (i) unemployment effects of the minimum wage
on the formal sector, (ii) movements of workers from the formal to the
informal sector as a response to the policy.

JEL CODES: J00, J31, J30

Keywords: Minimum wage, informality, density discontinuity, unemployment.

Despite its widespread use, controversy persists regarding the economic impact
of the minimum wage. A simple one-sector competitive market model predicts
that a minimum wage will generate unemployment when the minimum ex-
ceeds the market-clearing wage. However, if the employer has market power,
then a minimum wage can lead to an increase in wages and employment. In
an economy with a large informal sector, where some employers do not com-
ply with the minimum wage policy, the minimum wage might not generate
unemployment effects even in the absence of market power on the part of the
employer. This will hold as long as the workers can freely migrate from one
sector to the other and the informal sector is sufficiently large to accommodate
such movements.

These conflicting theoretical predictions provide a strong motivation for em-
pirical studies on the effects of minimum wage policies. In this paper, I develop
a Dual-economy model based on Doyle (2006) to assess the impacts of the min-
imum wage on (a) unemployment, (b) average wages, (c¢) wage inequality, (d)
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2 HUGO JALES

sector mobility, (e) the size of the informal sector and (f) labor tax revenues.
I model the joint distribution of wages and sectors (latent and observed), as
opposed to the marginal distribution of wages, as in Doyle (2006). A model
for the joint distribution of sector and wages allows me to infer the size of the
formal sector that would prevail in the absence of the minimum wage and com-
pute the proportion of workers who move to the informal sector in response
to the policy. I provide the conditions for identifying the Dual-economy model
parameters and the latent joint distribution of sector and wages, that is, the
distribution that would prevail in the absence of the minimum wage policy. My
identification strategy relies on the discontinuity in wage density at the mini-
mum wage and the differences in the response to the minimum wage between
the formal and informal sectors.

This paper’s contributions to the literature are the following: (i) I document
key empirical facts concerning the relationship between formal and informal
wage distributions that have been overlooked in previous research, namely,
the similarity between these distributions conditional on values above the
minimum wage. (ii) I provide a novel identification strategy that combines
a non-parametric density discontinuity design with a parametric model for the
conditional probability of sector given the wage. In particular, I show that
under reasonable conditions, the parameters that describe the effects of the
minimum wage and the underlying latent joint distribution of sector and wages
are identified using only cross-sectional data. (iii) I estimate a sector mobility
parameter, the probability that a worker in the formal sector moves to the
informal sector in response to the minimum wage. (iv) I estimate the effect
of the minimum wage on the joint distribution of sector and wages and (v) I
estimate the effect of the minimum wage on labor tax revenues. To the best of
my knowledge, this is the first paper that attempts to identify both the latent
share of the formal sector and the effects of the minimum wage on labor tax
revenues.

The identification problem studied in this paper includes minimum wage poli-
cies as a special case. In general, any policy that introduces a boundary type
of restriction can potentially be analyzed under this framework. Examples of
such policies are price floors, price ceilings, and age restrictions (such as the
restrictions for alcohol and tobacco consumption). This paper provides a set
of assumptions and data requirements under which it is possible to identify
the effects of such policies on these outcomes. This approach is closely related
to a growing literature that exploits “bunching” and discontinuities in density
functions to identify structural parameters and policy effects (Saez (2010),
Kleven and Waseem (2014)). See Kleven (2016) and Jales and Yu (2016) for
recent reviews.



MINIMUM WAGE IN DEVELOPING COUNTRIES 3

The model is estimated using the years 2001 to 2009 from “Pesquisa Nacional
por Amostra de Domicilios” (PNAD), a dataset comprising repeated cross
sections of an annual household survey that is representative of the Brazilian
population. I find that the probability of a formal worker switching to the
informal sector as a result of the policy is small — approximately 12%. The
combined effect of unemployment and transitions to the informal sector gen-
erated by the introduction of the minimum wage leads to an 9% decrease in
the size of the formal sector relative to the counterfactual state defined by the
absence of the minimum wage. This associated growth in the size of the infor-
mal sector as a result of the policy is 39% - an effect attributable to the fact
that the latent formal sector is four times larger than the informal sector of the
economy. Unemployment effects of the minimum wage are, as expected, highly
correlated with the real value of the minimum wage. Moreover, the minimum
wage strongly affects average wages (promoting an increase of approximately
16%), wage inequality, and labor tax revenues (-6%).

1. BACKGROUND

In Brazil, all workers are required to carry a government document called a
“Carteira de Trabalho”, or worker’s card. This document, introduced in 1932,
serves as proof of the worker’s legal employment status. If a worker is formally
employed in the Brazilian labor market, then her contract is signed by the
employer on a page of the worker’s card. This labor contract implies that the
worker’s employment is in compliance with labor taxes and labor regulations
such as the minimum wage. Formal employment gives the worker access to
benefits that include unemployment insurance and severance payments.

Not all labor contracts are signed by the employer and included in the worker’s
card. When an employer and a worker agree to a labor contract but decide not
to formally sign it and include it in the worker’s card, the worker’s employment
is called informal. Reasons for the existence of informal contracts include the
evasion of labor regulations, such as the payment of labor taxes, compliance
with the minimum wage, job safety standards, and restrictions on hours worked
per week.! This definition of informality is tightly related to compliance with
the minimum wage. However, these concepts are not equivalent. A worker with
a wage below the minimum wage level is surely an informal worker. However,
a worker whose wage is above the minimum wage may be formal or informal

IFirms face a trade-off between the costs of complying with the regulation and the proba-
bility /magnitude of punishment. The firms’ decision to hire formal versus informal workers
was investigated in Almeida and Carneiro (2012), Mattos and Ogura (2009), Galiani and
Weinschelbaum (2012), among many others.
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depending on whether his contract is signed by the employer. Pooling data
from years 2001 to 2009, the proportion of private sector workers between the
ages of 19 and 59 who are employed in the formal sector is .74. In other words,
more than one quarter of private sector workers do not have a signed contract
included in their worker’s card.

The history of the minimum wage in Brazil began during the Getulio Var-
gas government, on May 1st, 1940. Initially, the minimum wage varied across
regions to accommodate differences in price levels across the country. Subse-
quently, in 1984, regional minimum wages were unified into a single wage at
the national level. The periodicity of changes in the minimum wage has been
annual since the economy stabilized in 1994 (Lemos, 2009). In theory, all jobs
are covered, meaning that the (same) minimum wage level should apply to
every worker.? In practice, coverage only extends to workers with a contract
written on the worker’s card (Lemos, 2009).

A unified minimum wage set at the federal level with full coverage complicates
the task of finding an appropriate control group. This is because cross-border
differences-in-differences analysis, such as that in Card and Krueger (1994), is
ruled out as a practical option, as the same level prevails in all states. Another
feature of the minimum wage changes in Brazil is that since 2005, they have
been linked to inflation and GDP growth, which poses further challenges to
the use of time-series variation to estimate the effects of the minimum wage.
Under these conditions, it is more difficult to disentangle the effects of the
minimum wage from other sources of changes in the wage distribution that
are linked to changes in economic activity.

Despite these challenges, it is nevertheless possible to identify the effect of
the minimum wage using only cross-sectional data on sector and wages. This
paper describes a set of a priori restrictions — on the joint distribution of sector
and wage, and on the effects of the policy — that allows for identification of
the effects of the minimum wage using only cross-sectional data on sector and
wages. This research design is well suited to analyze markets characterized by
the absence of cross-sectional or time series variation on the policy level that
can be used for identification, such as the case of the minimum wage in the
Brazilian labor market.

The points of departure for this paper are the works of Meyer and Wise (1983)
and Doyle (2006). These papers show how to identify the effects of the mini-
mum wage on the distribution of wages. I extend their model to a two-sector,

2The constitution allows for states to set occupation specific wage floors, as long as they
are above the federal level. On appendix F, I provide a detailed discussion about the insti-
tuional background and its implications for my analysis.
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or dual-economy, setting with sector mobility. This allows wages in both sec-
tors to be affected, but in different ways, by the minimum wage. It also allows
me to capture the effects of the minimum wage on the size of the formal sector
and other related outcomes, such as labor tax revenues.

The dual-economy extension I develop presents new challenges for identifica-
tion. This is because the techniques presented in Doyle (2006) are not alone
sufficient to recover the sector-specific parameters of the model in this gen-
eral version. The reason is that applying Doyle’s strategy to the aggregate
economy only recovers a weighted average of the parameters, which will be
uninformative for most of the outcomes of interest. Applying his method to
each sector separately is not feasible, as workers have moved from one sector
to the other as a result of the policy. Thus, one of the contributions of this
paper is demonstrating how to identify the effects of the minimum wage in
this dual-economy setting.

In the next sections, I briefly describe the model of Doyle (2006) to highlight
the similarities and differences between his paper and the approach followed
here.

2. MODEL

The effect of the minimum wage on a worker’s wage is the difference between
her wage under the policy and the wage she would receive in its absence. The
fundamental problem of causal evaluation is that this difference is conceptu-
ally well defined but never observed in the data. This is true because we can
at most observe the wages for each worker in one of the two possible states of
the world. However, it is nevertheless helpful to consider these objects. Thus,
let worker i be characterized by an observed wage W;(1) and a corresponding
latent wage W;(0), which is defined as the wage that the worker would receive
in the absence of the minimum wage. I will denote the minimum wage level by
m. I will denote by Fy(w) (fo(w)) the CDF (pdf) of latent wages. Similarly,
denote by F(w) (f(w)) the CDF (pdf) of observed wages. To keep the nota-
tion simple, assume that these workers come from a population with similar
observable characteristics, and hence, we do not need to control for them. In
the absence of the minimum wage, every worker 7 in this population obtains
a draw W;(0) from the distribution Fj, which I will refer to as the underlying
wage distribution or the distribution of “market” wages. Although workers are
intrinsically homogeneous ez-ante, meaning that they draw their wages from
the same distribution, they will have different wages ex-post.

In the presence of the minimum wage policy, the worker will receive a draw
W;(1) from the distribution F', which I will refer to as the distribution of
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observed wages.

To make the problem of identifying the effects of the minimum wage tractable, I
follow Doyle (2006) by imposing a set of a priori restrictions on the distribution
of the latent variables and on the effects of the policy. As we will see, these
restrictions allow me to identify the effects of the policy without relying on
exogenous policy variations or time-series data.

2.1. Doyle’s Approach

This section describes the assumptions and estimation strategy used by Doyle
(2006). Assume that the econometrician observes a random sample of observed
wages {W;(1)} of size N from a population of interest. Let the following hold:

AssuMpPTION MW1  The density of latent wages, fo(m), is non-zero and con-
tinuous at m.

AssumMpPTION MW2  There are no spillovers from the minimum wage. This
means that W (1) = W(0) when W(0) > m.

AssumpTION MW3 If W(0) < m, then with probability m,,, the worker re-
cewes the minimum wage (W (1) = m). With probability w4, (W (1) = W(0)),
the worker’s wage is the same as the latent wage (non-compliance). With the
complementary probability 7, = 1 — 7w, — 74, the worker becomes unemployed

(W)=~

The probabilities (m,,, 74, T,) represent the likelihood of receiving the mini-
mum wage, non-compliance and unemployment. The goal of the exercise is to
recover the parameters of the underlying latent distribution of market wages
(i, 0) and the parameters (mg, 7,,, 7, ) that govern how the minimum wage af-
fects the economy. The key contribution of Doyle is to show that those parame-
ters are identified using data on observed wages (W;(1)). Perhaps surprisingly,
one need not have any variation in the policy to recover its effects.*

As discussed in Doyle (2006), assumption MW1 exploits the fact that the
distribution of worker productivity is likely to be smooth, but the observed
density of wages has a jump around the minimum wage. This jump may provide
just enough information to trace back the effects of the policy.

3Strictly speaking, the appropriate expression should be “non-employment”. I will refer
to this effect as the “unemployment” effect of the minimum wage. Throughout the paper
I will use non-employment and unemployment exchangeably, given that the model can not
distinguish these effects.

4Meyer and Wise (1983) showed that these parameters were identified under the assump-
tion of log-normality of latent wages.
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FI1GURE 1.— Doyle’s Model

Under assumptions MW2 and MW3, there is a relationship between the latent
and observed distribution of wages. This relationship is given by: f(w) =
Hw < m}”fo +o(w — m)’rmF"(w + T{w > m}fO , where ¢ = 1 — 7, Fy(m)
and ¢ is the Dirac delta function. Figure 1 displays a graphical example of the
relationship between the observed density, as approximated by a histogram,
and the latent density.

Taking the ratio of the density of observed wages just below and above the
minimum wage, that is, considering the lateral limits of the density at m, we

lim, .~ fw) _ lim,  _ T/
lim, .+ flw) lim, .+ fO(w)

using assumption MW1. To recover the remaining parameters, it is easy to see
that by integrating the density of observed wages up to the minimum wage, we
have Pr[W (1) < m] = M() Then, we have W = Im_ Because the
left-hand side of this equation is identified from tii (iata and ‘the right-hand
side is a function of only one unknown, this implies that m,, is identified. This

also implies that w, = 1 — 74 — 7, is identified.

have

= 74, where the last equality is obtained

. . PriW(l)<m
To identify Fy(m) one can usejD t[i;/e(lf)act] that Fy(m) = BT (T ;n([b] j;%j;r[‘]mlbm],
. . T <m _ s m)/c —
which follows  from: PriW (D) <mltmgPriw()>m] ﬂdFo(m)/ZJrSrd(lfFo(m))/c

Fo(m) —
Fo(m)—iO-ITFo(m) - F[)(m)

This implies that the latent distribution of wages can be recovered under as-
sumptions MW1, MW2, and MW3. The discontinuity in the observed distri-
bution around the minimum wage identifies the probability of non-compliance
with the policy my. This in turn allows us to recover 7,,, Fy(m) and, conse-
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quently, the entire latent wage distribution.’

