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Abstract

This paper develops a model of workers choosing employment in the formal or infor-

mal economy, where formality is de�ned as abiding by the minimum wage and partici-

pating in a set of payroll taxes and non-wage bene�ts. Enforcement of a minimum wage

creates a kink in the trade-o� between wages and bene�ts, causing workers to clump

at the minimum wage. The maximum likelihood estimation makes use of identifying

information from the wage distribution and the plentiful cross-sectional information to

generate precise estimates even in the presence of a fairly short time-series. Estimating

the model on Brazilian data recovers preferences for work, non-wage bene�ts, and a

two-parameter �evasion cost� that re�ects enforcement and reveals the wage penalty of

working in the informal sector. The estimates reveal that the minimum wage in Brazil

does not increase unemployment, rather it raises informality. Informal behavior is com-

plementary, so that violating the minimum wage encourages agents to violate other laws.

This complementarity can be substantial among the poorly educated. Labor market

regulation and enforcement depresses wages among the low-skilled and increases wage

inequality. Informal work carries an average wage penalty of 23% of salary.

1 Introduction

Labor market regulation is ubiquitous, though its enforcement is not. Many countries legis-

late a worker's paradise of mandated minimum bene�ts and remuneration but do not fully

enforce the regulations, allowing the growth of large unregulated shadow economies in the

1



1 INTRODUCTION 2

labor force. On the margin, once a given worker �nds it impossible to �nd fully legal em-

ployment, there may be a strong incentive to ignore other cumbersome labor regulation. A

worker earning less than the minimum wage may �nd that, given their illegal state, it is very

low-cost to evade payroll taxes and convert the payments to higher wages. Legal compliance

is then a complementary good that is of less value done partially.

This paper uses a large dataset from Brazil to measure the costs to workers of being

in the shadow economy and estimate the degree to which initial movement into informality

encourages further noncompliance. It also estimates how the minimum wage and mandated

non-wage bene�ts change the size of the shadow economy, labor force participation, wages,

and wage inequality. The estimation accounts for the selection of workers into and out of

the work force and the endogenous choice of worker bene�ts and legality.

Methodologically, this paper presents a way to recover minimum wage estimates that

relies principally on cross-section, not time-series, information. Many developing countries

have cross-sectional surveys that do not extend back far in time. The time series is often so

short that the assumptions required to identify minimum wage e�ects may be unpalatable.

Furthermore, measurement error in the price index may create large biases in countries with

high levels of in�ation. This paper presents an alternative method for estimating labor

market distortions, given many observations but not much detail and a relatively short time

series.

The model allows workers to trade bene�ts for wages, providing an alternative to un-

employment for low wage workers. This trade-o� creates a mass point of workers at the

minimum wage which is in line with what one observes empirically. Thus, even in devel-

oped countries, if non-wage bene�ts can vary, minimum wages distortions may not occur

in employment, but in explicit and implicit non-wage bene�ts. The empirical model also

estimates a distribution of preferences for non-wage bene�ts relative to cash compensation.

The estimation and accompanying simulation indicate that:

1. Formal workers receive a wage premium of 23% on average, controlling for their higher

productivity.

2. Enforcement of the minimum wage is incomplete, but there are still substantial costs
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to informality. These costs rise strongly with education.

3. Mandated non-wage bene�ts and the minimum wage law do not have strong e�ects

on labor force participation among Brazilian men, although they do increase wage

inequality and depress wages among informal workers.

4. Most workers value the mandated bene�ts package at less than its cost, which is not

surprising as some bene�t payments are only tenuously linked to the bene�t they are

to provide.

5. Lower minimum wages encourage workers to formalize their bene�ts: a 10% decrease

in the minimum wage increases by 1.9% the number of workers paying all payroll taxes.

Among some illiterate workers the increase is 9%, implying strong complementarities

across types of informality.

McIntyre (2004) provides a more thorough review of the related research. In summary, work

on minimum wages in Brazil and other developing countries is limited (see Fajnzylber (2001)

and Lemos (2002) for evidence from Brazil, Jones (1997) for Ghana, Suryahadi et al. (2003)

for Indonesia, Strobl & Walsh (2003) for Trinidad, and Bell (1997) for Mexico). In Brazil

workers are found to move easily between formal and informal markets (Sedlacek & Paes de

Barros 1990).

Research on the U.S. minimum wage, ably reviewed in Brown (1999), does not fully

address the compliance questions that are central here.1 The U.S. literature �nds little

evidence that non-wage bene�ts are a�ected by minimum wages, but much of the research

concentrates on on-the-job training (see Acemoglu & Pischke (1999), Fairris & Pedace (2004),

and Neumark & Wascher (2001)), which has di�erent properties than mandated bene�ts

like social security. Payroll tax evasion's relation to the minimum wage has received little

attention, and understandably so given the di�culty of getting the data. The past literature

tends to be reasonably but loosely tied to an underlying theoretical model and to rely

on time-series or cross-state variation for identi�cation (though Flinn (2002) provides an

1Arrowsmith et al. (2003) provide anecdotal evidence from interviews of 55 small British �rms faced with
a national minimum wage. Though they do not provide formal estimates of minimum wage e�ects, they
conclude that partially or fully evading the law was an important response to the new regulation.



2 INSTITUTIONAL SETTING 4

interesting exception).

The model presented and tested here jointly models wage and non-wage compensation

in a regime with imperfect enforcement. Wages and bene�ts are endogenous outcomes of

the model. The estimation recovers the parameters of an evasion cost function. It also

recovers a distribution of preferences for the legally required package of non-wage bene�ts.

The estimates are recovered o� individual cross-sectional variation rather than time-series

variation. This allows one to take advantage of large cross sections as opposed to short

time-series and may be a fruitful alternative when time-series methods are hindered by lack

of variation, insu�cient length, or confounding macroeconomic e�ects. Additionally, regions

with lax enforcement, such as Brazil, ease the problems of collecting data about nominally

illegal activities such as payroll evasion.

Section 2 describes the institutional setting for the estimation. Section 3 presents the

model. Section 4 describes the data and speci�cation used and Section 5 gives results from

the estimation. Section 6 simulates the e�ects of minimum wage changes and checks the �t

of the estimates to the observed data. Section 7 concludes.

2 Institutional Setting

This section provides background on the labor market regulations of interest in Brazil and

their enforcement. It then provides evidence on the size of the shadow economy in Brazil.

2.1 Labor Market Regulations

Brazil's labor regulations are extensive. The �rst section focuses on the size and nature of

payroll taxes and how they bene�t the worker. The next section examines the minimum

wage and the last section discusses enforcement.

2.1.1 Payroll Taxation and the Minimum Wage

As shown in Table 1, Brazil has several large, mandated non-wage bene�ts, some of which

the worker may fully value and others of which are only partially valued compared to their
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cost.2

The taxes and bene�ts are all paid proportional to the worker's wage. When aggregated,

they approximately double the cost of labor employment. Note that some bene�ts have a

cost that is multiplied by the wage plus other bene�ts. This compounding is what brings

the total costs from 176% of the wage to double the wage.3 Analyses based solely on the

observed wage could be very misleading if these bene�ts are paid only by some workers.

With imperfect enforcement workers will have an incentive to move partially valued bene�ts

into fully valued wages so as to equate the marginal bene�ts of types of compensation.

Table 1: Labor Costs in Brazil

Bene�t Cost as fraction of wage

Annual Bonus 0.08
Personal Unemployment Fund (FGTS) 0.08
Other Direct Payments and Subsidies 0.22
Paid Leisure 0.12
Social Security, accident insurance and worker
training programs

0.26

Payments post-1988
Source: Table 7.1 in Amadeo and Camargo (1997)

The mandated annual bonus and individual worker unemployment fund are both re-

deemable as cash at some point in the future, thus their value depends on the agent's

time-preference and credit constraints. On the other hand, there are many taxes that fund

government programs such as social security, accident insurance, or worker education pro-

grams. The bene�ts of these taxes are only tenuously linked to the individual paying them

and so some workers may be very willing to ditch these bene�ts in exchange for a higher

wage. Their willingness to pay for such bene�ts may re�ect a preference for legality or

2See Amadeo and Camargo (1997) for a careful summary. Note that in the model, bene�ts are treated
as a continuous variable ranging from full to nothing. This is a straightforward simpli�cation of the process
in which an agent values some bene�ts as much as cash, others partially, and others not at all. The model
treats these as a composite �bene�ts� good, where the speci�c bene�ts and their amounts are not modeled.
This captures the agent's desire to take some amount of compensation in bene�ts, but often less than the
legal amount; which is the basis for regulation evasion.

3The same source for the table notes payroll bene�ts across several countries, and Brazil's taxes are
comparable to those in many other countries.
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Figure 1: Minimum Wage in Brazil, 1981-1999
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honesty itself, rather than any clear cash bene�t realized by the agent.

Figure 1 graphs the hourly minimum wage in constant 1994 Reals during the sample

period of 1981-1999. The minimum wage is de�ated using the most widely used consumer

price index in Brazil, the IPCA. There is one minimum wage for the whole country set

annually in May but adjusted more frequently in times of high in�ation.4

2.1.2 Enforcement

The Secretaria de Inspeção do Trabalho within the Brazilian labor ministry employs thou-

sands of inspectors charged with ensuring compliance of all labor laws, from payroll to health

codes (Minestério do Trabalho, 1979). Across the 1990's 3,285 inspectors were employed in

1990 but only 1,960 in 1995. Even though the number of inspectors stabilized in the late

90's to about 2,400 , the number of businesses and employees, inspected �uctuates 20-30%

from year to year. The ministry records indicate that between 15 and 20 million workers'

4In the �rst three years of the sample the minimum wage for the South was slightly higher than the
North, which is accounted for in the data used. This paper uses a single, national, de�ater. The estimation
is robust to �xed regional price di�erences as prices are estimated separately by region.
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businesses are inspected in any given year (Minesterio do Trabalho e Emprego, (2000)).

It is not at all clear, though, how much attention is paid to enforcing the various parts

of the extensive labor code. Recent inspection e�ort has been focused on stamping out slave

and child labor, as opposed to minimum wage or payroll violations. Anecdotal evidence

suggests that actual enforcement of these laws is often by wronged workers complaining to

the Brazilian labor courts. The labor ministry reports that non-wage bene�ts and minimum

wage violations are prosecuted in roughly the same amounts; in 2001, the inspectors found

11,970 businesses in violation of the minimum wage law, 14,726 in violation for having

unregistered workers, and 16,030 for failure to pay FGTS, the unemployment fund bene�t

(Minesterio do Trabalho e Emprego, (2002)). These numbers are suggestive that for non-

wage bene�ts and the minimum wage, enforcement e�orts are of comparable magnitude.

Firms in violation can be assessed up to 24 months of back-paid wages and bene�ts. and

a �ne that can be 3 to 120 times the value of the monthly minimum wage. Violation reports

have a statute of limitations of two years (Consolidação das Leis Trabalhistas, 1943; Brazil

Legal Code 1989, 1999).

Of course, what the law says and what actually occurs may be two di�erent things.

Ideally one would like detailed information about �nes actually paid and their frequency.

Even then, many of the costs of evasion may actually revolve around unobserved bribery

of o�cials. Although this information is not readily available, the estimation does not rely

upon explicitly observing the costs of evasion, but infers those costs from the wages of

workers.

2.2 The Informal Economy Observed

Measurement of informal activity is fraught with di�culty. Agents engaged in illegal activity

are often less than forthcoming about their status. Labor laws in a country like Brazil can

provide useful data on this point for several reasons. First, labor laws in�ict punishments

on �rms, not workers; so the worker has far less concern about how information about a

survey might be used against them, because it is the employer who faces penalties.5 Second,

5This is not to say that the worker might not have some incentive to lie if the worker believed that the
information a) would be used against the employer and b) the worker would lose their job on account of this.
I am unaware of any evidence that the ministry overseeing labor regulations attempts to coerce this type
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although some attempts are made to enforce labor laws, they are widely violated, thus

enforcement is low enough to make reporting feasible but the law may still be having an

e�ect on the economy. Third, the labor market is the subject of regular surveys across

many workers, admitting a large sample of data with which to approach the question. This

section brie�y looks at summary statistics for Brazil's economy and then makes precise the

de�nition employed for informality.

2.2.1 Informality observed in the data

Table 2 summarizes market informality and structure across the North and South of Brazil

in 1999.6 The North is a poor but densely populated region with 15 million men between

the age of 15 and 55. The median wage, R$0.57, is less than half the South's median wage,

R$1.21.

One measure of informality is the number of workers below the minimum wage. The

federal minimum wage hits much higher up in the North's wage distribution, as seen in the

worker statistics on �% Working at the Minimum Wage� and �% Working below Minimum

Wage.�7 In the North, 38% are at or below the minimum wage while only 11% are at or

below the minimum in the South.

Table 1 also reports on worker registration and payment of social security taxes. Em-

ployees are legally required to pay social security taxes, be registered with a signed work

contract, and be paid at least the minimum wage. Payment of these taxes is mandatory but

only one third of employees report paying in the North, while about three-�fths pay in the

South. This failure to pay social security taxes is a particular concern in many countries

that, like Brazil, legislate generous social security payouts but witness widespread payroll

tax evasion.

Unregistered work is also an excellent indicator of informality. Only 43% of workers are

of information from the Census Bureau. This would involve a remarkable amount of coordination across
government bureaucracies.

6Throughout the paper, �North� refers to all the states in the North and Northeast census regions. �South�
refers to all the states in the South and Southeast census regions. The comparatively small Center-West
region is excluded from the analysis. The data and sample restrictions are the same as described in Section
4, except this sample is not restricted to 100,000 observations.

7See Section 4 for a de�nition of �at� the minimum wage�it includes all workers within a tight window
around the statutory minimum.
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Table 2: Brazilian Men, Age 15-55

Statistic North South

Population (millions) 14.6 27.8
% Working 68% 74%
Median Years of Schooling 5 7
Median Age 29 32
Median Wage (1994 Reais) R$ 0.57 R$ 1.21

% Paying Social Security 32% 61%
% Registered Workers 43% 68%
% Working at Minimum Wage 11% 4%
% Working Below Minimum Wage 27% 7%

registered in the North, indicating it may be easier to evade the law there. In the South,

68% of workers are registered.

Table 2 makes clear that informality is widespread in Brazil, but that it varies geograph-

ically. The informal area is also the poorest. This makes it di�cult to say a priori, which

part of Brazil will be most a�ected by the minimum wage. In a fully compliant regime, the

minimum wage would have its strongest e�ect in the low�wage North, but the North appears

to be far less compliant than the South. Hence it is an empirical question to determine

if the minimum wage has more impact in the lower�wage North or in the more compliant

South.

Similarly, enforcement may vary across job markets. If regulations are enforced only

among white collar or skilled labor, then one should look for labor market e�ects among

the educated, as opposed to the more obvious low-skilled market with its low wages. Figure

2 shows wage histograms for 1992 in Brazil across four mutually exclusive and exhaustive

education categories.8 The 1992 log minimum wage of -0.78 is marked on each graph. One

productive way to look at these graphs is as a progression showing how shifting the mean

of a wage distribution causes di�ering kinds of minimum wage distortion.

There is a clear tendency for wages to clump near the minimum, but among the well-

8The categories are illiterate workers, workers with up to the elementary school degree attained at 4 years
of schooling, those with up to a secondary schooling degree attained at 8 years of schooling, and those with
more schooling.
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Figure 2: Log Wage Distributions by Education Level, 1992
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educated this e�ect is hard to pick up. It also may be the case that the left tail of these

distributions seem to have fewer workers than one might expect. If these absent workers

have traded o� bene�ts in order to increase their observed wage, then they are present as

payroll evaders working above the minimum wage. Otherwise they are unemployed.

The histograms reveal just how frequent minimum wage violation is, especially among

the illiterate. Possibly labor law evasion is so easy among these groups that the law is

irrelevant to them, or relevant to only a small subset. On the other hand, even among the

least educated, there is what looks like a clumping of workers at the minimum wage. The

clumping suggests that the minimum wage is doing something although it does not reveal

what exactly that something is. Given the possible di�erences in their labor markets, it is

important to allow for evasion costs that vary across di�erent educational groups.

Eyeballing wage distributions is informative but does not unravel the underlying eco-

nomic processes. The graphs do not reveal: how workers trade o� bene�ts and wages in

response to the minimum wage impetus, whether agents who should be working below the

minimum wage are not working or whether they have moved up in the distribution, and to

what extent the wage informal workers receive is a�ected by the fact that they must work

illegally. Thus Section 3 presents an economic model that can be estimated to answer these
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questions.

2.2.2 De�ning Informality

Given the regulations in existence, the informality of a given worker's employment can vary

greatly. Some agents pay payroll taxes but receive less than the minimum wage. Others

avoid the payroll taxes and government registration requirements but are above the minimum

wage. Thus in this paper, a formal worker is one paid at least the minimum wage, registered

with the government, and for whom all payroll taxes are paid. Empirically, observed payment

of social security taxes and work registration are proxies for payment of all payroll taxes

and non-wage bene�ts. This assumes that social security taxes are the �rst bene�ts workers

relinquish when abandoning non-wage bene�ts or that workers who are registered with the

government receive the mandated bene�ts package, neither of which is likely to be a bad

assumption.

3 Model

This section presents an empirically estimable model of a labor market with both compliant

and noncompliant workers. From the available data, one observes whether or not each agent

chooses to work and, for workers, both the wage and whether or not they receive the full set

of mandated bene�ts. Based on these observed characteristics, each agent is in one of �ve

observable states, which form the basic divisions for estimation:

A Formal Workers

B Workers that are informal due to violating just the laws regarding non-wage bene�ts

C Workers that are informal due to violating just the minimum wage law

D Workers that are informal due to violating both the non-wage bene�ts laws and the

minimum wage law

E Not Working
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These states are mutually exclusive and exhaustive. The formal sector is de�ned as those

that are in compliance with all the labor laws. The informal sector is multidimensional,

allowing two di�erent types of legal violation: noncompliance with mandated bene�ts laws

and noncompliance with the minimum wage. Workers may choose to comply with one

or neither of these laws, thus the informal market is subdivided into states B, C, and D

above. Given a model of how agents choose between these states, one can estimate the

complementarities across types of informality.

The model has two kinds of actors: individuals and �rms. Firms compensate workers

with a package of wages wi and a multiplicative bene�ts rate τi, so that total compensation

paid is wiτi. Bene�ts have a legally mandated rate, B. Wages are required by law to be at

least the minimum wage, M . Firms have the option of ignoring the minimum wage and/or

bene�ts when paying workers. Doing so incurs a worker-speci�c evasion cost, ∆i, that, in

equilibrium, �rms can pass back to the worker. Firms present each worker with a wage

schedule wi(τi) that maps out wage/bene�t packages across which the �rm is indi�erent.

An individual is de�ned by four values:

1. productivity, ti;

2. δi, capturing individual variation in evasion costs;

3. individual preferences for work, ζi;

4. a preference for non-wage bene�ts, θi.

The individual maximizes over consumption and leisure given a standard budget constraint

and the ability to convert non-wage bene�ts into consumption (captured by the non-wage

bene�t preference, θi). Each worker is further constrained by his personal market wage

schedule, wi(τi), as he chooses the optimal combination of wages and bene�ts to maximize

consumption.

An agent chooses his state based on his productivity level, individual evasion cost, and

preferences over work, wages, and non-wage bene�ts. By estimating the parameters of the

model, one can determine how agents react to changing regulation and enforcement, and

the extent to which sti�ening one law can discourage compliance for other laws.
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The following sections discusses the choices faced by �rms (3.1), the speci�cation of

the evasion cost function (3.2) and the resulting utility maximization problem solved by

individuals (3.3). The section ends with some comparative statics resulting from the model

(??).

3.1 Firms

Firms each have access to the same production technology which takes labor as its only

input. All �rms produce the same consumption good and there is no capital. The cost of a

worker depends on their desired mix of bene�ts and wages, as well as the costs of evading

the law for informal workers. These factors a�ect the observed wage paid to the worker.

Thus �rms maximize:

Π = y(T )−
N∑
i=1

πitiτi∆i (1)

where y(T ) is the production function, T =
∑N
i=1 ti, N is the number of employees at the

�rm, ti is the productivity of agent i, and πi is the �piece rate� price of a unit of productivity

from worker i. τi is a multiplier on the wage covering the costs of non-wage bene�ts which,

to be legal, are required to be at the level B. ∆i is the costs paid for evading the law for

worker i and is weakly decreasing in both wi < M and τi < B. ∆i = 1 for all formal agents,

who are those with wi ≥ M and τi = B. For informal agents, ∆i > 1 and is discussed in

Section 3.2.

The total payroll cost is a function of productivity, bene�ts, evasion costs, and an equi-

librium price πi, discussed below, which ensures the cost of a unit of productivity is the same

across workers. Workers receive a wage wi = πiti. The multiplicative form for costs needn't

be restrictive. Bene�ts, which are discussed in Section 2.1.1 and Table 1, are proportional

to the wage, and ∆i can be a function of all the other variables, thus one can entertain any

form of evasion cost one wishes. Given this evasion cost, consider how πi is determined for

formal and informal workers

Formal Sector Prices For formal sector workers bene�ts are at B and there is no evasion

cost (∆i = 1). Since these values are constant, the price is also constant, so that one can
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write the cost of employing a formal worker as πF tiB with wi = πF ti, where πF is the

piece-rate price for formal sector work.

Informal Sector Prices Given a formal sector price of πF , there are some workers for

whom πF ti is less than the minimum wage, M , which makes it illegal to hire them at the

going formal price πF . Coupled with workers who prefer cash to the mandated bene�ts level

B, these workers form an informal market of workers interested in evading the law. Firms

face an extra evasion cost per informal worker but do not have to pay the same formal sector

price πF for labor. They may also pay fewer bene�ts which are substituted for higher wages.

De�ne cost per worker as

Ci ≡ πi · ti · τi ·∆i. (2)

The price πi will be a function of the evasion cost ∆i, which is itself a function of bene�ts

and wages, and τi.

Equilibrium in the market requires that informal workers o�er their work at a price per

unit of productivity that makes them competitive with formal workers. The price schedule

must be such that the per unit cost of productivity is the same for all agents:

Ci
ti

=
Cj
tj

∀i, j (3)

Note that for any given worker, ti cannot be incremented marginally. Thus the �rm does

not increment ti but rather picks among the discrete choices for the best deal available. The

�rm compares average cost of all the possible marginal workers it can hire. As noted above,

for all legal workers the price schedule is a �xed constant, πi = πF . More generally, the

market price schedule πi, requires undoing the added costs of evasion and the extra wages

paid in exchange for foregone bene�ts. Thus

πi(πF ,∆i,
B

τi
) = πF ·

B

τi
·∆−1

i (4)

ensures that both (2) and (3) hold for all workers. This price function has the �rms exactly

passing on their evasion costs to workers. This is as one would expect as long as the �rms
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have the option of hiring a formal worker with no evasion cost. Observed wages,

wi = πF · ti ·
B

τi
·∆−1

i , (5)

are a combination of the evasion cost, productivity, and the extent (if any) to which the

worker substitutes wages for bene�ts. Since ∆i depends on the wage and bene�ts package,

wi is only implicitly de�ned by (5). Thus �rms are willing to hire workers that are formal

or informal, and the informality of the worker can be in either wages, bene�ts, or both.

3.2 Evasion Costs

The key to understanding the e�ects of regulation under incomplete enforcement is to un-

derstand the costs associated with evading the law. Section 3.2.1 considers how an evasion

cost in general might a�ect a worker's decisions to take bene�ts. Section 3.2.2 then speci�es

a log-linear form for evasion costs and discusses its properties.