As shown by Meyer and Wise (1983), the estimates of the disemployment
effects of the policy are obtained from the measure of the “missing mass” in
the wage distribution. It is easy to show that the unemployment probability
is equal to m, = FO(”;(Z@IT)(T") — }}(m). The first part of the right hand side of this
equation is the fraction of missing workers in the bottom part of the observed
wage distribution. In the next section, I will show that, in a dual economy
model, the observed density of wages in the informal sector may present the
opposite feature: Due to the inflow of workers from the informal sector, the

informal sector wage density may have an “excess of mass”.

2.2. Minimum Wage Effects in a Dual Economy

The Brazilian economy, similar to those of many other developing countries,
is characterized by a large informal sector. In Brazil, an informal worker is
defined as a worker whose worker’s card does not include a signed labor con-
tract. Informality is thought to arise in developing countries as a result of
restrictive and costly labor laws. Note that once the worker’s card is signed,
the collection of labor taxes should follow and compliance with minimum wage
and other labor standards has to be assured. A natural question that arises in
this context is the following: What is the role of the minimum wage in a econ-
omy with such a large informal sector? A large fraction of contracts outside
the “umbrella” of the labor laws may be a consequence of the minimum wage,
meaning that many workers (intentionally or not) have moved to the informal
sector as a consequence of the minimum wage policy. However, in principle, it
could also be the case that the observed proportion of workers in the informal
sector is completely unrelated to the level of the minimum wage. Informality
may instead depend on labor taxes and other forms of labor regulation (hours
worked, job safety standards and so forth) that have to be met regardless of
where the worker is located in the wage distribution. These two explanations
have markedly different policy implications but are in principle equally plausi-
ble explanations for the observed size of the informal sector. One of the goals
of this paper is to assess the relative importance of these explanations.

To do so, I generalize Doyle’s (2006) model to the case of a dual economy.
I model the joint distribution of wages and sectors (latent and observed), as
opposed to the marginal distribution of wages. This allows me to infer the size
of the formal sector that would prevail in the absence of the minimum wage

5The relationship between the observed and latent densities can be inverted once we know
the rescaling factor ¢ and 74. To see this, note: fo(w) = f(#)c ifw <m,and fo(w) = f(w)-c
if w>m.
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and compute the proportion of workers who move to the informal sector in
response to the policy.

Let worker ¢ be characterized by a pair of wage (W;(1)) and sector (5;(1)),
which is equal to one if she is employed in the formal sector and zero otherwise.
Compliance with minimum wage legislation is perfect in the formal sector but
not in the informal sector. This effectively means that the workers in the formal
sector are not allowed to have wages below the minimum wage once the policy
is introduced. If they remain employed in the presence of the policy, they must
either move to an informal contract or comply with the policy by receiving a
wage equal to m. In addition, for each worker, define a pair (W;(0), S;(0))
that denotes the counterfactual - or latent - wage and sector in the absence of
the minimum wage. Finally, define Fy(w) (fo(w)) as the c.d.f (p.d.f) of W(0)
and F(w) (f(w)) as the c.d.f (p.d.f) of observed wages (W;(1) or, in short
notation, W;). I will assume that the latent wage and sector distribution have
the following characteristics:

AssuMPTION 1 (Continuity) The density of latent wages and its first deriva-
tive exist, are non zero, and are continuous at m.

Because this is a model of the joint distribution of sector and wages, we need
to define another object, Pr[S(0) = 1|WW(0) = w]:

AssuMPTION 2 (Conditional probability of (latent) sector given the wage)
The conditional distribution of latent sector given the latent wage belongs to a
parametric family {A(w, 8) : B € B C R*}. That is, Pr[S(0) = 1|W(0) = w] =
Aw, By) for some By € B. Moreover, Pr[A(W(0), 8y) # A(W(0),5)|W(0) >
m] > 0 for all 5 # Bo.

With the conditional probability of latent sector (given the wage) and the
marginal distribution of latent wages, we have completely specified the joint
distribution of these variables.® The restrictive part of this assumption is that
the conditional probability of the latent sector given latent wages can be de-
scribed by a parametric model. The first part of the above assumption states
that there is a parameter [, for which the probability of the latent sector
given the latent wage w is exactly equal to A(w, fy). The second part of the
assumption ensures that there is only one parameter for which this condition

6This joint distribution could come, for example, from a Roy-type model of sector choice,
in which workers would choose the sector that yields the highest utility. Another model would
be one in which workers are assigned to firms that, based on labor taxes and probability of
punishment, decide whether they will employ formal or informal workers.
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holds. Both assumptions are standard in models with binary outcomes. For
concreteness, assume that the parametric model is a logit.

One relevant special case of assumption 2 occurs when Pr[S(0) = 1|W(0) =
w] = Pr[S(0) = 1] for all w. In this case, the conditional probability of latent
sector given the latent wage does not depend on w. As a result, the model for
the conditional probability of latent sector given the wage is trivially given by
a constant.”

AssumpTION 3 (No spillovers) Workers whose latent wages would be above

the minimum wage are not affected by the policy. That is, W (1) = W(0) and
S(1) = S(0) when W(0) > m.

This assumption is potentially strong. The absence of spillovers is, however,
implied by a simple Roy-model with a binding minimum wage. In the empirical
application, I show that my estimates of the effects of the minimum wage
on the size of the formal sector are robust to deviations from assumption.
The estimates remain of a similar magnitude when I assume limited spillovers
instead.®

To complete the model we need to define the minimum wage effects in the
lower-tail of the wage distribution. As discussed by Meyer and Wise, workers
in sectors operating in competitive markets whose wages would be below the
minimum might become unemployed as a result of the minimum wage. If there
is some bargaining involved in the wage determination, or if the employers
hold market power, some workers will “bunch” at the minimum as a result of
the policy. Finally, because compliance with the minimum is imperfect in some
markets, workers might migrate from the formal to the informal sector to avoid
unemployment. In terms of the model, this leads to the following assumption:

ASSUMPTION 4 (Minimum wage effects)  For wages below the minimum wage
(W(0) < m), we have the following: If S(0) = 0, then S(1) = S(0). Moreover,
with probability Wc(lo), the wage continues to be observed (W (1) = W (0)). With

the complementary probability m(,?) =1- WC(IO), the worker earns the minimum

wage (W(1) =m).2 If S(0) = 1, then with probability Wc(ll), the wage continues

"This seems to be approximately true in the case of the Brazilian labor market. Thus, I
will go back to this discussion in Section 5.

8This assumption can be relaxed if one is willing to assume a parametric family for
the latent wage distribution. Moreover, bounds can be computed for the parameters when
positive spillovers are assumed to exist but the researcher has no prior information on their
magnitude. See the Appendix D for further discussion of this issue.

9The reason for allowing 9 to be greater than zero is to account for the empirical fact
that the informal sector wage distribution also presents bunching at the minimum wage.
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to be observed (W (1) = W(0)), meaning that the worker successfully transits
from the formal sector to the informal sector.!® In this case, the observed sector
will be S(1) = 0, being different from the latent sector. With probability 7r7(,p,
the worker earns the minimum wage (W (1) = m, S(1) = 1). With the comple-

mentary probability (m(}) =1- 7T((11) — W,Q)), the worker becomes unemployed

(W(1)=-51)=")."

This assumption can be summarized be the following relationships: If W (0) <
m and S(0) = 1, then:

(W(0),0)  with probability ’/Tc(ll)

(W(1),S(1)) =4 (m,1) with probability w5
() with probability .

(W(0),0)  with probability WC(IO)

(m, 0) with probability .Y

Assumption 4 is a sector-specific version of assumption MW3 imposed by
Meyer and Wise (1983) and also by Doyle (2006). This assumption imposes
several restrictions on the way that the minimum wage affects the bottom part
of the joint distribution of sector and wages. In particular, it implies that: (i)
7 is not indexed by ¢, that is, the probabilities that characterize the effects
of the minimum wage are the same for all workers; (ii) V,m = 0, that is,
the probabilities of non-compliance, unemployment and earning the minimum
wage are constants, as opposed to functions of workers’ latent wage; and (iii)
wages of sub-minimum wage informal workers are not affected by the inflow
of formal workers to that sector.

Some of these restrictions can be relaxed. However, some of them are required
for my identification strategy to work, so it is helpful to discuss these conditions

10The assumption that the wage remains exactly the same when the worker moves to the
informal sector, that is (W (1) = W(0)), substantially simplifies the exposition. The same
results hold when this assumption is replaced with one in which the worker draws a new
wage from fo(w]S(0) =1, W(0) < m).

1Ty ease the exposition, I have assumed that m(i) and m(}) do not vary as a function

of the latent wage. In this case in which they vary over the latent wages, the parameter

recovered by assuming that they are constants is the expectation of the distribution of W,(é)

and 771(}) over the distribution of wages below the minimum. This result holds only as long

1 . .
as w((i ) remains constant as a function of the wage.
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in greater detail. Condition (i) is imposed just to simplify the exposition. When
the probabilities that characterize the effects of the minimum wage present
unobserved heterogeneity across workers, the model will implicitly “integrate
out” this heterogeneity. In that case, the estimates based on my identification
strategy can be interpreted as the average 7 over the mass of affected workers,
which is the natural extension of the parameter of interest when this parameter
presents heterogeneity over the population.'? Condition (ii) can be replaced by
an assumption that makes 7 a low order polynomial (such as a linear function)
of the worker’s latent wage. The second derivative of the wage density plays
a role on the identification of 7 in this scenario. The second derivative of
the wage density can also be used to test if condition (ii) is violated in the
data.!® In the application I assume a constant 7 with respect to wages since
the estimation of the second derivative of the wage density at a boundary point
is, in practice, challenging. Condition (iii) is necessary unless one specifies a
parametric functional form for the latent wage distribution.!4:!5

2.3. Discussion

The goal of the exercise is to recover the unknown parameters = =
(Wc(ll), m&?, m(tl), Wc(lo), m(g))’ and the joint distribution of latent sector and wages,
that is, the joint density that would prevail in the absence of the minimum
wage. By comparing this distribution with the observed distribution, I can
evaluate the impact of the minimum wage on expected wages, wage inequal-
ity, employment and other labor market outcomes. By defining the latent sec-
tor and the sector-specific parameters, a broader range of implications of the
minimum wage becomes assessable, such as changes in tax revenues and move-
ments between sectors. In Sections 2.4 and 5.5, I will discuss in detail how the
minimum wage affects these outcomes.

The assumptions used in this model are similar to the assumptions used previ-
ously in this literature. I maintain all assumptions from Doyle — or Meyer and
Wise, if one prefers a parametric specification for latent wages — and generalize
their approach to address sector-specific responses. Assumption 4, the assump-

12The conditions needed for identification under unobserved heterogeneity are discussed
in Appendix D.

BSee Appendix C for further discussion of this issue.

4Condition (iii) would be violated if, for example, the informal sector present congestion
externalities, due to imperfect mobility of capital across sectors or to search frictions. In
this case, the inflow of workers from the formal to the informal sector could reduce the
productivity of worker’s in the informal sector.

15 Jales (2015) uses this strategy and finds that the results are similar to the ones found
when imposing this restriction.
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tion that defines the sector-specific effects of the minimum wage, implies the
assumptions used by Meyer and Wise (1983) and Doyle (2006) concerning the
marginal distribution of wages. That is, the marginal distribution of wages
(which is obtained after integrating out the sector-specific wage distributions)
will resemble the density of wages that appears in Meyer and Wise (1983) and
Doyle (2006).

Despite these similarities, there are numerous advantages of using a model
for the joint distribution of sector and wages. This is especially true for de-
veloping countries, where the informal sector plays an important role in the
economy. This model accommodates a variety of responses of the economy to
the minimum wage policy. The model allows for the standard unemployment
effect. The model allows the minimum wage to have a “supporting” effect on
the lower tail of the wage distribution in such a way that the policy can affect
average wages and wage inequality. The model allows wages in the informal
sector to be affected by the introduction of the minimum wage — an effect
captured by the parameter 71';?). This model also allows workers to move to the
informal sector as a response to the minimum wage — this event is captured
by the parameter ﬁfll). Combined, these unemployment and sector mobility
effects allow the minimum wage to affect the relative size of the formal sector
in the economy, which in turn can affect labor tax revenues.

A two-sector model helps to interpret the parameters identified in the previous
work from Meyer and Wise (1983) and Doyle (2006). Meyer and Wise discuss
the possible reasons that one would observe a non-zero density of wages below
the minimum, such as uncovered jobs and non-compliance in covered sectors.
Ultimately, however, Meyer and Wise’s model identifies the aggregate likeli-
hood of non-compliance (7). This parameter is the proportion of workers who,
following the introduction of the minimum wage, do not ultimately respond to
the policy. An application of the law of iterated expectations shows that the
parameter estimated in their model is a weighted average of the sector-specific
parameters, with weights given by the latent shares of the sectors in the econ-
omy. The parameter m; does not identify whether workers earn sub-minimum
wages because they would already be working in non-covered sectors regard-
less of the policy or because they moved there as a response to the policy.
These two different stories are implied by different values of the sector-specific
parameters. However, they can imply the exact same value for m4. Moreover,
any combination of the two is also equally plausible when one estimates only
the aggregate or “unconditional” parameter m;. Thus, the sector mobility pa-
rameter Wc(ll) and the latent size of the uncovered sector Pr[S(0) = 1] are more
economically meaningful than the aggregate parameters.
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2.4. Model Analysis

In this section, I show that this model can capture a wide range of potential
effects of the minimum wage policy. To do so, I discuss the model’s implications
for some objects of interest, such as the sector-specific wage densities and the
conditional probability of formality given the wage.