3.2.1 General Results

Before assuming a more speci�c form for the evasion cost, consider one general implication

of the model. Agents are faced with a wage schedule in (5) where wages are a function of

bene�ts, wi = wi(τi). Agents interested in trading o� bene�ts for higher wages then face

the following marginal trade-o� at di�erentiable points:

d ln(w)
d ln(τ)

= − 1 + ∆τ

1 + ∆w
(6)

Where i subscripts are suppressed and the τ and w subscripts indicate elasticities of ∆ to

the subscripted variable. This elasticity between wages and bene�ts, derived from taking

total derivatives of the log of (5), maps out a budget constraint for the movements between

the di�erentiable points of bene�ts and wages. Changes in the wage above the minimum

are assumed to not a�ect evasion costs, so that ∆w = 0 for all wages above the minimum,

and:

d ln(w)
d ln(τ)

= −(1 + ∆τ ) w ≥M. (7)
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There are two potential issues as the wage approaches the minimum wage, M , or the full

bene�ts level, B. The �rst is �xed costs of illegality, so that there is some cost paid for

any illegality, even if the worker is close to the legal levels. If there is a �xed evasion cost

such that limw↑M ∆ 6= 0 or limτ↑B ∆ 6= 0, then there will be an upward jump in the budget

constraint at the minimum wage or full bene�ts level. Either of these cause some workers

to stay legal in one or both dimensions in order to evade the �xed costs. If the �xed cost in

minimum wage violation is dominant, then one would expect many workers to dump bene�ts

in order to get to the minimum wage. If the loss of bene�ts is more important then workers

will tend to stay with full bene�ts even though they are otherwise illegal. This situation is

graphed in the top panel of Figure 3, with a representative wage schedule, w(τ), and, for

the sake of illustration, a potential indi�erence curve a worker might have across wages and

bene�ts. Note how the �xed costs create a �dead zone� of wage and bene�t combinations

(those where the agent is jointly illegal in both spaces) that few agents would �nd optimal.

One simpli�cation is to assume that �xed costs are paid only once for any evasion. Then

a worker with w(B) < M always pays them, but a worker with w(B) > M only pays �xed

costs if he chooses to drop bene�ts, thereby becoming informal. This situation is graphed

in the middle panel of Figure (3). This type of market distortion causes skilled workers to

favor bene�ts to avoid �xed evasion costs, while those below the minimum wage don't face

this �xed penalty as they are already illegal. Thus fewer low-skilled workers clump at full

bene�ts. A larger number of skilled workers clump at full bene�ts, not because they value

them fully, but rather to avoid the costs of informality.

Aside from �xed costs there may be distortions due to kinks in w(τ). This situation is

graphed in the last panel of Figure (3) assuming no �xed costs. Since B is the highest level

of bene�ts, kinks in ∆τ at B are not interesting. On the other hand, if limw↑M ∆w 6= 0 when

τ < B, then agents face a kink in the trade-o� between bene�ts and wages at the minimum

wage, since ∆w = 0 for w > M . The kink is the result of the change in the trade-o� between

bene�ts and wages and creates a group of workers who stay at the minimum wage as their

maximum utility point.9

9The kink does not actually require that changing wages above the minimum be irrelevant to changing
evasion costs, only that there is a discrete, positive change in ∆w at M .
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Figure 3: Example Trade-o� Between Wages and Bene�ts
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3.2.2 Log-linear Speci�cation

Firms face �nes for employing informal workers, but only if caught. The �ne consists of two

parts, an idiosyncratic �ne set by the trial judge ranging from 3 to 120 times the minimum

wage and up to 24 months of back-paid wages and bene�ts. Thus any functional form

employed should allow for a possible �xed cost �ne and a payment that varies with how far

out of compliance the worker is.

Empirically, there is a sharp decline in the number of workers taking full bene�ts as one

moves below the minimum wage. This suggests that there are substantial complementarities

in evasion. It also does not �t a model with separate strong �xed costs for wage and bene�t

compliance, because in that case dropping below the minimum wage would not encourage

workers to drop bene�ts as well. Thus a cost function like that modeled in the second panel

of Figure 3 , where there is only one �xed cost, is more appropriate.

Although many evasion costs might be entertained, the remainder of the paper focuses

on a symmetric, log-linear speci�cation. Symmetry assumes that all evasion costs are treated

identically, whether it be in the minimum wage or non-wage bene�ts. This assumes that

enforcement and punishment of minimum wage laws are not substantially di�erent than

that of non-wage bene�t laws, and where �xed costs of evasion are only paid for the �rst

infraction, not again for each evasion, as discussed above. This log-linear form can be written

as:

ln∆i = −Di (δi + δM (ln(M)− ln(min(w,M)) + δM (ln(B)− ln(min(τ,B))) (8)

Where δi < 0 is speci�c to the agent and δM ∈ (−1, 0]. Di = 1 for those with either

form of illegality and 0 otherwise. This form sets ∆w = ∆τ ≡ δM where δM can be thought

of as a tax on illegal activity. (8) includes a �xed cost of evasion, δi, which is paid when

an agent become informal in any way. Thus it admits the possibility of agents clustering

at full bene�ts in order to avoid the evasion cost δi and allows individual heterogeneity in

evasion costs by making the �xed cost parameter δi agent speci�c.
10 The slope parameter

10Evasion costs are not correlated across workers, thus �rm size does not a�ect the need to hire formal or
informal workers. One could easily modify the model to have correlated evasion across workers, so that all
workers are caught at once. Then �rm size would be incorporated into the model as a component of evasion
costs, with large �rms typically formal. Since �rm size is not observed in the available data, these e�ects
would be captured through some random, unobserved component. This model allows for such randomness
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δM allows for kinks at the minimum wage in w(τ).

Thus (8) produces wage schedules like those illustrated in the second and third panels of

Figure 3, though not the �rst panel which has separate �xed costs for the di�erent kinds of

evasion. As noted above, the observed complementarity between bene�t and wage evasion

suggests that �xed costs do share a large common component. (8)'s symmetry and log-

linearity is somewhat restrictive; but the restrictions make estimation easier and could be

relaxed depending on the available data.

The form chosen conveys the institutional details noted above. Namely, there are �xed

costs associated with illegality and, due to back pay provisions, costs rise with increasing

illegality. Minimum wage laws and non-wage bene�t violations are enforced and punished

by the same agency and in the same courts, with similar �nes imposed for either type of

violation. Thus imposing a symmetric cost structure is reasonable.11 The cost imposed by

the �nes is tempered by the fact that getting caught is not a certainty, but a probabilistic

event and so must be weighted accordingly.

A more complete model of evasion would consider the probability of getting caught,

recognizing that workers can turn �rms in. (8) is a reduced form log-linear approximation

to this more complete model. It does, however, allow for the possibility that agents with

more backpay on the line are more likely to default, since costs rise for those farther from

the mandated levels. Further, by allowing for individual heterogeneity in costs, through the

�xed cost δi, it can capture some of the di�erences across agents in willingness to turn the

�rm in. To the extent that such heterogeneity is correlated with observable characteristics,

the evasion cost can also vary across these characteristics, allowing for further reduced form

di�erences.

The evasion cost function contains a �xed cost δi and a slope parameter that disappears

when wages rise above the minimum wage. These features create corner solutions in the

resulting wage schedule. Suppress i subscripts and substitute the de�nition of ∆ into the

through δi.
11If there are important variations in the evasion costs across types of illegality, the estimation will attempt

to capture a common cost parameter that maximizes the observed likelihood. The parameter will not be
correct but may be close enough to remain useful.
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wage schedule (5) to get the following wage function:

ln(w) = ln(πF t) +Dδ + (1 + δM ) · ln
(
B
τ

)
w ≥M

= ln(πF t)+δ+δM lnM
(1+δM ) + ln

(
B
τ

)
w < M

(9)

The formal and informal markets function as one labor market with one price constant πF

that is adjusted when hiring an informal worker. The adjustment has two parts: there is a

wage discount determined by the cost of evasion and a wage increase based on the bene�ts

level chosen by informal workers. The observed wage is obviously a function of the bene�ts

chosen, this is addressed in the decision of the individual. The above equation establishes

the payment schedule o�ered by the �rm.

Note that agents working at less than the minimum wage can freely move between

bene�ts and wages at a one-to-one price ratio. This is because they are simply substituting

between two kinds of informality�as their bene�ts fall farther below the mandated level,

their wages rise closer to the minimum wage. Since ∆w = ∆τ , the net change in evasion

costs is zero. Those working above the minimum wage who choose to forego bene�ts face a

degraded price ratio of a 1+δM percentage wage increase for each percentage point reduction

in bene�ts.12 This is because dropping bene�ts raises evasion costs by ∆τ = δM , but the

resulting wage increase does not decrease evasion costs because ∆w = 0 when w > M .

Agents must divert a portion δM of the proceeds to pay the higher costs of evasion. In

economic terms, paying wages in excess of the minimum wage does not give one leeway to

violate non-wage bene�t laws, thus these agents must pay an evasion tax, δM , when moving

bene�ts to wages. This shift in the price ratio results in the kink in the wage schedule at

M , which causes workers to clump at the minimum wage.

3.3 Individuals

Individuals only make two choices: whether or not to enter the labor force and a wage/bene�t

combination. The bene�ts level determines the wage level according to the wage schedule

wi(τi) found in equation (9) and illustrated in Figure 3. Based on the agent's decisions,

the agent then occupies one of the �ve states discussed previously: formal, informal due to

12Recall that δM is always negative and bounded between (−1, 0].
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less than full bene�ts, informal due to working for less than the minimum wage, informal in

both bene�ts and wages, and not working.

Section 3.3.1 models the agent's choices. Section 3.3.2 describes the general utility max-

imization problem. Section 3.3.3 speci�es the bene�t preference equation in order to solve

the maximization, then Section 3.3.4 maps individual parameters into distinct regions of the

parameter space. Lastly, Section 3.3.5 maps these regions of the parameter space into the

observable states.

3.3.1 Choices and Preferences

Agent utility is de�ned over consumption and labor force participation given a set of

individual-speci�c taste-shifters:

U(ci,Wi|ζi, θi) (10)

where ci is consumption and Wi = 1 if the agent is employed, 0 otherwise. There is no

hours decision, only participation. The taste parameters are de�ned above. Consumption

is produced from wages, bene�ts, and non-wage income:

ci = ni +Wiψ(wi, τi|θi) (11)

where ni is nonlabor income. The function ψ de�nes how individuals combine wages and

non-wage bene�ts to produce consumable goods. It is assumed to be increasing and concave

in both it's arguments. Figure 3 graphs a �potential indi�erence curve� between wages and

bene�ts. Those indi�erence curves each represent wage/bene�t combinations that give a

�xed value of ψ. The preference parameter θi allows this function to vary across individuals.

A special case of bene�t preferences would be where all workers value the bene�ts at their

cost to the �rm. Remembering that bene�ts are a rate multiplied by the wage, this implies

that for that special case ψ(·) = wiτi.

Substitute the consumption constraint, (11), into the utility function, (10), and specify

the utility function in logs as U(·) = ln(1 + ci) + Wiζi to get the following concentrated
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utility function:13

ln (1 + ni +Wiψ(wi, τi|θi)) +Wiζi (12)

which workers maximize.

3.3.2 Utility Maximization

The maximization involves two steps. First the agent picks a wage / bene�ts combination to

maximize ψ(w, τ) subject to the constraint w(τ) given in equation (9).14 Given an optimal

choice of w∗ and τ∗, the agent works if ln (1 + n+ ψ(w∗, τ∗|θ)) + ζ ≥ ln(1 + n).

As should be obvious from Figure 3, the discontinuities in ∆ complicate calculation of

the optimal wage/bene�t package. This section describes the typical �rst-order tangency

conditions and then outlines when the worker is optimally at a tangency, kink, or corner in

the wage / bene�ts space.

The wage / bene�ts problem can be concentrated into an unconstrained maximization

of ψ(w(τ), τ), which has the following derivative wherever the derivative is de�ned:

wτ = −ψτ
ψw

(13)

where subscripts are derivatives and

wτ = − τ
w w < M

= −(1 + δM ) · τw w > M , τ < B. (14)

Equation (13) is the standard optimization result that the price ratio, wτ , is equal to the

ratio of marginal bene�ts. This tangency condition may not be the optimum for two reasons;

it may not exist, due to a kink in the wage schedule; or it may be that the worker is better

o� at the corner τ = B where the agent is formal and so does not have to pay the �xed cost

δ. Consider each case in turn.
13The ln(1 + x) form is used to eliminate zeros in the natural log function.
14Individual subscripts are assumed but not printed in the remainder of the section
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Kink in w(τ) The third panel of Figure 3 graphs the sudden addition of the marginal

evasion cost δM . This implies there are some values wτ skips over, so that there is no

solution to the previous tangency condition. Workers in such a range desire fewer bene�ts if

the bene�ts can be traded o� at a 1:1 ratio, but are unwilling to discard bene�ts if there is

an evasion �tax� of δM . In this case the workers remain at M , forming a clump of minimum

wage workers. Naturally this kink only matters if the agent's bene�t schedule passes through

M , or in other words, w(B) < M and w(1) > M . Thus the clumping at the minimum wage

is composed of informal workers increasing wages by discarding bene�ts.15

Fixed Cost Nonconcavity Suppose there is a solution to (13) and call it τ̂ . Since

w(τ) has a �xed cost component, there is a nonconcavity which may make agents better

o� at the corner, τ = B. An example of this situation is graphed in the second panel of

Figure 3, where the agent is indi�erent between their tangency level of bene�ts, τ̂ , and full

bene�ts. This nonconcavity is irrelevant if the worker has w(B) < M , for such a worker,

w < M or τ < B; either way the worker must always pay the �xed costs of informality so

there is no nonconcavity.16 For workers who have the choice of formality, they choose τ̂ if

ψ(w(B), B) ≤ ψ(w(τ̂), τ̂), otherwise they stay at the formal corner with τ = B.

15One can apply a modi�ed version of this result to minimum wages in high enforcement countries. The
bene�ts to the job might be de�ned not as legally required ones, but simply niceties of employment, such as
those considered in Simon & Kaestner (2003). Regardless, if there are bene�ts workers can forego to make
themselves worth the minimum wage, some may wish to do this instead of becoming unemployed. Since they
value these other bene�ts as well as wages, once they hit the minimum wage they stop the trade-o�. Thus the
minimum wage may distort non-wage bene�ts decisions more than labor supply decisions, even with perfect
enforcement. If non-wage bene�ts are more elastic than employment, which seems reasonable, this may
be an important place to look for distortions of the minimum wage in developed countries. Unfortunately,
if informal workers are not plentifully available in survey data, there may be di�culty in identifying the
parameters of interest.

16It may be the case that workers value bene�ts enough to want more than full legal bene�ts. Since many
of the bene�ts are deferred cash or some type of payment in kind at best, this would be a strange situation.
Although the model could deal with these people, I restrict the function ψ so that this does not happen.
An extension to the model would consider non-legally required bene�ts, in which case such overvaluation
might be very reasonable. But as the purpose of the paper is to model informality decisions, non-mandated
bene�ts are ignored.
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3.3.3 Specifying ψ for an Analytical Solution

To provide a tractable solution to the agent's optimization problem, de�ne the function ψ

as:

lnψ(w, τ) = (1 + θ) · ln τ − 1
2
(ln τ)2 + lnw (15)

where θ ∈ [0, lnB]. Over the available range of θ and τ , this log-quadratic form is concave

and increasing, which meets the requirements of the model. Further, where di�erentiable,

the marginal bene�t ratio − ψτ

ψw
= − τ

w · (1+θ− ln τ), which can be substituted into equation

(13), along with equation (14), to yield:

ln τ̂ = θ w < M

= θ − δM w > M , τ < B (16)

Constraining θ to the space of [0, lnB] provides it a natural interpretation as the log of the

level of bene�ts the agent would choose in a market with no evasion costs. Note that once

bene�ts are full, there is no evasion cost anymore, so the agent plateaus at full bene�ts.

This equation only describes the tangency condition, τ̂ . As discussed above, the optimal

decision may not be at a tangency. Given the speci�c functional form, one can return to

the kink and nonconcavity issues presented generally and calculate the analytical solution.

Kink in w(τ) For many workers with w(B) < M , there is a level of bene�ts that can result

in the worker's wage rising above M ., such that the kinked wage schedule may a�ect them.

Such agents can be divided into three groups based on their bene�t preferences. Using

equation (9), one can derive ln(πF t)+δi−lnM
1+δM

+ ln(B) as the level of θ at which the agent

has a tangency at the minimum wage, when coming from wages less than the minimum.

This value is a function of productivity and the individual evasion cost δ. For notational

convenience, let:

θ̄WM (t, δ) ≡ ln(πF t) + δi − lnM
1 + δM

+ ln(B), (17)
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where the subscript keeps track of the fact that this is a measure of distance between the

minimum wage and w(B) for the worker. Agents with θ above θ̄WM (t, δ) choose wages below

M . Appealing to the conditions in equation (16), those with θ < θ̄WM (t, δ) + δM choose

wages above the minimum at a tangency point. All those between these two levels, with

θ ∈ [θ̄WM (t, δ) + δM , θ̄WM (t, δ)] , remain at the minimum wage.

Fixed Cost Nonconcavity Given a form for utility, one can derive the value of θ above

which agents who can be formal choose to do so to avoid δ, B̃ + δM −
√
−2 · δ. Note that

if δ = 0, this collapses down to the tangency condition in equation (16) for those above the

minimum wage. Any worker with θ above this value and w(B) > M chooses full bene�ts.

3.3.4 Regions

One can characterize each worker as falling into one of �ve regions in t, θ, δ, and ζ space.

Let Ωj be the jth region where j ∈ {1, 2, 3, 4, 5}. The �ve worker regions are de�ned as:

Ω1 = {t, θ, δ, ζ|t ≥ M
πF
, ζ ≥ ln (1+n)

(1+n+ψ(w∗,τ∗)) , θ ≥ lnB + δM −
√
−2 · δ}

Ω2 = {t, θ, δ, ζ|t ≥ M
πF
, ζ ≥ ln (1+n)

(1+n+ψ(w∗,τ∗)) , θ < lnB + δM −
√
−2 · δ}

Ω3 = {t, θ, δ, ζ|t < M
πF
, ζ ≥ ln (1+n)

(1+n+ψ(w∗,τ∗)) , θ ≥ θ̄WM (t, δ)}

Ω4 = {t, θ, δ, ζ|t < M
πF
, ζ ≥ ln (1+n)

(1+n+ψ(w∗,τ∗)) , θ ∈ [θ̄WM (t, δ) + δM , θ̄WM (t, δ)]}

Ω5 = {t, θ, δ, ζ|t < M
πF
, ζ ≥ ln (1+n)

(1+n+ψ(w∗,τ∗)) , θ < θ̄WM (t, δ) + δM}

(18)

and are summarized in Figure 4. Note that the condition w(B) ≥M is equivalent to t ≥ M
πF

and θ̄WM is de�ned above in equation (17).17

The �gure outlines the �ve regions described in equation (18). The �rst region, Ω1,

is the only set of formal workers. Ω2 are those workers able to be formal, but preferring

informality due to their low valuation of bene�ts. Thus they are informal due to violating

the bene�ts law. Those in Ω3 value bene�ts but are insu�ciently productive to be formal.

Given that they have paid the �xed costs of evasion these workers pick the exact level of

bene�ts they �nd attractive, as they pay no additional evasion costs for moving to their

17w(B) ≡ πit ≥M ⇒ πi(B) = πF ⇒ t > M
πF

. w(B) ≡ πit < M ⇒ πi(B) < πF ⇒ t < M
πF
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Figure 4: Optimal Bene�ts in θ and t Space
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optimal point. Ω4 consists of workers who trade o� bene�ts so much that their wage climbs

to the minimum wage, at which point they face the kink in the budget constraint. This

makes further trade-o�s undesirable and so agents in Ω4 are clumped at the minimum wage.

The last region, Ω5, are workers who trade o� enough bene�ts that their observed wage is

above the minimum wage. Thus they are informal due to lack of bene�ts and appear to be

like agents in region Ω2. They di�er in that they actually cannot be formal because adopting

full bene�ts would lower their wage to below M .

3.3.5 Observable States

Given these regions, it is easy to map unobserved individual parameters into observed wages

and states A through E. Table 3 summarizes how the model translates the observed choices

back to unobserved preferences, productivity, and idiosyncratic evasion costs.

Table 3: Mapping Parameters to Observed States
State Region ln τ∗ lnw∗

A {t, θ, δ, ζ} ∈ Ω1 lnB lnπF + ln t

B {t, θ, δ, ζ} ∈ Ω2 ∪ Ω5 θ − δM ln(πF t) + δ + (1 + δM ) · ln B
τ∗

{t, θ, δ, ζ} ∈ Ω4 θ̄WM lnM

C {t, θ, δ, ζ} ∈ {Ω3 ∩ θ = lnB} lnB ln(πF t)+δ+δM lnM
(1+δM )

D {t, θ, δ, ζ} ∈ {Ω3 ∩ θ < lnB} θ ln(πF t)+δ+δM lnM
(1+δM ) + ln B

τ∗

E {t, θ, δ, ζ|ζ < ln (1+n)
(1+n+ψ(w∗,τ∗))} - -

These states exhaust the available groups into which an agent falls. Note that all those in

states A-D must satisfy the work condition of ζ ≥ ln (1+n)
(1+n+ψ(w∗,τ∗)) . Also, state B includes

all those in regions Ω2, Ω4 and Ω5. State C only occurs if there is a mass point of agents

with θ = lnB; the speci�ed model allows for this clumping at the top end of θ's range.
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The model o�ers few unambiguous theoretical responses to changes in the minimum

wage. Comparative static responses are worked out in McIntyre (2004). In brief, employment

should rise, but e�ects on wages and formality are ambiguous. If employment is relatively

constant, informal wages and legality both decrease as the minimum wage rises, though high-

skilled formal wages are una�ected. Economy-wide average wages are always ambiguously

signed.

4 Data and Speci�cation

The data are annual, cross�sectional, individual observations on wages, labor market partic-

ipation, bene�ts, and family characteristics drawn from one of Brazil's household surveys,

the Pesquisa Nacional de Amostra de Domicilios (PNAD).18 The survey interviews approx-

imately 300,000 individuals every year. The estimation uses surveys from from 1981 to 1999

except 1991, when there was a national census, and 1994 when there were budgeting di�-

culties. Altogether, the dataset contains approximately �ve million observations. From this

data, the estimation uses a random sample of 100,000 men.

Data are collected in October about experiences in September and include detailed labor

force participation information, such as whether or not the individual participates in the

social security system, possesses a legal work contract (which implies being registered with

government), and their hours worked and earnings for the month. The hourly wage is

constructed from the hours and earnings data which is then de�ated using the IPCA. Agents

with a work contract or who pay social security are classi�ed as taking full bene�ts. Both

employees and self-employed workers are included.

The minimum wage is also de�ated by the price index. Minimum wages are reported as

a monthly salary which must be combined with the maximum hours one can work in order

to get a minimum wage. Those working half-time are required to receive half the minimum

18The PNAD micro data is available from the Brazilian census agency, the IBGE. More information is
available at their web site. The PNAD is not the only household survey data available in Brazil. There is
also the PME, a monthly CPS-style survey that rotates households in and out of the sample over one year.
Unfortunately the PME is drawn exclusively from the largest metropolitan areas, and hence is not nationally
representative. The rural workers missed by the PME are especially relevant to formal and informal work.
These rural workers make decisions about whether to migrate to a neighboring city to look for a job in the
formal labor market. They also migrate back to the rural areas when formal sector jobs are scarce. The
PNAD includes these workers and so is preferable.
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wage. Thus it is truly a minimum wage, not just a minimum salary. The maximum hours

worked changes over the sample period from 48 to 44 in 1988. For purposes of estimating

the spike at the minimum wage, minimum wage workers are those working at the minimum

monthly salary if they report working 40, 44, or 48 hours, or if their wage is within 3 log

points of one of the wages implied by these hours. The minimum wage, the IPCA price

index and GDP per capita, which are used in some regressions, all come from the Brazilian

Central Bank's online database.

Full bene�ts are calculated based on the legal payroll taxes in Brazil (see section 2.1.1).

The cost multiplier to the �rm of these bene�ts is .7 log points, thus lnB = .7.19 Wages are

computed by dividing earnings for the month of September by average hours worked.

Age is counted in decades and centered around 0. Thus it ranges from -2 to 2 and a

value of 0 corresponds to a man age 35. Years of schooling is clumped in the data for higher

levels. Those with 9-11 years of schooling are assigned a schooling level of 10. Those with

more than 11 are assigned a value of 14. Years are measured in decades, with the �rst year,

1981, normalized to 0. Nonlabor income is all household income that does not come from

the individual's wages. It includes the wage income of other agents in the household.

Given the above model, estimation requires specifying the observed variables and un-

observed distributions to allow the model to assign a probability to any observed outcome.

One can then use maximum likelihood for the estimation.

Productivity and preferences for work are allowed to be correlated across workers, and

are modeled as bivariate normally distributed variables:

ln ti = Xiβ + εi

ζi = ZiζZ + ui (19)

(εi, ui) ∼ BVN(0, 0, σ2
ε , σ

2
u, ρ)

where Xi and Zi are productivity and preference shifters.