Given assumptions 2 to 4 above, there is a relationship between the la-
tent and observed unconditional wage distributions. It is given by: f(w) =
Hw < m}w +6(w—m) [™ de + I{w > m}@, where ¢ =
1— /™ 7V A(w) fo(w)dw is a rescaling factor that ensures both densities inte-
grate to one. This parameter has the interpretation as the ratio of employment
in the presence of the policy to that in the absence of the policy.

Regarding the relationship between the sector-specific parameters and the
aggregate ones, we have mg(w) = A(w)wf(ll) + (1 — A(w))wg)), Tm(w) =
A(w)m(rp + (1 - A(w))ﬁﬁ,?), and m,(w) = A(w)m(}). The parameters m;(w),
Tm(w) and m,(w) are weighted averages of the sector-specific parameters with
weights given by the relative shares of each sector in the latent distribution.
They describe the unconditional probability of non-compliance, “bunching”
at the minimum wage level and unemployment at a given value of the wage.
These are the parameters estimated in the previous approach employed by
Meyer and Wise (1983) and Doyle (2006).'6

Examining the sector-specific wage density, one can see that for the formal
(1) _

sector, we have: f(w|S(1) = 1) = T{w <m}0 + o(w — m)% +

Hw > m}%. For the informal sector, we have f(w|S(1) = 0) =

wa(w w|S(0)=0 7r7(,?)F m|s(0)=0 w|S(0)=0
Hw < my LS00 4 (4 — ) SORLAEOD) | iy > gy} 01500,

where I define ¢ = 1 — Fy(w|S(0) = 1)(1 — 7)) and @ = 1 +
’/Tc(ll) /" 11\1(3(]1)1;) fo(w|S(0) = 0)dw so that both densities integrate to one. They
have the interpretation of the ratio of employment observed in the sector to
that in the absence of the policy. Figures 1 and 2 display the relationship be-
tween the latent and observed densities for the aggregate wage distribution,

for the formal sector, and for the informal sector, respectively.

The dual-economy model preserves the same relationship between the latent
and observed unconditional wage densities as in Meyer and Wise’s model.
However, the dual-economy model presents heterogeneity in the responses to
the minimum wage across sectors. The formal sector wage density below the
minimum wage vanishes, whereas in the informal sector, the density grows

16Note that, here, they are allowed to be functions of w as long as the latent sizes of the
sectors differ across wages and the model parameters differ across sectors.
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F1GURE 2.— Dual-economy Model: Latent and Observed Densities

according to the inflow of workers from the formal sector. As a result, the
density in the informal sector below the minimum wage can, for some values
of the model parameters, present a discontinuity at the minimum wage with the
“inverse” shape relative to that observed in the aggregate wage distribution.
That is, in the presence of sector-mobility, part of the “missing mass” in the
bottom of the wage distribution in the formal sector reveals itself as an “excess
of mass” in the bottom of the wage distribution in the informal sector.

Regarding the conditional probability of working in the formal sector as a
function of the wage, we have: Pr[S(1) = 1|W (1) = w] = T{w <m}0 +

H{w = m}ﬂ%:nf;;{fu(;j%j(\xﬁw +T{w > m}A(w). Figure 3 graphically displays the
relationship between the latent and the observed probabilities of formality with
respect to the wage. The model offers a sharp prediction concerning the effect of
the minimum wage on the conditional probability of the sector given the wage.
It states that for values above the minimum wage, this probability is equal to
the latent probability (Pr[S(0) = 1|W(0) > m] = Pr[S(1) = 1|W (1) > m]).
It states that the probability of working in the formal sector given the wage
will be zero for values below the minimum wage. At the minimum wage level,

(1) prm
it should be a particular constant (”’}‘m{r m?l(f)"}f(oqil)giw), which is likely different
from this function’s left and right limits. This result follows from the fact that
workers are not able to maintain wages below m in the formal sector and the

assumption of the absence of spillovers above the minimum wage level.

3. IDENTIFICATION

It is not possible to directly use the techniques developed in Doyle (2006)
in each sector separately, as I have introduced movements between them. To
identify the model, a different approach must be used. Below, I state the main
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F1GURE 3.— Dual-economy Model: Latent and Observed Conditional Prob-
abilities

identification results of this paper, which concern the identification of (a) the
latent joint distribution of sector and wages; that is, the distribution that
would prevail in the absence of the minimum wage; (b) the vector of parameters
7 that governs how the minimum wage affects the economy; and (c) the effects
of the minimum wage on functionals of the distribution of sector and wages.
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: Pr[W (1) < m] > 0, and

N (m; By) # 0.

LeEmMA 1 (Identification of sector-specific parameters) Under As-
sumptions 1, 2, 3, and 4, 7 is identified. Proof: See Appendix A.

LEMMA 2 (Identification of latent distributions) Under Assumptions

1, 2, 3 and 4, the latent joint distribution of sector and wages is identified.
Proof: See Appendix A.

COROLLARY 1 (Identification of the minimum wage treatment ef-
fects)

Under Assumptions 1, 2, 3 and 4, the effects of the minimum wage on func-
tionals of the joint distribution of sector and wages are identified. Examples
of such functionals are the effects of the minimum wage on average wages, on
the standard deviation of wages, on quantiles of the wage distribution, on the
size of the formal and informal sectors, on the average wages conditional on
sectors, and on labor tax revenues.
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The key points that permit the identification are as follows: The shape of the
relationship between sector and wages for values above the minimum wage is
preserved in the presence of the policy. This allows us to obtain estimates of the
latent share of the formal sector for values below the minimum wage level by
extrapolating the curve we observe in the upper part of the wage distribution.'”
The identification of the latent wage density builds on the approach in Doyle
(2006) in the sense that the probability of non-compliance with the policy is
identified using the ratio of the density of wages above and below the minimum
wage level. To complete the identification, the sector-specific parameters are
identified using the derivative of the wage density.'®

F1GURE 4.— Conditional Probabilities under Independence

4. ESTIMATION

In this section, I discuss how to estimate the model parameters and latent
distributions using non-parametric kernel methods. The non-parametric esti-

1"The relationship between latent sector and wages can only be observed for values above
m. If this function is specified non-parametrically, the latent share of formal workers for
values below m would essentially be unidentified. However, by relying on the parametric
functional form, I can extrapolate the relationship observed above m to predict the latent
share of workers that would prevail below the minimum wage in the absence of the policy.
This is achieved by estimating the parameters of the function A(w) using wages above m
and then using the estimated parameters for the prediction for all wages, both above and
below m.

I8Tf Jatent sector and wages are independent, one need not resort to the derivative of
the wage density at m. In this case, identification of the sector-specific parameters can be
achieved by examining the distribution of wages given the sector. See Appendix A for a
detailed discussion of this issue.
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mation strategy used here is local linear density estimators.

As in Doyle (2006), the model can also be estimated without assuming that
the latent wage distribution belongs to a known parametric family. A crucial
step in obtaining non-parametric estimates of the objects of interest, such
as the model parameters and the counterfactual distributions, involves the
estimation of a ratio of one sided limits of the density at the minimum wage.
The estimation of these quantities can be performed using non-parametric
methods. Note that because the density is discontinuous around the minimum
wage, only observations below the minimum are informative for lim.,, - f(w)
(and similarly for the density above the minimum). This implies that the
estimators of these quantities will behave as if the minimum wage were a
boundary point of the density, which has implications in terms of bias and
variance (McCrary (2008)).

Therefore, it is advisable to use methods ensuring that the performance of
the density estimator is satisfactory on points that are close to the support
boundaries. I use local linear density estimators, which have the same order of
bias at the boundary as at interior points of the distribution. In Appendix B,
I formally describe how to non-parametrically perform the density estimation.

For the remaining terms that need to be estimated, I will use the plug-in
approach and replace the unknown objects in the identification section with
= %Z;;, where f(m_) is the estimator
of the density just below the minimum wage value using the local linear density

estimator. In addition, for the estimator of 7/,(m), we can define 7, (m) =
<f’(m*> _ f(m*)) J'(m*)

fm®)  f(mT) /) f(m¥)
To complete the process of recovering the structural parameters m, one re-
quires estimates of A(m) and A’(m). These objects are the latent share of
the formal sector and the change in it at m. For that purpose, one needs to
estimate (. Given Assumptions 2 and 3, the estimator can be defined as:
B = argming Y0 (S; — A(W;; B))2I{W; > m},
Then, given that we estimated [y, we can plug it into the function A(.) to
obtain an estimate of A(m) and A’(m). They will be given by A(m) = A(m; B)
and N'(m) = A’(m;B). Using the estimate A(m) of the latent share of the

formal sector, we can define the plug-in estimator for the parameters 7Tc(ll) and

0) ~0) _ ~ A(m) ~ ~(1) _ i~ N ~(0
70 20 = 2 (m) — K,<(m>)7r;l(m), and 7" = [Fy(m) — (1 — A(m)) - 7] -

/A\(m)_l. To complete the estimation, we first need to estimate ¢ before we

d((“u)) du + 1 — F(m)]™". Then, the

estimates of the latent wage distribution can be defined, for w # m, as: ﬁ)(w) =

their consistent estimators. Thus 74(m)

recover the latent wage density: ¢ = [[

T
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TABLE 1
DESCRIPTIVE STATISTICS

&Ugg + {w > m}f(w).

B

H{w < m}
The consistency of the 7, B and, consequently, /A\(w) and f(w) follows di-
rectly from the identification equations and the consistency of f(w) and f'(w).
Closed-form expressions for the asymptotic variances can be derived. However,
I will rely on resampling methods to estimate them in the empirical applica-
tion.

T

5. EMPIRICAL APPLICATION: THE EFFECT OF THE MINIMUM WAGE IN
BRAZIL

For my empirical application, I consider a stronger version of Assumption 2:
ASSUMPTION 5 Independence: Pr[S(0) =1|W(0)=w|=A V w.

This assumption implies that latent sector and wages are independent. Figure
4 displays the relationship between the latent and observed conditional prob-
abilities of formality with respect to the wages under this assumption. This
assumption is testable. Below, I provide evidence that it is not violated in the
context of the Brazilian labor market.

Independence greatly simplifies the identification and estimation, as can be
seen in Appendix A.2. Independence (and the absence of spillovers) allows
me to identify the latent share of the formal sector by examining the ob-
served share of the formal sector for wages that are above the minimum wage
level. Moreover, it implies that the aggregate minimum wage probabilities
(mg(w),mm(w),m(w)) do not vary across wages even if the parameters differ
across sectors. This is because the latent share of each sector becomes con-
stant with respect to wages. This allows me to identify the model parameters
by simply examining the discontinuity in the aggregate wage distribution at
m and the sector-specific wage distributions. As a result, I will not need to
rely on estimating the derivative of the wage density at the boundary point, a
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TABLE II
DESCRIPTIVE STATISTICS BY SECTOR

Formal Sector Informal Sector Difference

Wage 874.599 556.114 318.485%**
(1.716) (3.755) (3.661)
Female 0.359 0.340 0.019%**
(0.001) (0.001) (0.001)
White 0.583 0.482 0.101%**
(0.001) (0.001) (0.001)
Education 10.246 8.840 1.406%**
(0.006) (0.010) (0.011)
Tenure 4.639 3.134 1.505%%*
(0.009) (0.013) (0.017)
Age 33.312 32.003 1.309%**
(0.015) (0.026) (0.030)
Minimum wage worker 0.103 0.151 -0.047%%*
(0.000) (0.001) (0.001)
N 420,097 159,155

Note: Standard errors in parentheses.

problem that is both in theory and in practice much harder than estimating
the density’s level.

In Appendix A.2, I describe how to identify the model under this condition.
The estimation strategy I use follows the same method as in the general form
of the model. That is, I estimate the density of wages at the boundary using
local linear density estimators and use a plug-in method for the remaining
objects. Namely, once I estimate the lateral limits of the density of wages
at m, I complete the estimation by replacing the objects in the identifying
equations using their respective sample counterparts. In the next sections, I
describe the data and discuss the results obtained when estimating this model
for the Brazilian labor market.

5.1. Data and Descriptive Statistics

To evaluate the effects of the minimum wage on labor market outcomes, I
used data for the period from 2001 to 2009 from the PNAD dataset. These
data have been collected by the IBGE — which is a Portuguese acronym for
“Brazilian Institute of Geography and Statistics” — since 1967 and contain
information on income, education, labor force participation, migration, health
and other socioeconomic characteristics of the Brazilian population. Workers
who do not report wages, those who work in the public sector and workers who
are older than 60 years of age or younger than 18 years of age were removed
from the sample. The PNAD dataset includes information on the worker’s
labor contract status, which was used to define formality.

The variable of interest — the wage — is measured at the monthly level, which
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TABLE III
DESCRIPTIVE STATISTICS: CONDITIONAL PROBABILITIES

Pr(S=1] Pr[(S=0 Pr(W =m] Pr[W <m]

Unconditional 0.738 0.262 0.116 0.073
Conditional on sector

Formal 1.000 0.000 0.103 0.006
Informal 0.000 1.000 0.151 0.265

Conditional on wage

W<m 0.056 0.944 0.000 1.000
W=m 0.659 0.341 1.000 0.000
W >m 0.811 0.189 0.000 0.000

Conditional on gender
Male 0.732 0.268 0.099 0.066
Female 0.748 0.252 0.147 0.088

Conditional on race
White 0.773 0.227 0.082 0.047
Nonwhite 0.694 0.306 0.157 0.107

Conditional on education

Less than 5 years 0.576 0.424 0.180 0.179
Less than 12 years 0.672 0.328 0.143 0.108
More than 12 years 0.797 0.203 0.041 0.022
Conditional on region

South 0.803 0.197 0.062 0.040
Southeast 0.778 0.222 0.079 0.041
Center-West 0.706 0.294 0.129 0.050
North 0.623 0.377 0.182 0.106
Northeast 0.608 0.392 0.246 0.198

Note: N = 579,252

is the most natural unit in the Brazilian institutional context. A feature of
the Brazilian labor market is that wages are typically specified at the monthly
level, the same unit of measure as the minimum wage. The labor contract also
establishes the number of hours of work per day (typically 6 or 8 hours).'? T will
treat the wage reported in the survey as the contracted wage, so no adjustment
for hours need to be performed. As a result, wages below the minimum wage
are not, in principle, a result of a “division bias”.