19Due to the 1988 constitution, payroll bene�ts actually di�er before and after 1988. Thus up to 1988
lnB = ln(1.84), and afterwards lnB = ln(2.02). This regime shift may have other e�ects on the administra-
tion of bene�ts. To account for this, bene�t preferences include an indicator variable that equals one for all
years after the 1988 Constitutional change.
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The bene�ts parameter θi is distributed as a normal variable truncated to be between 0

and lnB, generating mass points at 0 and lnB. This allows many agents to value bene�ts

fully or not at all:

θi = UiθU + ηi UiθU + ηi ∈ [0, lnB]

= 0 UiθU + ηi < 0

= lnB UiθU + ηi > lnB (20)

ηi ∼ N(0, σ2
η)

Where Ui is a set of bene�t preference shifters.

Evasion costs also vary across individuals and are distributed as

−δi ∼ Exp(σδ) (21)

which ensures that cost is always negative.

Let πkF be the formal sector price in market k, where each agent is considered to be

in one of K markets. Then one can recover formal sector prices, π1
F , . . . , π

K
F with dummy

variables that divide the data into markets.

If the whole economy in a single year functions as one labor market, so that k = t, then

a single set of year dummies recovers all prices. The estimation does not impose this strong

assumption on the data, but rather breaks up the country into markets by region and broad

education group. The education categories are based on certi�cates received at the 4th and

8th grades, with a separate category for illiterate workers. With 17 years, four education

groups, and two regions, the model has 136 markets.

Note that productivity can di�er across each year of education, the restriction imposed

here is that workers within a region/education/year cell are all operating within one market,

and so there is one applicable πkF value. The covariates in the productivity equation Xi

include interactions and polynomials in age, education, and region. The work and bene�t

preference covariates, Zi and Ui, include Xi plus family demographics, and a year trend.
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Due to the large changes surrounding the 1988 Constitution, a dummy variable is included

for post-1988.

Note that only wages are a�ected by prices and only work decisions are in�uenced by

nonlabor income, creating additional exclusion restrictions that aid identi�cation. Nonlabor

income is measured as the household income excluding the agent's own labor income.

Given the above, one can compute the likelihood of any observation. This is done in the

Appendix. These probabilities provide the basis for estimating the parameter vector using

maximum likelihood. As the integrals de�ning the probabilities are analytically intractable,

their values are calculated with numeric simulation.

5 Results

Section 5.1 estimates the model assuming that the parameter vector is constant across all

men. Section 5.2 allows for education and geographic heterogeneity in the evasion parame-

ters. Lastly, Section 5.3 considers how well the estimated model �ts the observed data.

5.1 Homogeneous Model

Table 4 reports estimates of the model for approximately 100,000 working age men. Reported

standard errors are robust to dependence within a year/region/education cell, but are likely

to be too small in general due to lingering correlations across years and education groups

even after the included covariates

The table lists each equation along with the associated vector of covariates if any. The

productivity distribution gives results that are to be expected: there are nonlinear produc-

tivity increases associated with age and education. Note that the education parameters are

estimated o� education di�erences within a broad education market.

The second equation in Table 4 is the positive value given to work. Conversely, it could

be read as the negative of preferences for leisure. Both age and education show substantial

nonlinearity and education's e�ect varies across the two regions. The values are very large

in size. This is because one compares the utility of a week's work to the utility of staying

at home for a week. As family size increases, agents prefer to work less; but children, who
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Table 4: Model Estimates

Parameter Covariate Estimate Std Err

Productivity�β
Age 0.2449 0.0094
Age Squared -0.1071 0.0040
Age Cubed 0.0041 0.0029
Educ 0.0477 0.0081
Educ*Southeast 0.0406 0.0113
Educsq 0.0073 0.0005
Educsq*Southeast -0.0033 0.0006

Work�ζZ

Age -0.8193 0.1807
Age Squared -3.5444 0.2227
Age Cubed 1.2158 0.0868
Educ -0.7161 0.1307
Educ*Southeast 1.3751 0.1905
Educsq 0.0423 0.0094
Educsq*Southeast -0.0893 0.0147
Southeast -1.5784 0.5062
Family Size -0.5292 0.0542
Children 1.2741 0.0990
Year -2.2269 0.2071
Constant 19.5452 1.2929

Bene�ts �θU

Post88 0.1538 0.0156
Age 0.0242 0.0066
Age Squared -0.0582 0.0031
Age Cubed 0.0165 0.0026
Educ 0.0725 0.0055
Educ*Southeast 0.0026 0.0066
Educsq -0.0009 0.0004
Educsq*Southeast -0.0013 0.0005
Southeast 0.2509 0.0205
Family Size -0.0073 0.0015
Children -0.0118 0.0023
Year -0.2277 0.0133
Constant 0.1081 0.0184

Productivity Std. Dev�σε 0.7322 0.0044
Work Std. Dev�σu 14.0470 0.7046
Bene�ts Std. Dev.�ση 0.5224 0.0085
Productivity and Work Correlation�ρ -0.2792 0.0251
Evasion Cost�δM -0.3913 0.0082
Evasion Std. Dev.�σδ 0.0145 0.0011

Observations 99831
Log Likelihood -181050
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demand more cash resources, increase the comparative value of cash over leisure for men.

The standard deviation of productivity and work preferences need little comment, al-

though note that work preferences are very di�use across the population, thus the male

population has a low elasticity of work force participation. This result may be biased by

price index measurement error that attenuates estimates of how prices a�ect work e�ort.

The ρ term is negative implying that more productive agents have a stronger dislike for

work, or a higher relative preference for leisure.

The bene�ts preference coe�cients show reasonable values. The 1988 reform resulted in

an increased valuation of bene�ts. The age pro�le shows an inverted U-shape and education

leads to a stronger desire for the legal bene�ts.20 Those in the South strongly prefer more

bene�ts and the valuation of bene�ts has shown a strong secular decline over time. Recall

that the year variable is recorded in decades, thus there is about a .44 drop over the two

decades, mediated by the rise of .15 in 1989. Family size has a small but negative e�ect

on the bene�ts distribution perhaps due to the safety net provided by the family. The

coe�cient on children is economically signi�cant. More children implies a lower preference

for bene�ts, which is in line with the theory that the state's old age safety net substitutes

for children as a net.

Preferences for bene�ts are very di�use, given the mean. Values for the parameter lie

between 0 and approximately .7, so the standard error of .52 shows that there is a great

deal of variation in the population. This implies that there will be many agents who could

bene�t from working informally and trading bene�ts for wages.

The evasion cost parameters show that the there is a nontrivial amount of distortion

coming from minimum wage enforcement. The marginal �evasion tax� δM , which is a cost

based on how far you are from legality, is -.39. This means that agents pay about 40% of

any increased illegality in increased evasion costs. Thus a worker below the minimum wage

who had their productivity decline by 1% would be paid 1%
1−.4 = 1.66% less.

The agent's �xed cost of evasion is drawn from an exponential distribution with mean

20This parameter is unfortunately not as �deep� as one might wish. It could well be the case that the
preference for bene�ts by the educated is because the educated actually receive the bene�ts whereas the
poor pay for bene�ts they cannot really take full advantage of. The same issue comes up in evaluating the
regional di�erences.
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and standard deviation σδ. Thus an agent at the average of this distribution moving into the

informal market could expect a 1.5% discrete drop in wages. This hides the heterogeneity

in the e�ect as one would observe many people with essentially no �xed costs of evasion,

while a few others face a cost of 5% or more. Regardless, the e�ect is small enough that

apparently the larger cost comes through the marginal evasion parameter, δM .

As mentioned in section ??, prices are estimated separately using dummy variables by

year and region for 4 broad educational categories. They are graphed in Figure 5. The

normalizing value is the price of a unit of illiterate labor in 1981 in the North. Prices are

higher in the South and are very similar across educational categories� suggesting that all

literate workers within a region could probably be treated as one market if desired. Illiterate

workers receive a lower price for their labor (controlling for a quadratic education e�ect in

productivity) and don't move entirely the same as the other markets. Thus it is good to

treat them separately, especially when the goal is to understand informality and low�wage

work. Lastly, prices vary sharply from year to year and have generally fallen over the past

twenty years. This is consistent with the descriptive work done in McIntyre & Pencavel

(2001), which shows the same trends and variation in Brazil's wage distribution.

Figure 5: Formal Sector Prices
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This model shows that agents generally do not fully value their bene�ts. They face large

costs of evading the law, but despite this, many of them evade, either because they have no

other labor market option or because they place very low value on non-wage bene�ts.

5.2 Heterogeneous Evasion Cost Parameters

Section 5.1 estimates the basic model, but fails to account for important heterogeneity.

Namely, it may be the case that evasion costs di�er sharply across the country and across

education levels. It may be very easy to �nd an illegal job among unskilled laborers, but

almost impossible among the jobs requiring more than a high school degree. This would

imply that evasion costs are higher among the well educated. A similar di�erence might

separate the richer South from the poorer, and less compliant, North. It may be that

evasion is easier when others are evading as well, creating complementarities in evasion

that cause the parameters to di�er by region. Although this model can't fully explore legal

enforcement complementarities, it can provide a di�erent set of evasion costs to allow for

di�erent equilibria in the two regions.

Generalize the model in the following way:

δMi = δ0M + δ1M · Southi + δ2M · Educi + δ3M · Southi · Educi

ln(σδi) = σ0
δ + σ1

δ · Southi + σ2
δ · Educi + σ3

δ · Southi · Educi

These generalizations allow evasion costs to change linearly by education, with each

region treated independently. Table 5 provides estimates of this generalization.21 The

estimates of the non-evasion cost parameters are almost unchanged from what was reported

in section 5.1. The only change of note is that the bene�ts equation, which gives the mean

value for θi, has a a lower coe�cient on the region dummy Southeast. It moves from .25 to

.20, implying that estimated preference di�erences between regions were to a small degree

just picking up the regional heterogeneity in evasion costs. Even this change is fairly minor.

21Parameterizing evasion costs as a linear function of education by region can be problematic since neither
parameter is de�ned over the entire real line. This does not turn out to be a problem for δM , so for simplicity
a linear form is maintained. σδ is much closer to zero, so to avoid having the likelihood function encounter
nonsense negative values for a variance, the log-linear speci�cation is used.
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Table 5: Heterogeneous Evasion Cost Model Estimates
Parameter Covariate Estimate Std Err

Productivity�β
Age 0.2455831 0.009393
Age Squared -0.1039201 0.00406
Age Cubed 0.0026596 0.002866
Educ 0.064143 0.00887
Educ*Southeast 0.0227146 0.01174
Educsq 0.0064972 0.000516
Educsq*Southeast -0.0025082 0.000652

Work�θZ

Age -0.8120112 0.180393
Age Squared -3.531772 0.220349
Age Cubed 1.211229 0.086226
Educ -0.7206441 0.130509
Educ*Southeast 1.379114 0.189995
Educsq 0.04269 0.009424
Educsq*Southeast -0.0895932 0.014638
Southeast -1.594071 0.505403
Family Size -0.5261981 0.053734
Children 1.267254 0.098212
Year -2.214139 0.205993
Constant 19.48229 1.279907

Bene�ts �ζU

Post88 0.1450293 0.015678
Age 0.0245496 0.006691
Age Squared -0.0571552 0.003147
Age Cubed 0.0159351 0.002695
Educ 0.0736071 0.006625
Educ*Southeast -0.001128 0.007945
Educsq -0.0016403 0.000446
Educsq*Southeast -0.0006 0.000536
Southeast 0.2036225 0.023324
Family Size -0.0075936 0.001558
Children -0.0116555 0.002217
Year -0.2238975 0.013253
Constant 0.1218869 0.020751

Productivity Std. Dev�σε 0.7316475 0.004457
Work Std. Dev�σu 14.00143 0.696284
Bene�ts Std. Dev.�ση 0.5244 0.0075
Productivity and Work Correlation�ρ -0.2880863 0.025134
Evasion Cost�δM Educ -0.021578 0.001784

Educ*Southeast 0.0106801 0.002416
South -0.1211346 0.013897
Constant -0.2926257 0.009615

Log Evasion Std. Dev.�ln(σδ) Educ -0.2305842 0.054822
Educ*Southeast 0.0339829 0.063749
South -0.3768104 0.296099
Constant -3.333147 0.231183

Observations 99831
Log Likelihood -180843
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The heterogeneous evasion cost estimates are easier to appreciate when graphed, which

is done in Figures 6 and 7. δM varies from -.3 among the low-schooling population in the

North to a much more severe -.6 among the well educated in the North, with the e�ect

about as strong among educated Southerners. The South apparently is more uniform in its

enforcement of law across education levels, since the costs do not change so sharply as they

do in the North. These are substantial costs, especially among the highly educated.