The empirical strategy will assume also that the wage is measured without er-
ror. This is unquestionably a strong assumption, given that the observed wage
distribution presents “heaping” at round numbers. In my baseline estimates, I
attempt to minimize the damage due to this particular form of measurement
error by using larger values for the bandwidth. In the Appendix E.2, I estimate
a modified version of the model that explicitly takes “heaping” into account,
obtaining similar results to my preferred specification.

As mentioned above, all workers in Brazil carry an official document called
“Carteira de Trabalho” (worker’s card). This document is signed by the em-

19At the end of the month the worker will receive a payment “pro rata” based on the
actual number of days he or she worked. This payment will present some small variation
across months due to reasons such as holidays, absences, overtime pay and the like.
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F1GURE 5.— Empirical CDF's

ployers in the formal act of hiring. The lack of a formal signed labor contract
means that the employer is not forced to collect labor taxes or to comply
with the minimum wage and other types of regulation. The Brazilian economy
is known to be characterized by a large informal sector. Tables I, IT and III
illustrate this fact and describe the main features of the data.?

Figure 5 displays the empirical CDF's of the formal and informal sectors. A few
interesting facts can be noted: The empirical cumulative distribution of wages
seems to have a spike at the minimum wage level in both sectors, and virtually
no worker in the formal sector receives wages below m. Thus, informality
is closely related to sub-minimum wages. However, these concepts are not
equivalent, as a sizable fraction of informal workers earn wages above the
minimum wage level.

Table II shows that workers in the informal sector earn on average approxi-
mately 36% less than workers in the formal sector. In addition, in terms of the
observable characteristics, workers in the informal sector are more likely to be
male, nonwhite, less educated and young. Considering the likelihood of earning
minimum and sub-minimum wages, Table III shows the heterogeneity of these
probabilities across population subgroups. For example, white workers are 48%

20A11 estimates are computed using survey weights.
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FI1GURE 6.— Kernel Density Estimates
Unconditional Wage Distribution

less likely to earn the minimum wage than are nonwhite workers. Workers with
less than 5 years of education have an approximately 18% likelihood of earning
the minimum wage, whereas the corresponding likelihood is only 4% for work-
ers with more than 12 years of education. Regarding the geographic variation,
workers in the South Region have a 6% probability of earning the minimum
wage, whereas workers in the Northeast have an approximately 25% proba-
bility 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 ob-
servable 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 for-
mal sector is lower for low education groups, nonwhite, and in the North and
Northeast regions.
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TABLE IV
MODEL PARAMETER ESTIMATES BY YEAR

5.2. Main Results

In this section, I will discuss the results obtained after estimating the model
for the Brazilian labor market. The model is estimated (separately) for the
years 2001 to 2009. As discussed in the estimation section, all objects in the
model can be estimated by replacing the population object with its sample
analog. The only exception to this is the density of wages at the boundary. To
estimate this object, I use a local linear kernel estimator with a normal kernel
and a bandwidth equal to eight times Silverman’s rule of thumb.?!

Figure 6 shows a plot of the observed density of wages and its latent coun-
terpart. We can see that, as a consequence of sizable unemployment effects,
the observed density above the minimum wage is higher than the latent den-
sity. Due to both bunching at the minimum and unemployment, the observed
density below the minimum wage is smaller than the latent density. The esti-
mates of the model parameters used to construct this latent density are shown
in Table IV.?2

In examining the point estimates and standard errors in Table IV, we see
sizable estimates of the unemployment probability ,.2> The evidence from

21T show that the results are robust to the choice of bandwidth the Appendix E.3. Jales
(2015) shows, furthermore, that the estimates of 74 are similar to the estimates obtained
using a parametric model that bypasses entirely the need to specify a bandwidth.

221 discuss the implication of these estimates for wage inequality on Appendix E.5.

23The unemployment probabilities I obtained are comparable to the results obtained in
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Table IV also suggests that sector mobility is limited. The estimates of the
sector-mobility parameter (Wc(ll)) are approximately 12%, with a maximum of
22%. 1 discuss in greater detail the implications of this result in Section 5.5.
The period of 2001 to 2009 is characterized by an increase in the real value
of the minimum wage. We should expect the estimates of the mass of affected
workers, Fy(m), to reflect this feature of the data. Regarding Table IV, we
observe a close relationship between the minimum wage level and estimates
of Fy(m). The correlation coefficient of the estimate of Fy(m) with the (real
value of the) minimum wage is approximately 0.90.

The minimum wage disemployment effects 1 estimate compare the employ-
ment levels in the presence of the policy with their latent counterparts. As a
result, it is not trivial how to compare these estimates with most of the litera-
ture that estimates the effects of marginal changes in the policy.?* To put the
disemployment estimates into perspective, I perform a back of the envelope
calculation to estimate the implied elasticity of employment with respect to
the minimum wage level. I do so by regressing the logarithm of the estimate
of ¢, the minimum wage employment effect on the logarithm of the minimum
wage level. This exercise exploits the correlation (over time) of the minimum
wage level with the estimates of the employment effects.

This exercise gives me an elasticity of approximately -.22, statistically different
from zero at conventional significance levels (with a somewhat wide confidence
interval from -0.06 to -.4). This elasticity is close to the bulk of the literature
that estimated minimum wage effects using panel data methods and natural
experiments. For the typical minimum wage increases I observe in the data — of
around 12% —, the elasticity estimates would imply a decrease of approximately
2.5% on aggregate employment, ceteris paribus. Although the unemployment
probability estimates seem large, they imply reasonable employment effects
when applied to the set of workers affected by marginal changes in the policy.

5.3. The Geographic Heterogeneity of Minimum Wage Effects

The Brazilian economy is characterized by considerable geographic variation in
the size of the formal sector, as shown in Table III. The size of the formal sector
in the Southeast region is approximately 0.78, whereas in the Northeast region
the size of the formal sector is approximately 0.61. Table V shows the model

papers that tried to estimate the same parameters (Meyer and Wise (1983), Doyle (2006)).

24The unemployment effects estimated from the “missing mass” in the wage distribution
should be closer to the long-run than to the short-run effect of the minimum wage. This
could be one explanation for the magnitude of my estimates of the disemployment effects of
the policy (Meer and West (2015), Baker, Benjamin, Stanger (1999), Sorkin (2015).
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TABLE V
THE GEOGRAPHIC HETEROGENEITY OF MINIMUM WAGE EFFECTS

parameter estimates separately for the Southeast and the Northeast region.
In the Northeast region the minimum wage “bites” at a much higher point in
the wage distribution when compared to the Southeast. The latent size of the
formal sector in the Southeast is 0.81. In the Northeast region, the latent size
is 0.76. These regions also differ in their responses to the (same) minimum
wage policy. In the Southeast we observe a high probability of unemployment
(0.65). We also observe a low estimate of the sector mobility parameter (0.04).
In the Northeast, we observe a lower probability of unemployment (0.33),
higher probability of non-compliance (0.33), and higher probability of moving
to the informal sector (.26).%°

Regarding the informal sector parameters, ﬂ(go) and w,ﬁ?’, I do not reject the null

hypothesis that the coefficients are the same across regions. This suggest that
the differences we observe in the joint distribution of sector and wages across
these regions come from differences in their latent distributions and differences
in the formal sector’s response to the minimum wage. A decomposition exercise
based on the estimates from Table V show that approximately 72% of the
differences in the observed size of the formal sector between the Northeast and
the Southeast are a result of the minimum wage. The remaining 28% of the
differences in the size of the formal sector across these regions are due to other
economic factors that cause the Southeast to have a larger size of the formal
sector throughout the wage distribution above and beyond their differences
in the minimum wage effects. This exercise indicates that the minimum wage
affects a substantially larger proportion of workers in the Northeast economy,
thereby inducing a larger inflow of workers to the informal sector in that region.
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FIGURE 7.— Disemployment estimates and share of disemployed workers

5.4. Investigating the Disemployment Effects

Even though the minimum wage imposes the same floor for all individuals in
the population, the same constraint is not equally binding for all groups of the
population.?® As a result, the effect of the minimum wage may be larger for
young adults, when compared to their older counterparts. Similarly, we should
expect larger effects for low education groups, when compared to workers with
high education.

This variation can be used to informally validate the estimates of the model
parameters: If larger minimum wage effects are found in sub-groups for which
we do not expect the minimum wage to be binding, then one would worry
that the estimates are capturing something else unrelated to the effects of the
policy. However, if we find that the estimated effects tend to be larger for the
sub-groups we ex-ante expect them to be, then we could be cautiously more
confident that the estimates indeed are capturing the effects of the policy.
Thus, to verify whether the minimum wage effects obtained in my empirical
exercise are reasonable, I perform the following exercise: I pool the data for all
years, normalizing the wages around the minimum wage level, and estimate the
model for narrowly defined groups of age, education, race and gender.?” Then

25The region where the latent size of the formal sector is higher also presented a higher
likelihood of sector mobility. This result may also suggest that formal and informal sectors
operate in most cases in distinct labor markets, in the sense that they are located in differ-
ent geographic regions or different industries. This could be one explanation for the small
estimates of the likelihood of sector mobility found in the aggregate economy.

26The variation on the minimum wage “bite” induced by the same level of the minimum
wage was ingeniously used to identify the effect of the policy in the US context in Card
(1992).

2TThe groups are defined by the binary indicators of gender (male versus female), race
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TABLE VI
MINIMUM WAGE EFFECTS ON LABOR TAX REVENUES

I plot the total employment effects I obtained for these groups with the actual
fraction of workers that are non-employed. If the estimates of the employment
effects based on the “missing mass” on the wage distribution are capturing a
real disemployment effect of the policy, higher missing mass for certain groups
should be positively correlated with a higher fraction of workers disemployed
in these subgroups.

Figure 7 displays the results of this exercise. The results suggest a positive
correlation between the estimated disemployment effects of the policy and
actual presence of disemployment in these sub-populations.?®

There are a few groups, however, in which the estimated effects fall below the
45-degree line. The 45-degree line is the natural bound for the disemployment
effect. For these groups, the estimated disemployment effects are too large to be
justified from the fraction of disemployed workers.?” Incorporating this type of
moment inequality condition to improve the estimates can be a fruitful avenue
of future research.

5.5. Tax Revenues and the Size of the Informal Sector

A comparison of Tables I and IV shows that the minimum wage reduces the
share of the formal sector in the economy. This occurs through two different but
related channels: First, the minimum wage reduces the size of the formal sector
as long as the unemployment effects are greater than zero, as has been found
in Brazil. Second, the minimum wage increases the size of the informal sector

(white versus non-white), age (above and below 35 years old), and the education groups
(less than high school, high school, some college, and college educated workers), which give
me a total of 32 cells.

28The regression coefficient of the total employment effect and the observed rate of dis-
employment gives a point estimate of 0.99, statistically significant at conventional levels,
and an R-squared of 0.75.

29Tn the Appendix E.1 I extent this analysis by showing the correlation between median
wages and the minimum wage “bite” Fy(m) and also the correlation between Fy(m) and
the estimated effects of the minimum wage on the size of the formal sector.
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through sector movements that are driven by the policy itself. Overall, the
share of the formal sector in the Brazilian economy is reduced by approximately
9% as a result of the minimum wage policy.?"

For this reason, the minimum wage indirectly affects the government budget.
The minimum wage affects the shape of wage distribution, the relative size of
the formal sector and the likelihood of employment. Each of these effects has
the potential to alter tax revenues.

The goal of this section is to derive an estimate of these effects. I consider the
effects on revenues from the INSS tax, which is the Brazilian labor tax. The
INSS is collected to fund the social insurance system in Brazil, and the rate
is 20% for companies included in the regular system of taxation and 12% for
small companies that opt for the “simplified” system. To estimate the effects,
I will rely on the following assumption:

ASSUMPTION 6 No Taz Revenues in the Informal Sector

Let T'(1) represent the expected value of tax revenues in the formal sector under
the imposition of a minimum wage and 7'(0) in its absence. By definition, we
have T'(1) = E[r(W;(1))W;(1)S;(1)],and T(0) = E[r(W;(0))W;(0)S;(0). The
object of interest is the ratio between these two quantities. After some algebra,
we have R = % = i:?gé;zﬂ c g:g%géig%géilggégzﬂ This expression is fgrther
simplified in the Brazilian case, where labor taxes are a constant fraction of
wages. In this case, R is given by: R = % = % - C- %.
Thus, the effects on tax revenues can be decomposed into three components:
compression of the formal sector, employment effects, and change in expected
wages in the formal sector. This equation shows that the tax effect of the
minimum wage will depend on the relative magnitude of these effects.

I compute the tax effects of the minimum wage using a plug-in approach for
the components of the equation above based on the model parameter estimates
from Table IV. Table VI displays the estimated effects. The minimum wage
policy seems to generate sizable unemployment effects and to reduce the size
of the formal sector. These effects are large enough to compensate for the

increase in expected wages. Therefore, the minimum wage reduces the mass of

30My estimates imply that the mass of workers at and below the minimum wage level
is inconsistent with absence of disemployment effects under smooth non-compliance proba-
bilities and a continuous latent distribution of wages. The “missing” mass of workers at or
below the minimum wage level is attributed in the model to unemployment effects of the
policy. Similarly, high sector-mobility probabilities (7?&1)) are inconsistent with my estimate
of the latent share of the formal sector and the density of low-wages in the informal sector.
That is, we do not observe enough small wages in the informal sector to justify larger sector
mobility parameter estimates.
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FIGURE 8.— Formality vs. Wages

Note: Conditional probabilities estimates based on a local-constant estimator using an Epanechnikov kernel and the
standard “rule of thumb” bandwidth.

wages in the formal sector, with a corresponding decline in labor tax revenues.
The estimates range from 3% in 2001 to 11% in 2007.