This is reversed in the σδi parameter, which is economically relevant only among the

poorly educated. The estimated �xed cost has a mean and standard deviation that is never

more than .04, making it a fairly inconsequential part of the overall cost.

Figure 6: δM Evasion Costs by Education and Region
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These results suggest that enforcement does in fact rise with education and is more

stringent in the South than the North. Of course, most well educated workers are su�ciently

productive that the minimum wage law is not a binding constraint. So although they face

higher costs of evasion, far fewer of them need to evade the law in order to work.

5.3 Model Fit

How well does the model predict behavior out of sample? To determine this, draw a sample

of workers not used for the estimation and compare their outcome to the simulated outcome.
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Figure 7: σδ Evasion Costs by Education and Region
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This section compares the wage distributions, bene�t levels across wage levels, and a variety

of aggregate and individual measures of �t.

5.3.1 Wage distribution

Figure 8 simulates the wage distribution for each of the 17 years in the data. Several of

these years show noticeable spikes at the minimum wage and show a vacated left tail. The

vacated left tail is not a result of unemployment, it is the result of agents raising their wage

by opting out of bene�ts. For comparison, Figure 9 plots the empirical wage distributions

from the same period. The distributions share similar characteristics, so that the model is

capable of replicating the observed distribution, at least in its rough outline.

5.3.2 Bene�ts Across the Wage Distribution

Figure 10 compares wages to the percentage receiving full bene�ts, in the simulation (the

dashed line) and empirically (the solid line). The simulation stays fairly close to the empirical

reality, though it predicts too many full bene�ts holders in the far left tail of the wage

distribution. It also shows a sharper jump in bene�ts at the minimum wage, while the

empirical results are smoother.
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Figure 8: Simulated Wage Distribution
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Figure 9: Empirical Wage Distribution
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Figure 10: Empirical and Simulated Bene�t Levels
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5.3.3 Aggregate and Individual Prediction

Table 6 compares the simulation with the empirical results on several aggregate and indi-

vidual predictors. Summary statistics include percentages working, formal, and getting full

bene�ts, and several moments and quantiles of wages. The sampling error, which is tiny, is

listed below each simulated result. 22

In general, the simulated and empirical models are quite close. The participation decision

is particularly tight, while the bene�ts decision is a few percentage points o�, .58 in reality

and .61 in the simulation. The simulation does well matching the number of informal workers

at the minimum wage, although it does miss the fact that 1.9% of workers are clumped at

the minimum wage with full bene�ts. Note that the percentage at the minimum wage

actually includes a small window around M , accounting for the non-zero number of formal

minimum wage workers in the simulation. Empirically, most workers at the minimum wage

are informal, which �ts the model. The simulation does have room for improvement in

22Bootstrapping is used to compute the sampling error in the simulation. This is done by repeatedly
drawing a new vector of parameters from the sampling distribution and redoing the simulated policy change,
then computing the sampling error in the simulation using the variance across all the simulated policy e�ects.
The sample size is su�ciently large that the coe�cient vector is almost certainly normally distributed, and
so the simulation draws come from a normal distribution.
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Table 6: Empirical vs. Simulated Outcomes

Statistic Empirical Simulated

% Employed 0.779 0.776
0.002

% Formal 0.545 0.573
0.005

% At Legal Bene�ts Level 0.579 0.610
0.005

% Wage less than M 0.168 0.169
0.004

% Wage ≥M , Partial Bene�ts 0.287 0.259
0.006

% Wage = M 0.064 0.054
0.002

% Wage = M , Partial Bene�ts 0.046 0.049
0.001

% Wage = M , Full Bene�ts 0.019 0.006
0.001

Average Wage 1.771 1.717
0.023

Wage Std. Dev. 2.915 2.502
0.093

Wage Skewness 6.186 6.068
0.742

Wage Kurtosis 64.110 74.826
26.284

10th Percentile of Wages 0.315 0.261
0.006

50th Percentile of Wages 0.898 0.969
0.008

90th Percentile of Wages 3.833 3.750
0.071

10/90 Wage Ratio 12.187 14.365
0.447

10/50 Wage Ratio 2.854 3.714
0.086

% Participation Predicted Correctly 0.722 0.720
0.003 0.003

% Full Bene�ts Predicted Correctly 0.620 0.638
0.005 0.004

As in the estimation, both the simulated and empirical values for
"% Wage = M" include all those within 3 log points of the minimum
wage; see Section 4.
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matching higher moments of the wage distribution as well as the wage quantiles, but is not

far o� for any value.

The last two rows of Table 6 move from the aggregate to the individual. They record

how often the model's outcome for labor market participation or bene�ts accords with what

the agent actually chose. 72% of work decisions are simulated correctly and 62% of bene�t

decisions. Considering that one can be right guessing a coin �ip half of the time, 50% is

presumably a good lower bound for con�dence in the predictive power of any such model.

Beyond that, the expected quality of the prediction depends on the variance of unobservables.

As participation and bene�ts both have sizable unobserved components, it is not surprising

that their prediction rates are in the 60's and 70's.

The next column over from these estimates compares two simulations to determine how

often results coincide across simulations. These numbers are almost identical to the empirical

results, with participation correctly inferred 72% of the time and bene�ts decisions correct

63% of the time. Thus the model predicts the empirical results as well as it predicts a sample

of data drawn from the model. Although this can be true even if the model is false, it is

reassuring that the data and the simulation conform closely in predicting individual, and

not just aggregate, behavior.

In summary, the model �ts the data very well. Although there are points of departure,

the simulated distributions appear to to be much like the empirical distributions, the bene�ts

distribution matches in its broad outline, and one can predict empirical individual outcomes

with the same accuracy as one can predict simulated outcomes, suggesting that the proposed

model is a reasonable approximation to the observed data.

6 Simulation

What would be the economic impact of lowering the minimum wage or decreased enforce-

ment? A change in legislation or enforcement could a�ect employment, overall levels of

formality, compensation, wages, and observed wage inequality. Unfortunately, the agent's

optimization problem is su�ciently complex that the estimated parameters do not imme-

diately reveal how policy change a�ects outcome variables. Instead, policy changes can be
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simulated from the model.

The simulation method is straightforward. The model parameters are drawn from Table

5 , the generalized speci�cation that allows heterogeneity in evasion costs. The simulation

�rst draws a sample of real workers from the the PNAD survey. Using their observed

covariates the simulation assigns unobservables to the workers based on the unobservables'

distribution. This leads to an equilibrium set of work, wage and bene�t decisions. One can

then change a parameter of the model such as the minimum wage or the cost of evasion. The

changes determine a new equilibrium set of work, wage, and bene�ts decisions which are

log-di�erenced from the old equilibrium to determine changes that can be used to calculate

elasticities.

Sections 6.1 and 6.2 consider two policy changes, a decrease in the minimum wage and

a decrease in the evasion cost.

6.1 The Impact of Decreasing the Minimum Wage

As discussed in Section ??, if employment varies, the e�ect of a minimum wage change on

wages or formality is ambiguous due to the compositional shifts involved. If employment

is relatively constant, a lower minimum wage increases formality and payroll compliance;

raises wages for informal workers well below the minimum; lowers the formal sector wage, but

only among those near the minimum wage; and increases wage inequality. The magnitude

of these e�ects and how they impact an observed wage distribution can be recovered with

simulation.

The �rst column of Table 7 contains the equilibrium outcomes for the status quo policy

in 1999. The middle column shows the e�ect of a .10 log decrease in the minimum wage.23

Employment changed not at all, which is because the model estimated labor force partic-

ipation to be almost completely inelastic. Since employment does not change, one can be

guided by the theoretical comparative static results computed in Section ?? assuming stable

employment.

Formality increases by 2.6%. Some of the increase is mechanical since dropping the

23Standard errors on the estimates are su�ciently small that, should an estimate be statistically insignif-
icant, it would also be economically irrelevant, and so are excluded.
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minimum wage, even with no behavioral response, relabels some workers as formal. The

fourth row shows the degree to which the formality increase is behavioral. Lowering the

minimum wage 10% causes a 1.9% rise in the number taking full bene�ts, suggesting an

economically signi�cant complementarity across types of informality.

This also shows that the rise in formality is not merely mechanical, some of it is due to

agents choosing full bene�ts who previously were informal. These would be the agents who

cannot quite be formal under the old regime. Since they don't fully value bene�ts, they

discard some until their salary reaches the minimum wage. Under the new regime, these

workers are above the minimum wage so any decrease in bene�ts must face the full cost

of evasion. Faced with the evasion cost, the workers choose to remain at full bene�ts. In

the next row, note that average bene�ts, τ̃i, move very little, suggesting that the principal

change was from agents already close to full bene�ts, but not quite there.

The third row computes the average value of ln(∆i), which is the cost of evasion for

those who are informal. Note that the average is taken only over informal workers. The

�rst column shows that the average informal worker receives 23 log points less solely due to

their informality. Thus there is a 23% premium for being formal. This is only an average,

as individual evasion costs vary widely. Lowering the minimum wage lowers these costs by

2 log points.

The remaining columns look at two measures of income, hourly compensation and the

wage. The hourly compensation measure includes the value of bene�ts received, using

the function ψ(·) and the the agent's own preference parameter, θi . The wage measure

is straightforward. Hourly compensation averages about 3.3 across the population. Thus

the agent would be indi�erent between a wage of R$3.30 with no bene�ts and the current

wage/bene�ts mix he is receiving. On average, a change in the minimum wage does not

signi�cantly change hourly compensation�e�ects are limited to the low wage population,

so that the 10th percentile of the hourly compensation distribution rises about 7%, but the

median and 90th percentiles are una�ected. This story is exactly replayed for wages, which

on average change imperceptibly, but rise about 7% for the �rst decile, with no real change

anywhere else. The results are to be expected given the comparative statics in Section ??.

Average wage movements are ambiguous but the very low skilled see a rise in wages while
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Table 7: Simulated Policy Outcomes

Statistic Simulation M̃ − .1 δM + .1

% Employed 0.737 0.000 0.000

% Formal 0.485 0.026 -0.125

Average ln(∆i) (Evasion Cost) 0.231 -0.020 -0.061

% At Legal Bene�ts Level 0.507 0.019 -0.119

Average Log Bene�ts, τi 0.530 0.008 -0.041

Hourly Compensation 3.290 0.001 0.009

10th Percentile of Hourly Compensation 0.355 0.068 0.134

50th Percentile of Hourly Compensation 1.773 0.000 0.013

90th Percentile of Hourly Compensation 7.557 0.000 0.005

Average Wage 1.660 0.000 0.036

10th Percentile of Wages 0.285 0.067 0.119

50th Percentile of Wages 0.977 0.000 0.047

90th Percentile of Wages 3.693 0.000 0.031

10/90 Wage Ratio 12.956 -0.067 -0.088

10/50 Wage Ratio 3.427 -0.067 -0.071

Policy change columns report the log change in the value due to the policy change.
Values are for 1999.
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the very high skilled are una�ected.

It is possible that minimum wage declines, coupled with employment loss, increase ob-

served wage inequality Lee (1999). In this economy, however, employment loss is replaced by

movement into an observable informal market, and the minimum wages clearly contributes

to inequality. Thus both the 90�10 and the 50�10 ratios fall by about 7% with the drop in

the minimum wage.

The results suggest that the minimum wage law encourages agents to be informal and

that it increases the penalty to being low-skilled, which shows up both in the changing

evasion cost and the higher wages among the very low skilled.

The plentiful data allows one to recover how policy a�ects speci�c demographic groups.

Table 8 redoes the policy simulation by region and education to give a more re�ned sense

of the e�ect of the minimum wage. The status quo outcomes are in Table 9 for reference.

The minimum wage e�ects are almost nonexistent among the highest educated workers, but

sometimes the e�ects are actually stronger among the middle-education groups than among

the illiterate. These middle education ranges face a higher marginal evasion cost, δM , and

a substantial number of workers still earn near the minimum wage.

The number of workers receiving full bene�ts moves strongly with minimum wage changes.

Among Northern illiterate workers, a 10% decrease in the minimum wage increases full-

bene�t receipt by 9.1%, an elasticity of .91. This e�ect is weaker among the more educated

and in the South, but for all but the most educated workers there are measurable and of-

ten strong complementarities between minimum wage compliance and non-wage bene�ts

compliance.

Moving to compensation, in the North, the 10th percentile of illiterate workers' hourly

compensation rises 4%, but rises 7% among the secondary�school educated. This suggests

that the higher evasion costs take their toll on many educated workers. In the richer and

more compliant South, the 10th percentile of compensation rises 7.6% for the illiterate, and

drops o� with education. Higher deciles are una�ected in all markets.

For wages, the story is slightly di�erent. Here the 10th percentiles look similar, except

for a 10% drop in wages among secondary�schooled Southern workers. Since compensation

rose for all workers, it must be the case that these workers increased their bene�ts level when
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the minimum wage dropped. Thus the lower minimum wage gave them the opportunity to

be formal by choosing full bene�ts, which they did. The possibility that minimum wage

changes can cause some workers to have higher compensation but lower wages was discussed

in Section ??. It leads to an ambiguous sign for the minimum wage e�ect on average informal

wages.

This scenario is replayed at the 50th percentile of Northern illiterate workers. Although

there is no sign of compensation falling for any worker, the median wage dropped 5% with

the 10% decline in the minimum wage. Workers at the median are moving into the formal

market, with a lower wage but equivalent or higher total compensation.

The last two columns report within�group wage inequality. As expected, inequality

declines. In the Northern illiterate market the 50�10 wage gap declines a full 10%, suggesting

an elasticity of 1 to minimum wage changes. Of course, the model reveals why this is

somewhat illusory. Half the change came from workers at the median increasing their bene�ts

at the expense of wages. A more poverty-relevant elasticity is how much the minimum wage

decline increases compensation among the least productive. This compensation elasticity

ranges from 0 for the highly educated to -.76 for Illiterate workers in the South. This

suggests that minimum wage declines can result in large welfare improvements among some

very poor workers.

These minimum wage elasticities are fascinating. The theory and evidence presented,

which is consistent with past work, suggest that raising the minimum wage not only fails to

raise compensation for many workers, it actually depresses wages among low-skilled workers

by a percentage approaching the percentage of the minimum wage increase. It also moves

workers into the informal sector by encouraging abandonment of payroll taxes and other

non-wage bene�ts, once again with an elasticity approaching unity for some workers.



6 SIMULATION 49

T
ab
le
8:

C
h
an
ge
s
fr
om

a
10
%

D
ec
re
as
e
in

th
e
M
in
im
u
m

W
ag
e
b
y
R
eg
io
n
an
d
E
d
u
ca
ti
on

St
at
is
ti
c

N
or
th

So
ut
h

Il
lit
er
at
e

E
le
m
en
ta
ry

Se
co
nd
ar
y

P
os
t-
Se
co
nd

Il
lit
er
at
e

E
le
m
en
ta
ry

Se
co
nd
ar
y

P
os
t-
Se
co
nd

%
E
m
pl
oy
ed

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

%
Fo
rm

al
0.
14
2

0.
11
4

0.
05
8

0.
01
3

0.
07
1

0.
03
5

0.
02
0

0.
00
5

A
ve
ra
ge

ln
(∆

i
)
(E
va
si
on

C
os
t)

-0
.0
20

-0
.0
19

-0
.0
24

-0
.0
14

-0
.0
26

-0
.0
20

-0
.0
23

-0
.0
09

%
A
t
L
eg
al
B
en
e�
ts

L
ev
el

0.
09
1

0.
07
9

0.
03
2

0.
00
8

0.
06
6

0.
02
5

0.
01
4

0.
00
3

A
ve
ra
ge

L
og

B
en
e�
ts
,
τ i

0.
01
5

0.
01
5

0.
01
3

0.
00
3

0.
01
7

0.
00
9

0.
00
8

0.
00
1

H
ou
rl
y
C
om

pe
ns
at
io
n

0.
00
7

0.
00
5

0.
00
4

0.
00
0

0.
00
5

0.
00
2

0.
00
2

0.
00
0

10
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

0.
04
0

0.
05
3

0.
06
7

0.
00
8

0.
07
6

0.
05
4

0.
03
8

0.
00
0

50
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

0.
00
4

0.
00
8

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

90
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

A
ve
ra
ge

W
ag
e

0.
00
0

-0
.0
01

0.
00
0

0.
00
0

-0
.0
01

0.
00
0

0.
00
0

0.
00
0

10
th

P
er
ce
nt
ile

of
W
ag
es

0.
04
0

0.
05
1

0.
07
5

0.
00
0

0.
07
1

0.
07
9

-0
.0
92

0.
00
0

50
th

P
er
ce
nt
ile

of
W
ag
es

-0
.0
51

0.
00
0

-0
.0
01

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

90
th

P
er
ce
nt
ile

of
W
ag
es

0.
00
0

0.
00
0

0.
00
0

0.
00
0

0.
00
0

-0
.0
01

0.
00
0

0.
00
0

10
/9
0
W
ag
e
R
at
io

-0
.0
40

-0
.0
52

-0
.0
75

0.
00
0

-0
.0
71

-0
.0
80

0.
09
2

0.
00
0

10
/5
0
W
ag
e
R
at
io

-0
.0
91

-0
.0
52

-0
.0
76

0.
00
0

-0
.0
71

-0
.0
79

0.
09
2

0.
00
0

C
ol
um

ns
re
po
rt
th
e
lo
g
ch
an
ge

in
th
e
va
lu
e
du
e
to

th
e
po
lic
y
ch
an
ge
.



6 SIMULATION 50

T
ab
le
9:

S
im
u
la
te
d
O
u
tc
om

e
b
y
R
eg
io
n
an
d
E
d
u
ca
ti
on

St
at
is
ti
c

N
or
th

So
ut
h

Il
lit
er
at
e

E
le
m
en
ta
ry

Se
co
nd
ar
y

P
os
t-
Se
co
nd

Il
lit
er
at
e

E
le
m
en
ta
ry

Se
co
nd
ar
y

P
os
t-
Se
co
nd

%
E
m
pl
oy
ed

0.
77
8

0.
69
9

0.
63
6

0.
72
8

0.
79
8

0.
78
6

0.
73
0

0.
76
7

%
Fo
rm

al
0.
09
5

0.
19
6

0.
34
9

0.
64
2

0.
30
5

0.
50
6

0.
58
4

0.
74
5

A
ve
ra
ge

ln
(∆

i
)
(E
va
si
on

C
os
t)

0.
29
2

0.
28
1

0.
27
6

0.
15
1

0.
30
4

0.
22
0

0.
21
2

0.
12
1

%
A
t
L
eg
al
B
en
e�
ts

L
ev
el

0.
11
9

0.
22
1

0.
38
7

0.
65
6

0.
32
9

0.
53
1

0.
61
0

0.
75
3

A
ve
ra
ge

L
og

B
en
e�
ts
,
τ i

0.
25
4

0.
34
8

0.
47
6

0.
62
9

0.
44
1

0.
55
4

0.
59
1

0.
65
6

H
ou
rl
y
C
om

pe
ns
at
io
n

0.
80
2

1.
09
2

1.
69
7

5.
14
3

1.
32
1

2.
39
9

2.
89
2

7.
17
6

10
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

0.
14
1

0.
16
5

0.
24
1

0.
94
8

0.
21
2

0.
48
7

0.
56
1

1.
35
5

50
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

0.
58
1

0.
76
0

1.
17
7

3.
09
4

0.
94
1

1.
71
3

2.
05
8

4.
60
9

90
th

P
er
ce
nt
ile

of
H
ou
rl
y
C
om

pe
ns
at
io
n

1.
71
4

2.
30
2

3.
59
5

11
.0
46

2.
91
9

4.
99
0

6.
12
9

15
.4
02

A
ve
ra
ge

W
ag
e

0.
55
8

0.
70
7

0.
93
6

2.
48
0

0.
76
1

1.
22
5

1.
48
7

3.
33
8

10
th

P
er
ce
nt
ile

of
W
ag
es

0.
12
6

0.
15
0

0.
18
5

0.
50
9

0.
17
7

0.
35
1

0.
42
4

0.
71
0

50
th

P
er
ce
nt
ile

of
W
ag
es

0.
42
7

0.
51
9

0.
67
9

1.
57
5

0.
56
3

0.
91
5

1.
09
1

2.
20
6

90
th

P
er
ce
nt
ile

of
W
ag
es

1.
11
4

1.
45
0

1.
90
2

5.
12
6

1.
55
6

2.
47
0

3.
05
9

7.
10
8

10
/9
0
W
ag
e
R
at
io

8.
82
8

9.
68
1

10
.2
93

10
.0
79

8.
81
3

7.
04
9

7.
21
8

10
.0
10

10
/5
0
W
ag
e
R
at
io

3.
38
8

3.
46
4

3.
67
7

3.
09
7

3.
18
7

2.
61
0

2.
57
3

3.
10
7



6 SIMULATION 51

6.2 Decreasing the Evasion Cost

This section considers the e�ect of decreasing the enforcement of current laws. This is

parameterized as a uniform .1 decrease in the marginal evasion cost, which is done by

increasing δMi by .1 for each agent. Since δMi is always below .1, there are no corner

di�culties in this choice of simulation.

The last column of Table 7 gives simulation results. Once again, employment is unaf-

fected. Unsurprisingly, formality takes a hard hit, with a 12.5% decrease. This is largely

due to an almost 12% decline in those taking full bene�ts. The cost paid for informality

falls 6 log points, taking it from 23 down to 17. Since the policy reduces evasion costs by

about one fourth, it is unsurprising that evasion costs fell by about one fourth. Hourly

compensation was not strongly a�ected on average, but among the lowest paid, the e�ect

on wages is dramatic�a 13 log point increase. Wages show universal increases as agents

transfer more bene�ts into cash payments. So while the bottom decile increases wages by

12%, even the top decile cashes out bene�ts for a 3% rise in wages. From these deciles, one

can generate inequality ratios, which show a 9% decline in the 90�10 wage gap and a 7%

decline in the 50�10 gap. These gains are �real� in the sense that they are not artifacts of

changing forms of compensation. In fact, the hourly compensation inequality fell by slightly

more than the wage inequality.

For reference, Table 10 breaks out the policy e�ects by region and education. The

results are consistent with the national results. Formality declines steeply and so do average

evasion costs. Hourly compensation rises mosts among the 10th percentile, with some of

the gains very large. In the North, the 10th percentile sees a 20% compensation increase

for all but the most educated. In the South, the jump is comparably large for illiterate

workers, but drops o� sharply for educated workers. In cases where the 10th percentile

e�ect is strong, the median wages also rise slightly. The net results indicate a strong drop

in wage inequality. Thus a decrease in evasion costs would have strong positive e�ects on

the low-wage population, at the cost of decreasing compliance with payroll taxation and

encouraging informality.
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Drawing together the results from the two simulations, minimum wage laws drive down

informal wages, exacerbate wage inequality, and discourage payroll compliance. Among

some groups, these e�ects can be substantial. Decreasing the cost of illegality is obviously

a boon for illegal workers, it also, as expected, lowers compliance with payroll laws, thus

encouraging informality.

7 Conclusions

In summary:

• Mandated non-wage bene�ts and the minimum wage law have almost no e�ect on

employment, but do encourage informality and lower total compensation.

• Lower minimum wages encourage workers to formalize their bene�ts: a 10% decrease

in the minimum wage increases by 1.9% the number of workers paying all payroll

taxes. Among Northern illiterate workers the increase is 9%, implying strong comple-

mentarities across types of informality.

• Controlling for productivity and non-wage bene�ts, formal workers get an average 23%

wage premium.

• Although marginal evasion costs rise with education, poorly educated workers are far

less likely to be able to meet the minimum wage and bene�t standards. Thus the

average formality premium is highest among the least educated.

• Lower minimum wages and laxer enforcement of the law both increase wages among

the low skilled and decrease wage inequality, which is in contrast to results in the U.S.

that decreases in the minimum wage increase inequality.