5.6. Testing the Underlying Assumptions and Robustness Checks

This research design allows me to graphically inspect whether some of my
identifying assumptions are plausible.?! First, I will indirectly assess the ad-
equacy of Assumption 5, the independence between latent sector and wage.
This assumption has different implications which can be, up to a certain extent,
verified. One implication pertains to the proportion of workers in each sector
as a function of the wage. If the assumption holds, this proportion should not
vary with the wage for wage values that are above the minimum, as shown in
Figure 4. A naive regression of formality on wages should mechanically detect
a negative relationship because no worker in the formal sector can earn below
the minimum wage. However, after restricting our attention to wage values
above the minimum, the relationship should disappear. Another related way
to test the assumption is to examine the CDF conditional on wages above the
minimum. If the model is correct, differences in the observed wage distribu-
tions across sectors at values above the minimum will only be due to rescaling
induced by unemployment and sector mobility. Thus, by conditioning on val-

31T discuss the theory behind the tests performed in this section in Appendix C.
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F1GURE 9.— Empirical CDF by Sector above the Minimum Wage

ues above the minimum, the effects of rescaling and sector movements should
disappear, and the densities should be approximately the same.

Figures 8 and 9 provide visual evidence of the accuracy of this assumption
within the Brazilian context. Above the minimum wage level, the proportion
of workers in the formal sector of the economy does not seem to systematically
vary with the wage. This evidence supports the assumption that the underlying
latent density of wages should be the same between sectors. The plots of the
empirical CDFs in Figure 9 across formal and informal sectors point in the
same direction: Workers in the formal and informal sectors apparently draw
from similar distributions for wages above the minimum wage. This suggests
that the differences between the overall distribution of wages occur mostly as
a result of the different ways in which the sectors respond to the minimum
wage. Note, however, that the assumption 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 similar
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.
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TABLE VII
FORMALITY vS. WAGES - LINEAR REGRESSION ESTIMATES

2001 2002 2003 2004 2005 2006 2007 2008 2009

W >0 LOZERE 9 IpiHk QTR 9 g3k 9 TgRek 9 GRRE Q7GR 95 (72
(0.14)  (0.14)  (0.13)  (0.34)  (0.15)  (0.62)  (0.15)  (0.48)  (0.59)
Wosm Q87 Q7IFRE Q908K (79%RF (B4FRE Q6IFFE (7300 051FF 0,09
(0.08)  (0.08) (0.07) (0.12) (0.08) (0.15)  (0.08)  (0.11) (0.16)
W > Lhm  040%FF 0.26¥FF (426K 038%%  0.12% 0155  0.17%% 002  -0.03
(0.06)  (0.07)  (0.06) (0.07) (0.07) (0.06) (0.07)  (0.06) (0.08)
W>2m 0159 007 034%F 008  -007 007 008  -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.

Table VII shows the estimates of one hundred times 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 condition-
ing on higher values, several estimates that are not different from zero were
found.3?

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 VIII 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. Dis-
continuities 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 den-
sity, then the magnitude of the bias on the estimates of the model structural

32Jales (2015) further investigates the consequences of imposing the independence as-
sumption. Estimating a general form of the model, he finds a positive relationship between
latent sector and wage. However, as suggested by the results in Table VII, the magnitude
of the estimates of this relationship are very small, close to zero. As a result, the estimated
effects of the minimum wage using the general form of the model are similar to the results
obtained under independence.
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TABLE VIII

PLACEBO TESTS: DISCONTINUITY ESTIMATES USING VALUES OTHER THAN THE
MINIMUM WAGE

Wage | 10 20 30 40 50 60 70 80 90 100

Bascline [ L0077 0.92077F 0.003F% LIIIF® 113077 LI737°%F L1097 0.020°%F 0.0617FF 0.8827F
200 | (0.008)  (0.008)  (0.008)  (0.009)  (0.009)  (0.009)  (0.007)  (0.007)  (0.007)  (0.007)

Halt | L0399 0.876¥FF  1,003%FF  LIOI¥H L1780 1IGLFFF  0.96GOFF  (.654%%% 0.7425%% 0,579+
| (0.011)  (0.011)  (0.010) (0.013) (0015  (0.014)  (0.010)  (0.008)  (0.009)  (0.010)

Bascline | 1L020%5%  0.007%5%  0.804%FF  1OT6¥H  1.0S4¥FF  1104%%F  1.04G**  (.899%%% 1.050%%% 0.995%
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***  (.737*F%  1.08I*F*  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.

parameters would be of negligible economic significance. All the qualitative
implications of the model parameter estimates based on the continuity as-
sumption would remain valid.??

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, 7y, is identified 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 estimators with the bandwidth equal to eight times
Silverman’s rule of thumb. In the Appendix E.3, I show that I obtain similar
results when estimating the model using different choices of the bandwidth.

In the Appendix E.4 I discuss the identification of the effect of the minimum
wage on the size of the formal sector under the presence of spillovers. Under
Assumption 5, 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.

331 discuss in Appendix D the consequences of estimating the model incorrectly assum-
ing continuity for the latent wage distribution. The estimators of the probabilities of non-
compliance and “bunching” at the minimum wage will be inconsistent if the latent wage
distribution is discontinuous at the minimum wage level. The ratio between the true struc-
tural 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 my
for the year 2001 from 0.20 to 0.22. Similarly, 7, increases from 0.26 to 0.28.
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6. CONCLUSION

This paper develops a dual-economy model to analyze the effects of the mini-
mum 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.

The main results are that the minimum wage significantly alters the shape
of the lower part of the wage distribution, inducing an increase of approxi-
mately 16% on average wages. However, the minimum wage generates sizable
unemployment effects and a decrease 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
response to the policy. My estimates also indicate that the latent size of the
formal sector is approximately four times larger than the informal sector. As
a result, small movements from the formal to the informal sector still induce
a sizable change in the relative size of the informal sector. I estimate 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%.

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 statistical evidence supports the maintained assumptions. The
robustness checks performed produced similar results to those of my preferred
estimates.

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 worker’s side, such as a Roy-
model of sector choice, is the object of ongoing research.
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APPENDIX A
A.1. 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,
Priw (1) < m] > 0, and A’(m; By) # 0.

LEMMA 1 (Identification of sector-specific parameters) Under Assumptions 1, 2, 3,
and 4, 7 is identified.

LEMMA 2 (Identification of latent distributions) TUnder Assumptions 1, 2, 3 and 4,
the latent joint distribution of sector and wages is identified.

PRrROOF: Given Assumptions 3 and 4, the relationship between the observed density and
the latent one can be written as:

ma(w) fo(w)

= if w<m
(1) flw) = fm de i w=m
@ 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 Pr[S(0) = 1|W(0) =
w] = Pr[S(1) = 1|W (1) = w] when w > m. Then, we have:

Bo = argmﬂin /OO(PT[S(l) =1W(1) = u] — Alu; B))2 f(u|W (1) > m)du.

m

Furthermore, we have that A(w;3y) = Pr[S(0) = 1|W(0) = w] for all w.3* Given Assump-
tions 1, 3 and 4, we have:

f(m —e)

Wd(m) = lim€_>0+ m

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

@ Jo(w) if w>m.

f/(w):{ mplfo(w) | maliW) iy oy

34Note the importance of all w in this sentence. This means that once we recover f,
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.
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Then, it can be shown that:

f'(m —¢) f(m—6)> flm+e)

my(m) = lime_o+ <f’(m +e) B flm+e) fm+e)

Because the RHS of this equation contains only objects of the observed wage distribution,
this implies that 7/,(m) is identified. Given that the function A(m) is identified, we have:

- e alm)

() = ma(m)

1 0 -
my!) = [ma(m) = (1= A(m)) - 7] - Am) ™.
This can be shown using the equation below and its derivative with respect to the wage:
ra(w) = 7 Aw) + 70 (1 = Aw)).

Given that all terms of the equation above are identified, we have that the function mq(w)
is identified. Inverting the relationship between the observed and latent wage densities, we
have:

mq(w)
fw)-¢ if w>m.

fwre ¢ y<m
3) fo(w)={ frws<

Which implies:
" f(w)

7Td(w)dw +1—F(m)] L

e=|

Because the function m4(w) is already identified and F'(m) is simply the fraction of workers
in the observed wage distribution who earn less than or equal to the minimum wage, c is
identified. This implies the identification of the entire latent wage distribution fo(w). Using
the latent wage density and the function A(w) allows the identification of the latent densities

of the formal and informal sectors and, finally, the remaining parameters ﬂﬁi) and 7T1(,,1).

_ _ _ Pr[S(0)=1|W(0)=w]- fo(w) _ A(w)- fo(w)
Fw(o) = wiSO =0 = PrSO)20/W (O)b]- () _ AR
F(W(0)[S(0) = 0) = O = TO-A@)fo(w)du
() Priw()=m|S()=1]  1—Fy(m|S(0)=1)
" T=PrW (D=m[S(D=D] ~ Fo(mlS(0)=1)
qu) = 1- 4 — Tm
7r7(7?) = 1- 71'510).

Q.E.D.

It is important to note that the identification result holds if one assumes that ﬂﬁi) and

m&l) are non-specified functions of the latent wage, as long as 77511) remains constant. In

this scenario, the parameters recovered above are expectations - E(r}) and E (ng)) - over
the distribution of workers whose latent wages are below the minimum wage. Formally, the

parameters identified are 74 = Priw (1) =m|S(0) = 1, W(0) < m] and i = Priwv(l) =
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15(0) = 1,W(0) < m]. Under the maintained assumptions, this probability is the same for
all workers regardless of their latent wage. In the case in which workers are heterogeneous
in the probability of becoming unemployed, or receiving the minimum wage, with respect to
their latent wages, the model recovers the natural extension of this parameter in the presence
of such heterogeneity. That is, it recovers the average effect for the population of affected
workers. Interestingly, this does not imply that the latent wage distributions obtained under
the assumption of constant probabilities will be inconsistent. The assumption of constant
probabilities is maintained only to simplify the exposition.3?

Further, it should be stressed that this proof does not require the wage distribution to
peak above the minimum wage. In fact, one can identify the effects of the minimum wage
regardless of where in the latent wage distribution the minimum wage happens to be set,
as long as the density of wages is greater than zero at the minimum wage, 71'&1) and wéo) are
constants and either one of them is greater than zero.

COROLLARY 1 (Identification of the minimum wage treatment effects) Under As-
sumptions 1, 2, 3 and 4, the effects of the minimum wage on functionals of the joint distri-
bution of sector and wages are identified.

PrRoOOF: The identification of treatment effect parameters follows directly from the identi-
fication of the joint distribution of observed and latent sector and wages from i.i.d data on

{Wi(1), Si(1))} Q.E.D.

A.2. Identification under Independence between Sector and Wages

In this section, I discuss the identification given the independence between (latent) sector and
wages, that is, Pr[S(0) = 1|W(0) = w] = A V w. I maintain Assumptions 1 (continuity), 3
(no spillovers) and 4 (minimum wage effects). Given those assumptions, the aggregate wage
density will be given by:

Lfg(w) if w<m
(4) flw) = TmFo(m) p 4y — oy
—f‘{w) if w>m.

This is exactly the one-sector version of this model, as proposed by Doyle (2006). This means
that at least the aggregate parameters my, 7, and m, are identified as:

flm—¢)

Td = ll’meg)o m .

To identify ,,, one simply needs to verify that:

Priw (1) =m]
Priw(1) <m]

T — T4 *

35Tn the Appendix D I show that this will hold as long as the probability of non-compliance
is correctly specified with respect to latent wages — for example, if it is constant. In the
Appendix C I discuss how to test if 74 is a function of the wage and how to estimate the
model in this case.
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Given 74, Fy(m) can identified by: 36

Priwv(1) < m]
g PrW (1) > m| + Pr(W(1) <m]

F()(’I’n) =

The relationship between the aggregate data parameters 74 and 7, and the sector-specific
model parameters can be derived as:

g = Aﬂ'&l) +(1- A)ﬂ'((io)

Tm = A + (1 — A)7l0

Ty = A7T7(})

ﬂ'((il) + 71'%) + 71'1(}) =1

77510) + 7T7(73) =1.
Having recovered the aggregate parameters, the goal is solve for the sector-specific param-
eters. To do so, one first needs to identify A. Note:

A = Pr[S(0) = 1] = Pr[S(0) = 1|W(0) > m] = Pr[S(1) = 1|W (1) > m],

where the first equality holds because of the independence between latent sector and wages,
and the second holds due to the lack of spillovers on sector probabilities. Interestingly,
the identification of the latent size of the formal sector does not rely on anything but
independence, the lack of spillovers, and the assumption that Pr{iW (1) > m|W(0) < m] =
0.37 This means that we can correctly identify the size of the formal sector even if we
mis-specify the continuity of the latent distribution of wages or the way in which that the
minimum wage affects the lower tail of the wage distribution. Note that, given the aggregate
data parameters and A, this is a system of five equations and five unknowns. Unfortunately,
the system is rank deficient, and hence, an additional equation needs to be added to recover
the sector-specific parameters. Relying on the identification of A | m(}) is identified by:
Pl T _ L= =T

A A

To recover m(ﬁ) , it is necessary to consider the density of the formal sector:

0 if w<m

1) m .
(5) fwlSA)=1)={ Talolml =y
fg((lu;) if w>m,

where ¢V = 1 — Fy(m)(1 — wy(,})) is a scaling factor such that the two densities integrate

to one. The key feature of the formal sector that allows for the identification of nﬁ,{) is that
because the density is zero below the minimum wage, the scaling factor on the denominator

36See the section on the identification of Doyle’s model.

3TPr[W (1) > m|W(0) < m] = 0 is implied by Assumption 4. When Assumption 4 does not
hold, the identification strategy described above will be valid if Pr[W (1) > m|W(0) < m| =
0. An example of this situation is when the probability of non-compliance is a function of
the worker’s latent wage. This would invalidate Assumption 4 while preserving the condition
Pr{W(1) > m|W(0) < m] =0.
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is a function of only one unknown parameter (note that Fy(m) is already identified). Finally,
using:

Prw (1) =m|S(1) = 1] = x W Fy(m) /D,
it is possible to show that:

@ Priv(l) =m[S5(1) =1] 1- Fop(m)
™o 1=PrW(1)=m|S(1)=1]  Fy(m)

The RHS of this equation consists only of quantities that are already identified. Given that
wﬁ,}b) is identified based on the expression above, we can now return to the system and recover
all the other parameters:
1
m 1—-A

Thus:
71'((10) =1- 7r§,§f>.
Finally:

u

77{;1) =1- W,(,p — ),

The latent wage density can be recovered in the same way as in the baseline model, that is,
by inverting the relationship and using the fact that ¢ and 74 were already identified:

fwre 3¢ < m
©) fo<w>={ ro Aw<

flw)-¢ if w>m.

This implies that we have identified the latent distribution of wages fo(w), the latent size
of the formal sector A and the parameters 7 that govern how the minimum wage affects the
economy.

Note that estimation in this context is considerably easier than in the baseline model. This
is the case because it is not necessary to estimate the derivative of the density of wages
at m to solve for the sector-specific parameters. All objects in the identifying equations —
except by the lateral limit of the density of wages at m — can be estimated by replacing
the population object with its respective sample counterpart. I used this plug-in method to
estimate the parameters of the model in the empirical application.

APPENDIX B: ESTIMATION
B.1. Local Linear Density Estimation

In this section, I describe the local linear approach to density estimation. A standard ap-
proach to non-parametrically estimate densities at boundary points is to rely on local linear
fitting instead of a local constant. This ensures a better order for the bias term compared
to the standard, local constant, kernel density estimator. Thus, following Jones(1993), I
estimate the density, for w # m, as the solution to the following minimization problem:



42 HUGO JALES

li(w)] = arg min(sy o,y J(fo(u) — ao — ar(w — u))2K (“2) (H{u > m}T{w > m} + T{u < m}TM{w < m})du,

where f,,(u) = N~ §(u—W;) is the empirical density function, K () is the kernel function,
and h is the bandwidth.

APPENDIX C: TESTING

This research design allows us to perform partial tests of the validity of the
model’s assumptions. This section I describe how these tests can be performed
and their limitations.

Assumption 1, the continuity of the latent wage distribution, can be verified
by visual inspection of the histogram and the kernel density estimates using
different values for the bandwidth. Formally, this condition can be tested by
performing a placebo test, that is, by checking whether there are differences
between the left and right limits of the density estimates at wage points other
than the minimum wage.

Assumption 2 can be tested by comparing the fit of the parametric model with
non-parametric estimates. If A(w; ) is correctly specified, for the true value
of the parameters 3y, we have:

/ " (PrS(0) = W (0) = u] — Afu: 5))” folu)du = 0.

While this equation is in terms of latent variables, we can restate it using
observables by relying on Assumption 3. Thus, we have:

1= / (Pr[S(l) =1W(1) = u] — A(u;ﬁo))Q]I{u >m}f(u)du =0,
where 3y = argming E[(S;(1) — A(W;(1); 8))*T{W;(1) > m}|. This condition
is in terms of quantities we can observe. Correctness of the specification of the
model for A(W(0), 8) implies that I = 0. This is a standard integrated mean
squared error type of condition that can be used for specification testing. The
idea behind it is to compare the fit of a parametric model with the fit of a
non-parametric model. This type of comparison can be used to identify the
proper functional form for the sector and wage relationship. This is relevant
because part of the identification relies on extrapolating this conditional mean
function to values below the minimum wage. It should be noted, however, that
this is, at best, a partial test of the assumption. There are some deviations
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from the Assumption 2 which this condition cannot capture. To make this
point clear, observe the following condition:

o
| (PriS© = 1W(0) =] - A f0)* fofu)du =0,
—00

This condition is equivalent to the correctness of the specification of the para-
metric model for the conditional probability of the latent sector given the
wage. The difference between this condition and that the feasible one pre-
sented before is that it can detect when the model is incorrectly specified for
values below the minimum wage. It is not possible, however, to create a fea-
sible version of this condition. Once we move from latent to observed wages,
all information on the conditional probability of latent sector given the wages
is lost for values below the minimum. In sum, it is conceivable that the para-
metric functional form holds for values above the minimum wage but fails to
hold for values below it. This part of Assumption 2 is untestable.

It is also possible to test Assumption 4. In Assumption 4, the probabilities that
capture the effects of the minimum wage are defined. A restriction imposed by
that assumption is that the probabilities of non-compliance (ﬂc(ll) and 7T((10)) are
invariant across workers with different latent wages in the same sector.®® This is
a restrictive assumption, as workers whose latent wage is close to the minimum
wage level could be more likely to comply with the policy than workers whose
latent wage is far from the minimum. To see why this assumption is testable,
one must first examine the second derivative of the observed wage density:

[ (w) ‘

C

T (w) f(w) (W) f'(w) | ma(w)f’(w)
+ 2 + it w<m
(M f(w) = { ‘ ¢ .
if w>m.
If the continuity assumption on the latent wage distribution is strengthened

up to the second derivative, that is, if lim,, ,,,+ f§(w) = limy - f{/(w), then
we have:

cf"(m =€) = mg(m)fo(m) — 27T&(m)f6(m)> _o.

lime_o+ (cf”(m +€) — o)

Intuitively, we can test Assumption 4 because by examining the second deriva-
tive, we have added another equation while the number of parameters remained

380ne can see that in aggregate, the likelihood of non-compliance 74(w) will be a function
of latent wages due to changes in the composition of each sector as we move along different
wages.
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the same. This provides us an overidentification condition that allows us to
test the model.

It is easier to see this in the case in which one assumes a linear probability
model for Pr[S(0) = 1|W(0) = w]. In this scenario, it is possible to find a
closed-form solution for the model parameters using either the first or the
second derivative of the wage density. These different ways of identifying the
parameters must yield the same result under Assumption 4. However they do
not coincide if the model is misspecified, that is, when the probabilities of
non-compliance are functions of latent wages.?”

APPENDIX D: ROBUSTNESS

In this section, I investigate the behavior of the estimands from my identifi-
cation strategy under different assumptions. I argue that (i) the model is still
correctly specified if the unobserved heterogeneity affects either the model pa-
rameters or the latent wage distribution, but not both, (ii) the identification
strategy is robust to certain forms of unobserved heterogeneity in minimum
wage effects, (iii) under Assumption 4, the latent share of the formal sector is
identified even when unemployment effects cannot be, and (iv) the aggregate
parameters my, 7, and m, are identified even when Assumption 2 does not
hold or when unemployment effects are also present in the informal sector.
To show (i), I reformulate the model and allow its parameters or distribu-
tions to be functions of potentially unobservable worker characteristics. I ar-
gue that, under some conditions, the assumptions I require for the baseline
model to hold will still be valid. (ii) I reformulate the model under a random
coefficients framework. I show that under certain restriction on the heterogene-
ity of the parameters across individuals, the estimands based on the baseline
model identify the expectation of the distribution of parameters over the set
of workers affected by the minimum wage. To show (iii), I argue that a lack of
continuity implies the inconsistency of some, but not all, of the parameters of
interest in the model. To show (iv), I argue that identification of Doyle’s ag-
gregate parameters does not rely on all four assumptions that I use to identify
the parameters of the dual-economy model.

These results reveal an important feature of the baseline model. It is easy
and feasible to infer the direction that the parameter estimates will go when

39Tf one is willing to impose further smoothing conditions on the latent wage distribution,
it is possible to identify the model by imposing flexible conditions on the relationship between
the parameters and the wages. For example, if one believes that m, is appropriately described
by a quadratic (cubic) function, then one needs to go up to the third (fourth) derivative of
the wage density to estimate the model parameters.
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some of the model’s assumptions are violated. Moreover, as the identification
is achieved using “separable” pieces — a model for the conditional distribution
of sector given the wages, continuity of latent wage distribution to identify g,
and so forth — some of the results will still hold when the model is partially
misspecified. Taken together, these features should increase the credibility of
the results when there are some concerns with the correctness of the model
specification. Some pieces of information based on this approach can be use-
ful even in the worst case scenario in which the model is guaranteed to be
inconsistent for some parameters.

D.1. Role of Covariates and Unobserved Heterogeneity

By exploring the different effects of the minimum wage across sectors and the
discontinuity of the density of wages around the minimum, one can estimate
how the economy responds to this policy. This approach has some similari-
ties to the quasi-experimental Regression Discontinuity Designs (Hahn et. al.
(2001), Calonico et. al. (2014), Lee and Lemieux (2010)). Because one of the
main advantages of Regression Discontinuity Designs is to provide a way to
avoid most of the endogeneity concerns associated with using observational
data to infer causality, it is useful to discuss the extent to which these advan-
tages are also present in this method.

Assume that there is a random variable Z — say, for example, age — that
is known to affect individual labor market conditions. One example is when
workers with different values of Z draw from different latent wage distributions.
Another way that Z can affect a worker’s labor market conditions is through
the model parameters. For example, after the introduction of the minimum
wage, younger workers might be more likely to move into the informal sector
than older workers, which, in the model, would be represented by a higher
w((il). In these cases, is it necessary to estimate the model conditional on Z for
the inferences to be valid?

In the following discussion, I will always assume continuity of the Z-specific
latent wage distribution, an absence of spillovers and a covariate-specific ver-
sion of the assumption that describes the minimum wage effects. I will also
assume the following:

ASSUMPTION 7  Conditional probability of latent sector given the wage:

PriS(0) =1W(0) =w] = /PT[S(O) = 1{W(0) = w, Z = 2| f(z|w)dz = A(w; B).
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This assumption simply means that whatever the model for the conditional
probability of the sector given the wage and Z is, this model can be aggregated
to an unconditional one with parameters 5.*° Two sufficient conditions for the
inferences based on the unconditional wage distribution to be valid in the
presence of covariates are the following:

Case 1:

ASSUMPTION 8  FEquality of parameters: n(z) =m Vz.

When the effect of Z occurs through changes in the latent joint distribution of
sector and wages but not through differential responses to the minimum wage,
then Z can be safely ignored when making inferences with regard to the un-
conditional distribution. The reason for this result is simple. The assumptions
above imply that all assumptions of the model for the aggregated data remain
valid.

Case 2:

ASSUMPTION 9 Equality of latent distributions: W(0) z~F Vz.

This assumption means that Pr[W(0) < w|Z = z] = Pr[W(0) < w|Z = 2] for
all (z,2’) and all w. By restricting the latent wage distribution to be the same
for all values of z, inference based on the unconditional distribution ignoring
the covariate will be valid when parameters are allowed to vary over Z. The
parameters 7 recovered from the aggregate data will be weighted averages of
the covariate-specific ones, with correct weights to reflect the share of each
group of values of Z in the population. These, of course, are much stronger
conditions than those in Case 1, as the role of covariates is severely limited
when they are only allowed to determine wages through the differences in
minimum wage effects.

When both the latent wage distribution and the parameters are allowed to vary
over Z, the estimate of 7, can be interpreted as a local effect, as it recovers the
likelihood of non-compliance for those with latent wages around the minimum
wage.

D.2. Random Coefficients

Assume that each worker is characterized by a pair (W;,S;) of ob-
served sector and wage, a vector (W;(0),S;(0),(), and a vector (w(¢) =

40Tn general, this model will be more complex than the covariate-specific one. A simple,
sufficient, but clearly not necessary, condition to guarantee that such a model will exist is
when strengthened to Pr[S(0) = 1|W(0) = w,Z = z] = A(w, 8), that is, covariates only
enter the conditional probability of sector given the wage though their effects on wages.
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(mﬁ})(g), mﬂ?(g‘), m(f)(g), w£°)(g), m(,g)(C)), which is now (-specific. One way to in-
terpret this is that we are treating ¢ as the worker’s unobserved type. For now, I
will not assume anything regarding the relationship between the worker’s type
and his latent wages. Of course, it still holds that 7. <€)+ w&”)(g ) =1 for all
¢ and similarly for the formal sector parameters. in addition to the worker’s
latent sector and wages, he receives a draw for the model parameters. Here, I
also allow this draw to be a function of the latent wage. Thus, for example,
workers with higher latent wages can have a higher probability of receiving
the minimum wage versus becoming unemployed. This extension captures the
idea that (i) minimum wage effects might vary across dimensions of worker’s
characteristics that are unobservable to the researcher and (ii) minimum wage
effects can, and likely will, vary across workers with respect to the distance
of their latent productivities from the minimum wage level. The rest of the
model remains the same, meaning that I will retain continuity and the absence
of spillovers. I will also assume independence between latent sector and wages
for simplicity in the rest of this discussion.

This extension adds a great degree of flexibility to the model. It relaxes As-
sumption 4 in two ways. It allows different workers with similar wages to have
different minimum wage response probabilities in an unknown and unspecified
way. It also allows workers in the formal sector to have different probabilities
of becoming unemployed (qul)> versus bunching at the minimum wage (m(,p))
for different values of the latent wage. This can be achieved without relying on
any specified functional form; that is, it is not assumed that these probabilities
vary over latent wages in any parametric, continuous or known way.

To analyze the model, we now need to define some new objects. Let:

ED(O) = [ 7w foulu)du

This expression defines the “average probability of bunching at the minimum
wage for a formal sector worker with a latent wage equal to w” as the integral of
this probability for each worker’s unobserved type weighted by the proportion
of each type for that wage value. We can analogously define similar objects for
the other probabilities.

Now, under this new set of assumptions, the relationship between latent and
observed densities will be given by:

Blra(QIW (0)=w) fo(w)
Fw) = { 1" EEm QW 0= o

C
Jo(w) :
OC it w>m.

if w<m

if w=m
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Now, let us consider the behavior of the estimands defined for the baseline
model used under this, more general, version.

f(m =€)

=limey o=,
i Zmﬁof(m—l—e)

It is easy to see that:

lim g L") _ AEEN (W (0) = m, S(0) = 1)+(1—A)E(x(Q)|W(0) = m, S(0) = 0).
f(m+e)

Now, it is also easy to see that this estimand will be equal to the number that
we need if E(x{)(Q)[W(0) = w,S(0) = 1) = E(x) (W = w/,S(0) = 1)
and E(7(O)[W(0) = w, 5(0) = 0) = E(xX(O)|W(0) = w', 5(0) = 0) for all
pairs w and w’. This means that the only restriction on the relationship be-
tween the types and latent wages is that the expectation of the non-compliance
probabilities, E(Wél)(ﬁﬂw) and E(wflo)(g)m), taken with respect to the type
distribution, is not a function of the wage. !

Assuming that this condition holds, we have that our baseline estimand
Lime_oL (m=9) jdentifies the expected value of w4 over the population of affected

.S f(mte) i
individuals. That is:

f(m —¢)

o = PrW () = WO)W(0) < ],

lime—)O

Regarding the estimand of m,:

PriW; = m)|
Pr(W; <m]’

T = Td

It can be shown that:

Pr(W;=m] _ [" E(mn(Q)[W(0) = u) fo(u)du

Priv, <m] ™ fo(u)du = Pr[W(1) = m|W(0) < m|,

Tq

which means that 7, equals to the expected value of the probability of bunch-
ing over the population of affected workers. The intuition for this result is that

41This does not mean that the model is unidentified if this condition fails to hold. It means
that in this case, we would need to rely on the derivatives of the wage density to identify the
slope of the relationship between expected minimum wage probabilities and latent wages.
This can be achieved in the same way as discussed in Appendix C.
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the estimand of m,, comes from the point mass at the minimum wage level,
which is obtained by integrating the probability of bunching at the minimum
wage level for all workers whose latent wages are below the minimum wage
level. Thus, irrespective of what functional form exists between the latent
wage and the probability of receiving the minimum wage, this form reveals
itself in the data in the form of the proportion of workers at the minimum
wage level. The mass of wages at the minimum wage level has already “in-
tegrated out” the unobserved heterogeneity. This allows us to consider esti-
mating Pr[W (1) = m|W(0) < m] without completely describing the shape of
W%)(C) as a function of W(0). The term Pr[W (1) = m|W(0) < m,S(0) = 1]
coincides with the parameter wﬁ,{) as defined in the baseline model when
7Y is not a function of the latent wage. When 7 is indeed a function of
the latent wage (through unobserved types, for example), we can bypass the
task of modeling this function and directly identify the aggregate component
Priw (1) = m|W(0) < m,S(0) = 1]. Similar calculations show that the same
is the case with respect to the estimand of unemployment probability. That is,

1 —mg— 7y = PriW(l) =.|[W(0) < m].

D.3. Lack of Continuity

In the following discussion, I will assume independence between latent sector
and wages. Now suppose that 74 is not identified. This could be the case for two
reasons. The first case is when latent wage distribution is not continuous. In
this case, the estimate of m; actually identifies w4, where & is the (unknown)
size of the discontinuity of the latent wage around the minimum wage. It
is clear that as long as Kk = 1, the estimate of m; will be consistent. The
second case is when spillovers are misspecified. For example, if one incorrectly
assumes that spillovers are absent, when, in fact, they are present. If spillovers
reduce the density of wages just above the minimum wage,*? 7, is misspecified
because the density of sector wage observed just above the minimum wage is
not the correct quantity to scale the density below to measure the extent of
non-compliance.

If spillovers are assumed to be weakly positive, meaning that workers above
the minimum do not suffer wage cuts following the policy — and, in addition,
Assumption 4 holds — then 7, estimated when ignoring spillovers is an upper
bound of the likelihood of non-compliance. This will also provide an upper
bound for 7, and a corresponding lower bound for 7.

42This will be the case if one assumes that spillovers are weakly positive.
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If the latent wage distribution presents a discontinuity at the minimum wage
level, then the ratio of the left and right limits of the density will identify 7 k.
That is, the probability of non-compliance will be scaled by the discontinuity
in the latent wage density at m. Thus, if the discontinuity is of moderate size,
the implied change in the estimated of m; will be of a small order.*® Thus,
sizable distortions will be present only if the latent wage distribution presents
large discontinuities at the minimum wage level.

It should also be stressed that under independence between sector and wages,
the latent share of the formal sector — which is perhaps one of the most relevant
parameters of the model — is still identified regardless of misspecifying how
the minimum wage affects the lower part of the wage distribution or a lack of
continuity in the latent wage distribution.**

D.4. Aggregate Parameters

Doyle (2006) and Meyer and Wise (1983) define what I call “aggregated
data” probabilities 7y, 7, and m,. I call them aggregated because they are
a weighted average of the corresponding sector-specific likelihood of non-
compliance, bunching and becoming unemployed. Because their goal is to com-
pute aggregate data parameters, they do not need to have a correctly specified
form for the conditional probability of the sector given the wage.

The identification of the simplified version of the model here uses Doyle’s
estimate as a first step. Then, the weights of the sector-specific probabilities
are estimated, and finally, one can solve for the sector-specific parameters.
This is a worthwhile exercise because, as I have shown above, a broader set of
counterfactuals, such as labor tax and the size of the formal sector, analyses can
be performed with sector-specific parameters. Moreover, ﬂél) is a parameter
with more economic meaning than 7, itself.

The misspecification of either sector-specific assumptions or the form of the
joint distribution of sector and wages has different consequences for the aggre-
gate parameters when compared to the sector-specific parameters. Two cases
can illustrate this: If either (a) unemployment effects on the informal sector
are present, which is ruled out by Assumption 4, or (b) the model for the
conditional probability of the sector given the wages is incorrectly specified,

43For example, if the left limit of the latent density of wages is 10% smaller than the right
limit and 74 is equal to 0.2, then the estimated probability limit of the estimator of 74 based
on this identification strategy will be 0.18, only 2 percentage points smaller than the true
value.

44The only additional assumption needed for that identifying this parameter is a lack of
spillovers on sector probabilities. See sections A.2 and E.4.
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F1GURE 10.— Median wages and the minimum wage “bite”

then the sector-specific parameter estimators will be inconsistent whereas the
aggregate parameters will not. It is straightforward to see this because nei-
ther Doyle or Meyer and Wise’s approaches rely on either (i) the validity of
Assumption 2, or (ii) the implication of Assumption 4 that for the informal

sector parameters it is true that Wéo) +0 =

APPENDIX E: EMPIRICAL APPLICATION - FURTHER RESULTS

In this section, I present various empirical results that complement the main
findings of the paper. First, I extend the sub-group analysis of section 5.4. I
also estimate the distributional effects of the minimum wage. In addition, I
perform other various robustness exercises.

E.1. Analysis by sub-groups

Figure 7 shows that the estimates of the disemployment effect of the policy
seem to correlate with the actual fraction of workers that are without jobs
across different sub-groups. In other words, it seems that the disemployment
effects, as captured by the “missing workers” in the wage distribution, may
indeed be capturing a real disemployment effect of the policy. In this section,
I extend this analysis by also looking at whether the effects for groups of
different characteristics follow the patterns that one would intuitively expect.
In particular, I investigate two main questions: Do I obtain larger estimates
of the mass of affected workers, Fy(m), for groups of workers that we should
expect this probability to be larger — that is, for low wage groups? Also, do I
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FIGURE 11.— Minimum wage “bite” and the estimated effect on formality

obtain larger effects of the minimum wage on the size of the formal sector for
the groups of workers for which the policy is more binding — that is, groups in
which Fy(m) is larger?

Figure 10 shows the estimated values of the minimum wage “bite” and the
median of log-wages for each group. Regarding this graph, we see that groups
of workers with wage distributions shifted to the right (that is, with higher
medians) seem to be less likely affected by the minimum wage policy. This
“sanity” check shows that the estimates of Fy(m) across different groups follow
the pattern one would naturally expect: The estimated values of fraction of
workers affected by the minimum wage policy, Fy(m), decreases as we look at
groups that have wage distributions with higher medians.

In Figure 11, I perform a similar exercise. I plot the estimates of the fraction of
workers affected by the minimum wage and the estimated effect of the policy
on the size of the formal sector. The results indicated that the estimated effect
of the policy on the size of the formal sector seems to be larger for groups in
which the minimum wage “bite” is more pronounced.

E.2. Heaping

In my empirical exercise, I assume away measurement error in wages. The
data, however, do not support this assumption: There is a tendency of wages
to pile up in round numbers, multiples of 50, such as 100, 250, etc. Figure 12
displays this feature of the data. I plot the estimates of the density of (log)
wages using an undersmoothed histogram. We observe several spikes in the
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FIGURE 12.— Undersmoothed Histogram

Note: Histogram of the logarithm of wages, for wages not equal to m.

graphs, which coincide with the (logarithm) of round numbers.*® This could be
a concern since the identification of the non-compliance probability is obtained
by comparing the density of wages just above versus just below the minimum
wage.

When we compare the effects of the minimum wage across the different years,
we expect that sometimes we would overestimate the non-compliance proba-
bility (because the minimum wage is set slightly above a heaping point), and
other times we would underestimate the non-compliance probability (because
the minimum wage was set slightly below a heaping point). It is reassuring
to note that although the point estimates do vary from year to year, all the
qualitative economic implications seem to be similar regardless of whether the
minimum wage is set right below, at, or above a heaping point.

In my baseline specification, I choose not to engage in any form of correc-

45The logarithm of the minimum wage level is represented by a vertical line. I compute
the density for wages not equal to the minimum wage in this graph since the height of the
histogram at m is so high that it becomes hard to visualize the density of the rest of the
data.
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TABLE IX
PARAMETER ESTIMATES — ROUNDING WAGES TO THE NEAREST HEAPING POINT

tion, as to keep the identification and estimation as clean as possible. Now, to
investigate the robustness of my estimates to this particular form of measure-
ment error, I perform a different exercise: I first round all wages to the nearest
multiple of 25, then I estimate the model parameters.

Heaping is a threat to the identification because this form of measurement
error may induce the density estimates to be artificially larger on one side when
compared to the other side of the threshold. Rounding all wages to the nearest
heaping point minimizes this type of concern, since now the distribution has
only mass at heaping points, so the heights are comparable again at both sides
of the minimum wage. That is, there is no risk to compare the height of the
density at a heaping point in one side of the minimum wage with the height
of the density in a non-heaping point in the other.48

Table IX displays the results obtained by this exercise. I rounded all wages to
the nearest multiple of 25, naturally ensuring no wage crosses or reaches the
minimum wage level in this process. The most important coefficient in this
exercise is my, since this parameter estimate is obtained from the ratio of the
left and the right limits of the density around the minimum wage. The results
suggest that the estimates of m; are not quite sensitive of whether I use the
raw data or whether I deal with the heaping by rounding all wages to their

46Two other similar strategies could be performed: One is to estimate the model ignoring
all data at heaping points. Another is to ignore all the data except at the heaping points. By
rounding all data to the heaping points I guarantee that the sample sizes are comparable to
the ones in Table IV. Also, since informal workers are slightly more likely to report a round
number, I do not engage in differential sample selection when I choose to work with either
one of the sub-samples.
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TABLE X

PARAMETER ESTIMATES ACROSS DIFFERENT CHOICES OF BANDWIDTH
YEAR 2009

nearest heaping point. The same qualitative conclusions are obtained in both
exercises: the disemployment effects are large, the transition probabilities are
small, and the size of the formal sector is decreased by around 10%.%"

E.3. Bandwidth Selection

Table X displays the estimates of the parameters using different choices for
different values of the bandwidth, using data for the year of 2009. In column one
I use half of the bandwidth I employ in my baseline specifications — that is, four
times the Silverman’s rule of thumb —. In the other columns, I progressively
increase the value of the (multiplier for the) bandwidth. In column VI T use 9
times the Silverman’s rule of thumb.

The bandwidth considered in all empirical specifications is eight times the Sil-
verman’s rule of thumb at each side of the minimum wage, which corresponds
to column V in Table X. We can see that increasing or decreasing the band-
width leads to differences in the point estimates. The qualitative implications
of the results, however, seem robust to the bandwidth choice. Note, also, that

4"Note that point estimates of the latent size of the formal sector are invariant to the
estimates of m4. This is expected since the identification of Pr[S(0) = 1] comes from the
conditional probability of formality for wages above the minimum.
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the estimate of the latent size of the formal sector is invariant to the choice
of the bandwidth.

I also attempt to estimate the non-compliance probability using a global ap-
proximation to the density function, as opposed to the local approximation
employed using the non-parametric density estimator. The estimates of 7y I
obtained assuming log-normality for the density of latent wages (available on
request), are similar to the non-parametric estimators.?8

E.4. Robust Estimates of the Effects of the Minimum Wage on the Size of the
Informal Sector

This paper develops a model that allows one to estimate the effects of the min-
imum wage on a broad range of policy-relevant outcomes. The model captures
a channel through which workers move from the formal sector to the informal
sector in response to the minimum wage policy. The effects of the minimum
wage on the size of the informal sector have important policy implications. For
example, this parameter is key to understand the effects of the minimum wage
on the government budget.

Under the assumptions of the model, this parameter, the effect of the minimum
wage on the size of the informal sector, can be consistently estimated. This
section discusses the extent to which those estimates are robust to deviations
from these assumptions, particularly the absence of spillovers. This will be
achieved using Assumption 5, the independence between latent sector and
wages. The object of interest is %, that is, the ratio of the size of
the formal sector in the presence of the minimum wage versus its size in the
absence of the minimum wage. The numerator of this fraction can be directly
estimated from the data. The counterfactual object is the latent size of the
informal sector. Under independence between latent sector and wages, we have:

PriS(0) = 1] = Pr[S(0) = 1[W(0) > m] = Pr[S(1) = 1|W (1) > m).

This expression uses the size of the formal sector above the minimum wage as
the estimate of the latent size of the formal sector in the absence of the policy.
Interestingly, this result does not rely on the continuity of the latent wage
distribution or the correctness of the specification of the minimum wage effects
on the bottom part of the wage distribution. It relies on the independence, the

48The results from Table X refer only to the year 2009. I also estimated the model pooling
data from all years (normalizing wages around the minimum wage level). In this exercise,
my largest point estimate for 74 was 23.1%, whereas my smallest estimate was 19.6%. These
estimates are close to the baseline pooled estimate of 7y, which I estimated at 20% in my
preferred specification. These results are available on request.
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TABLE XI
SPILLOVER ROBUST ESTIMATES OF THE LATENT THE SIZE OF THE FORMAL SECTOR

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009
k=2 0.86777F 0.8537F (0.8657F 0.8477FF (0.860FF (0.858%%F (0.879%FF (.873%%F (.883%FF
(0.002)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.002)  (0.002)  (0.002)
k=3 0.853FFF  (.844%FF  (.849%FF  (.845%FF  (.866*FF  0.850%FF (.872%FF  (.873FFF  (.878%H*
(0.003)  (0.004)  (0.004)  (0.003)  (0.004)  (0.004)  (0.004)  (0.003)  (0.003)

Note: Standard errors in parentheses. Minimum wage spillovers are assumed to vanish above km. See text
for details.

lack of spillovers assumption, and Pr[W (1) > m|W(0) < m] = 0. To evaluate
the robustness of this estimate to departures from the absence of spillovers,
one simply needs to specify a limit at which the spillovers should vanish. In
the most extreme version of this assumption, the effects of the minimum wage
vanish at the minimum wage level. However, one can specify that the minimum
wage effects vanish at twice, or in general, k-times the minimum wage level.
This lead to the following identification equation:

Pr[S(0) = 1] = Pr[S(0) = 1|W(0) > km] = Pr[S(1) = 1[W (1) > km],

show that k is a number greater than or equal to one. The first equality follows
from independence between sector and wages, whereas the second follows from
the absence of spillovers at points higher than km.*°

Table XI reports the effects of the minimum wage on the size of the formal
sector based on different assumptions concerning where spillovers should van-
ish. The baseline estimates are approximately 9%. The estimates robust to
spillovers find an effect of around 12 to 16%. The point estimates are sig-
nificantly different. The qualitative conclusions, however, remain similar. The
minimum wage has a sizable impact on the size of the formal sector. This
section shows that those effects should be further magnified if spillovers are
indeed present. These results are based on the minimal assumptions of inde-
pendence and lack of spillovers in the upper part of the wage distribution.
They are robust to limited spillovers, lack of continuity in the latent wage dis-
tribution and misspecification of the minimum wage effects on the lower part
of the wage distribution.

49Tt is interesting to note that one can allow for wage spillovers above this threshold. The
only restriction that needs to be imposed for this identification to be work is the absence
of spillovers on sector probabilities. That is, the conditions S(1) = S(0) if W(0) > km,
Priw (1) > km|W(0) < km] = 0, and Pr[W (1) < km|W(0) > km] = 0 are sufficient for
this identification strategy to work.
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TABLE XII
DISTRIBUTIONAL EFFECTS OF THE MINIMUM WAGE

E.5. The Distributional Effects of the Minimum Wage

Table XII shows how the minimum wage affects the shape of the (log-) wage
distribution. Here, I compute the effects of the minimum wage on the usual
measures of wage inequality, such as the standard deviation of log wages and
the Gini coefficient. The estimates show that the minimum wage has a positive
impact on average wages (conditional on employment). The maximum differ-
ence is .39 log points in 2007, and the minimum is .18 in 2002. The minimum
wage also reduces wage inequality, as measured by differences in quantiles, the
standard deviation, or the Gini coefficient. These estimates indicate the trade-
off faced by policy makers when choosing the minimum wage level. On the
one hand, there is a gain in terms of reducing wage inequality and increasing
average wages. On the other hand, workers tend to have more difficulty finding
jobs.

E.5.1. Addressing the Disemployment Effects

By comparing the estimates of the observed and the latent wage distribution, I
can evaluate the effects that the minimum wage policy has on the distribution
of wages. The results of this exercise, shown in Table XII, suggest that the
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minimum wage induces an increase in the expected value of (log) wages and a
decrease in the inequality of (log) wages. However, the comparison performed
in Table XII involves two populations that are distinct: the population of
workers that would be employed in the absence of the minimum wage and
the population of workers that are employed in the presence of the policy. In
other words, the results on Table XII compare the inequality of the latent and
observed distribution of wages conditional on working in each scenario.

As a result, however, this exercise ignores the effect that the minimum wage
policy has on the probability of employment. Thus, perhaps a more important
exercise would be to estimate the effects of the minimum wage on wage in-
equality taking into account the effects that the policy have on the probability
of employment.*°

To do that, I will make the strong assumption that in the event that the
worker becomes unemployed his earnings are zero. That is, I will assume away
any form of earnings in home production, self-employment, or becoming an
entrepreneur. This, of course, would maximize the possible negative effects of
the policy, so it should be thought as a lower bound on the positive effects of
the policy (if any), or an upper bound of the negative effects of the policy.
Table XIII displays the estimated effects of the minimum wage on expected
wages and on the variance of wages, inputting zero wages for those that become
unemployed by the policy. The estimates in Table XIII are computed using a
plug-in estimator from the closed form expression for the relationship between
latent wages and the observed wages. For the case of the variances, I take
advantage of the law of total variance to relate the variance of wages in the
latent distribution to the variance of observed wages inputting zeros for the
unemployed.

The effect of the policy on the variance of wages is ambiguous when the un-
employed workers are taken into account: In one hand, the minimum wage
increases the variances by pushing some workers to the lower bound of the
support of the distribution, which contributes to an increase in the variance.
In the other hand, the minimum wage increases the wages of low-wage workers
towards the median, which has the opposite effect of reducing the variance.
Depending on the model parameters, the net effect of the minimum wage on
the variance of wages can be either positive or negative. For the case of the
mean, we have a similar ambiguity: The minimum wage increases the wages
of a fraction of the workers, however, it reduces the wages of others. The net
effect of the policy on the expected value of wages will depend on the relative
strength of these forces.

50T thank a referee for suggesting this exercise.
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TABLE XIII

DISTRIBUTIONAL EFFECTS OF THE MINIMUM WAGE
Effects on the population of workers that would be employed in the absence of the policy

Regarding Table XIII, we see that the minimum wage has a small but negative
effect on the expected value of wages, meaning that the unemployment effect
dominates the wage increases under the strong assumption of zero earnings for
the disemployed workers. The estimated effect, displayed in terms of a percent-
age change from the baseline level, is of a small magnitude. As a result, if the
assumption of zero earnings for workers disemployed by the policy is relaxed,
even to a small extent, to allow for earnings derived from home production,
the sign of the effect may easily become positive again.

For the case of the variance, the minimum wage seems to be close to the point
in which the positive and the negative effects cancel each other out. For some
years, | obtain the small but positive effect, whereas for others I obtain the
opposite result. The effect is not statistically different from zero for a few years
and in all cases, the effects are of a small magnitude, which even if statistically
significant, should be of small economical relevance.

E.6. Tax Effects of the Minimum Wage Under Alternative Assumptions

To provide an idea of the importance of the unemployment effects on the
matter at hand, I will also compute the effects of the minimum wage on taxes
based on a different model. In this version, I will force the unemployment effects
to be equal to zero. By doing so, I no longer need to assume the continuity
of the latent wage distribution. Formally, the model operates as follows. I will
retain Assumptions 5 (independence) and 3 (no spillovers). Assumption 4 will
be modified to force m, = 0:

AssuMPTION 10  No Unemployment Effects
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Under the minimum wage, a fraction 7, of workers will earn the same wage as
in the latent wage distribution. The remaining fraction will earn the minimum
wage. These fractions can be sector-specific as in the baseline model. Note that
there is no need to assume continuity in this case. Under these assumptions,
the observed wage density will relate to the latent density by the following
equation:

Tafo(w) if w<m
fw)=< (1 =my)Fo(m) if w=m
fo(w) if w>m,

where fo(w) is the latent wage distribution based on this different set of as-
sumptions. In this case, we only need to estimate m;. One way to do so is by
recognizing that in this case:

Pr{W < m]
Pr[W < m]+ Pr[W =m]’

g —

Therefore, a consistent estimator can be constructed by plugging in the max-
imum likelihood estimator of the respective quantity. With an estimate of m,
the latent wage density can be easily estimated by properly reweighting the
observed wage density. Then, the tax effects of the minimum wage can be
computed under the “no unemployment” assumption, given by:

p= L) _ PriSQ)=1] ErWQ)W()[S{)=1]
- TO)  Pr(S(0)=1] E[r(W(0)W(0)[S(0) = 1]

This is exactly the same expression as before without the unemployment com-
ponent c. Note, however, that the expected value of wages in the latent distri-
bution will also change, as the estimate of the latent distribution is different
under this different set of assumptions. Table XIV reports the estimates of
R for the years from 2001 to 2009. The estimates under the assumption of
no-unemployment indicate that the minimum wage has a sufficiently strong
effect on average wages to compensate for the reduction in the share of the
formal sector due to sector transition. Moreover, note that the for the same
data, the implied effect of the minimum wage on the average wages of those
employed is, as expected, smaller when one assumes the absence of unem-
ployment effects. This is the case because the presence of a disemployment
effect induces a mechanical increase in the expected value of wages since the
disemployment is concentrated in the bottom part of the wage distribution.
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TABLE XIV
LABOR TAX EFFECTS UNDER A “NO UNEMPLOYMENT” ASSUMPTION

As a result, larger disemployment effects are associated with larger increases
in the expected value of wages. Equivalently, smaller disemployment effects
necessarily mean a smaller increase in the expected value of wages.

APPENDIX F: INSITUTIONAL BACKGROUND - FURTHER DETAILS

Although the misspecify grants the federal government exclusive rights to set
the minimum wage level, some states take advantage of a provision created in
the year 2000 that allows states to legislate wage floors that are “proportional
to the complexity of the work” (Corseuil, Foguel, and Hecksher, (2015)).

As a result, states become allowed to set wage floors that are above the federal
minimum wage. These wage floors are ocupation specific and are only valid in
the absence of a federal law regulating the wage or collective bargaining that
already set a floor for that occupation.

Since the year 2000, five states took advantage of the provision. These states
are Rio de Janeiro (in 2001), Rio Grande do Sul (in 2001), Parana (in 2006),
Sao Paulo (in 2007), and Santa Catarina (in 2010). However, compliance with
the state level, occupation-specific wage floor seems to be extremely low.
Corseuil, Foguel, and Hecksher (2015) report that a sizable fraction of for-
mal workers seem to be able to earn wages below the minimum wage level.
Moreover, the fraction of workers that earn the federal minimum wage is fre-
quently 10 times larger than the proportion of workers that earn the state-level
wage floor in the states that implemented such policy.

For the purposes of my empirical exercise, one needs to decide whether to treat
the federal or the state/occupation specific wage floor as the relevant minimum
wage for the analysis. For all states that implemented the wage floor policy, the
mode of the wage distribution continues to be the federal minimum wage level.
As a result, none of the fundamental implications of assumption 4 of the dual
economy model — namely (i) Pr[W (1) < m|S(1) = 1] = 0, that is, no formal
sector worker earns a wage that is below the minimum wage and,as a result,
(ii) Pr[S(1) = 1|W (1) < m| = 0, the conditional probability of formality as a
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function of the wage drops discontinuously to zero below the minimum wage
level — seem to be reasonable when I treat the minimum wage in these states as
the state legislated wage floor. The non-compliance with the federal minimum
wage is somewhat high. However, it consists of informal workers earning wages
below the minimum wage, which is in line with the assumptions of the dual
economy model. In contrast, even formal workers seem to be able to ignore
the state-specific wage floors.

To sum up, the studies on the effects of the state-specific wage floors suggest
that the policy has been effectively ignored in the labor markets in these states
(Corseuil, Foguel, and Hecksher, (2015)). The fraction of formal workers that
earn wages at the federal minimum wage level or in between the federal and the
state-specific wage floor are substantially larger than the fraction of workers
that earn the state-specific wage floor. As a result, I choose to ignore the state-
specific wage floors in my empirical exercise. The results should be interpreted
as the effects of changing the federal level minimum wage holding constant
the state specific (and mostly irrelevant) wage floors. Estimating the model
ignoring the states that have wage floors I obtain a decrease in the size of the
formal sector of 10.7%, whereas when I include these states in the sample I
obtained an effect of 9%. The estimates I obtain for the probability of moving
to the formal sector W((il) and for the aggregate non-compliance probability 74
are also quite similar to the ones of my baseline estimates, with differences that
are smaller than 3 percentage points. Thus, all the quantitative and qualitative
implications remain the same when I focus on the states that do not have a
state/occupation specific wage floor.
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