These results come from using cross-sectional, as opposed to time-series, variation to iden-

tify labor market distortions. Although time-series variation can be an excellent tool in

many cases, when the series are short, the variation is not very informative. This approach

represents a useful alternative in cases where cross-sectional data is comparatively plentiful.



7 CONCLUSIONS 54

The minimum wage and non-wage bene�ts have important e�ects on the economy by

pushing workers into informality. Evasion of the two laws is complementary, so that the

evasion of one regulation increases evasion of the other. This e�ect is worth keeping in

mind when considering the proper level for wage and non-wage minima. Informal workers,

who make up a huge chunk of the work force, receive lower compensation then they would

were the regulations loosened to allow the workers to become formal. Thus the regulations

segment the market in a way that is harmful to the least-skilled workers.

The model presented is limited in a variety of ways that may be fruitful avenues of

future work. There is no self employment option presented, though self employment is an

important part of the Brazilian labor market and certainly an important channel for evading

labor laws. The model, as presented, estimates evasions costs as being static over time, but

both enforcement and the minimum wage level are policy tools which the federal government

may use di�erently over time. Since the estimation does not rely on time series variation in

the minimum wage, one needn't be concerned about the correlation between macroeconomic

outcomes and the minimum wage, but one may wish to estimate how enforcement varies

over time, and what determines the level of enforcement. Additionally, the model �nds very

little employment e�ects, although this may be due to the reliance on time series variation

for identi�cation. Future work could estimate the model using data on female workers,

whose price elasticity is higher and wages lower. The lack of employment e�ects simpli�es

the simulation, as the implication is that there should be no general equilibrium e�ect on

the price vector to worry about, but this may not hold for female workers.

The estimates rely upon a speci�c model of how the minimum wage a�ects the economy

coupled with assumptions about unobserved distributions of structural error terms. The

distributional assumptions could be relaxed or modi�ed to provide a better �t to the data.

It would also be worth knowing if this methodology reports similar evasion costs across

countries, and if the evasion costs can be related to observed enforcement di�erences over

time or across countries.

The model does not attempt to model the dynamic process that causes workers to move

between jobs and �rms to respond to changes in the minimum wage. It may be that there

are important lags in response to minimum wage changes. This model treats those lags as
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being shorter than one year (usually the time between the setting of the wage in May and

the survey in September). Developing a model with some element of adjustment costs could

prove fruitful.
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A Appendix

A.1 Likelihood Function

Estimation requires �nding values for the vector

[{π1
F . . . π

K
F }, β, ζZ , θU , σε, σu, ρ, ση, δM , σδ].

The theoretical model coupled with distributional assumptions about the parameters provides suf-

�cient information to generate a likelihood of observing any wage-bene�t-work combination.

Each worker has the following heterogeneous draws, none of which are directly observed: a

productivity level, t; a preference for work, ζ; a preference for bene�ts, θ; and an individual evasion

cost, δ.24 For each worker, one must determine the probability that they have a draw that places

them in their observed state (A-E) with their observed wage. Let Table 3 de�ne τ∗(t, θ, δ) and

w∗(t, θ, δ). Since bene�ts are only observed as full or less than full, de�ne b∗(t, θ, δ) = 1 if bene�ts

are full (τ∗(t, θ, δ) = B) and 0 otherwise. With these functions in hand, it is easy to specify the

work decision:

W = 1
(
ζ ≥ ln

(1 + n)
(1 + n+ ψ(w∗, τ∗))

)

based on the criteria laid out in Section 3.3.2, with 1(·) = 1 if the inequality is true and 0 otherwise.

The arguments of w∗ and τ∗ are suppressed, but they are deterministic functions of t, θ, and δ.

With this notation, states A-D correspond to the four combinations of: wages above and below the

minimum and b equal to 0 or 1, all with W = 1. State E, for nonworkers, includes all those with

W = 0.

Let f(ζ, t, θ, δ) be the joint density of the four random terms ζ, t, θ, and δ . Let fx|y(x) be the

joint density of x conditional on y. The likelihood function for any given agent requires integrating

over all the probabilities that give the observed outcome state and, for workers, their wage. This is

done by breaking up the joint density into a set of conditional densities and then evaluating each

conditional density in order. This involves �nding a restriction in the ζ space that satis�es the work

condition given t, θ, and δ. For workers, one next determines the productivity level t that yields

the observed wage and bene�t levels given θ and δ. θ and δ are in turn restricted to the space that

could give the observed wage and bene�t combination. Consider each state in turn:
24Individual subscripts are suppressed throughout this section, as are the market subscripts for

πF .
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A � Formal Workers� w ≥M , b = 1

These are the workers in Ω1. The likelihood of observing such an agent is:

∫ 0

−∞

∫ ln B

LA

∫ ∞

Lζ

fζ|t,θ,δ(ζ)dζfln t|θ,δ

(
ln

w

πF

)
fθ|δ(θ)dθfδ(δ)dδ

where

Lζ = ln
(1 + n)

(1 + n+ ψ(w∗, τ∗))
,

and

LA
θ = lnB + δM −

√
−2δ.

The likelihood function allows for any value of δ, but restricts θ to the Ω1 region. Since bene�ts

are full and no evasion costs are paid, it is straightforward to determine the productivity level as a

function of the wage. Lastly, the ζ space is integrated over the space where agents choose to work.

B � Workers Informal By Bene�ts� w ≥M , b = 0

These are workers from Ω2 , Ω4, and Ω5. Since the workers in Ω4 are clumped at the minimum wage

they will need to be treated separately. But the other two regions are inseparable. For those not

clumped at the minimum wage, the likelihood function is:

∫ 0

−∞

∫ LB
θ,1

0

∫ ∞

Lζ

fζ|t,θ,δ(ζ)dζfln t|θ,δ

(
LB

t,1

)
fθ|δ(θ)dθfδ(δ)dδ

where

LB
θ,1 = lnB + δM + max(−

√
−2δ,

lnM + δ − lnw
1 + δM

)

LB
t,1 = ln(

w

πF
)− (δ + (1 + δM ) · (lnB − (θ − δM )))

and Lζ is as de�ned above. These workers must value bene�ts less than those in state A. The limit

LB
θ,1 combines the productive workers in region Ω2 with the less productive in Ω5. Crossing from

one region to the next, the top edges of these two regions are not required to line up (see Figure 4),

thus the max function allows for all the possible θ values. The productivity level, LB
t,1 comes from

inverting the wage function (9) using the observed wage. When computing productivity, θ is treated

as a given so the optimal bene�ts level is known.
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For those at the minimum wage the likelihood is:

∫ 0

−∞

∫ LB
θ,2

0

∫ LB
t,2

LB
t,2+(1+δM )·δM

∫ ∞

Lζ

fζ|t,θ,δ(ζ)dζfln t|θ,δ (ln t) d ln t fθ|δ(θ)dθfδ(δ)dδ

where

LB
θ,2 = lnB + δM +

δ

1 + δM

LB
t,2 = ((1 + δM ) · (lnw∗ − (lnB − θ))− (lnπF + δ + δM lnM).

This group is known to come from below the minimum wage, so that there is no more max function

in the bene�ts limit. Because of the clumping, an exact productivity level can't be determined.

Instead one integrates over the range of values that would generate the observed clump. The limits

of integration come from combining the region information from Ω4 with the wage function.

C � Workers Informal By Wages� w < M , b = 1

This is the subset of workers that are in Ω3 and fully value bene�ts. This requires that θ = lnB

and the likelihood function to be:

∫ 0

LC
δ

∫ ∞

Lζ

fζ|t,θ=ln B,δ(ζ)dζfln t|θ=ln B,δ

(
LC

t

)
fδ|θ=ln B(δ)dδ · Pθ(θ = lnB) · (1 + δM )

where

LC
t = ((1 + δM ) · lnw∗)− (lnπF + δ + δM lnM),

LC
δ = (1 + δM ) · (lnw − lnM),

and Pθ(θ = lnB) is the unconditional probability that θ = lnB. The restriction on δ was not

required in previous states. Note that an agent with a wage just below the minimum cannot have

very high evasion costs and a high valuation of bene�ts, because if the agent did not pay the evasion

cost δ, they would be above the minimum wage, and their high valuation of bene�ts assures that

they would be willing to take full bene�ts. Thus they could be legal, get a higher wage, and more

bene�ts. So their current position is not possible. In e�ect, for any given θ, there is a restriction on

allowable δ's.25

25It should be obvious that this could also be written as a restriction on θ given δ. The problem
with that approach is that it interacts with the Ψ restriction to create more dead zones. This is
because of the partial observability of θ. Since δ is never observed, there are always values it can
take to satisfy the restriction.



A APPENDIX 59

D � Workers Informal By Wages and Bene�ts� w < M , b = 0

These workers are the rest of region Ω3. The likelihood function is very similar to those in state C:

∫ ln B

0

∫ 0

LD
δ

∫ ∞

Lζ

fζ|t,θ,δ(ζ)dζfln t|θ,δ

(
LD

t

)
fδ|θ(δ)dδfθ(θ)dθ · (1 + δM )

with

LD
t =

(
(1 + δM ) · (lnw∗ − ln

(
B

τ∗

))
− (lnπF + δ + δM lnM),

LD
δ = (1 + δM ) · (lnw − lnM + (lnB − θ)).

The limits LD
t and LD

δ are the same as those for state C, except that they now include a term for

the change in bene�ts. On the integration over θ, the lnB upper limit is an open set, so that lnB

is not included. Those workers at θ = lnB were dealt with above as state C.

E � Nonworkers

This likelihood function is:

∫ 0

−∞

∫ ln B

0

∫ ∞

−∞

∫ Lζ

−∞
fζ|t,θ,δ(ζ)dζfln t|θ,δ(ln t)d ln t fθ|δ(θ)dθfδ(δ)dδ.

None of the integrals in this section are analytically tractable. The Appendix discusses the

numerical algorithm used to compute them.

A.2 Identi�cation

Given the above model and a draw from the distributions of productivity, preferences and evasion

costs, one can determine the probability that a worker adopts any observed work, wage, and bene�ts

choice.

Prices and productivity covariate parameters are readily identi�ed by the formal sector agents.

The exclusion restrictions between the productivity and work equations identi�es the variance, cor-

relation, and covariate parameters on the work equation.

The bene�ts equation is more di�cult to pin down. First note that one can easily identify θU

ση

as in any standard probit model. But to identify the two parameters separately requires a shifter

to the index cuto� value that has a known magnitude. This role is played by the δM parameter

which causes agents above and below the minimum wage to have di�erent cuto�s. δi serves the same

purpose but is not observed and so isn't as useful for identi�cation. Further identi�cation comes
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from comparing wages of those who take full bene�ts and those who don't. If covariates a�ect wages

di�erently between the two regimes, this identi�es the e�ect of di�erent preferences for bene�ts

(although some of the e�ect will be through the evasion parameters). Wages that seem abnormally

high for those without bene�ts, in a way that is orthogonal to all covariates, are attributed to the

bene�ts error term, which further identi�es the variance of the bene�ts equation.

Finally, the evasion parameters each have multiple sources of identi�cation. δM a�ects the

covariates of all informal employees, it a�ects di�erential bene�t take-up rates between those above

and below the minimum wage, and it is the cause of a spike in workers at the minimum wage. σδ

is the variance of the individual component of evasion costs. It is identi�ed by wage drops among

informal workers that are orthogonal to covariates. Note that the bene�ts error term also a�ects

wages for workers who choose less than full bene�ts. So if the bene�ts equation is not well-identi�ed

by other sources, σδ and ση will be di�cult to di�erentiate. This problem is alleviated because ση

does have alternate identi�cation power, and from the fact that workers below the minimum wage

who choose full bene�ts are subject to changes due to σδ, but are una�ected by changes in the value

of ση. These workers provides a unique source of identi�cation for σδ.

As this discussion should make clear, identifying the parameters does not require time-series

variation. The work preference equation does require multiple markets as identifying variation in the

price equation, and the estimation uses time-series as one source of this variation. But identi�cation

could be achieved with any set of multiple markets, such as regional markets or markets divided by

education level. All other parameters can be recovered from the cross-section, without appealing to

any time-series element whatsoever. 26

One route researchers take in dealing with short time series is to treat each state or region as

a separate observation, creating a panel of state-years. While this can solve many problems, it has

di�culty precisely identifying covariates that only vary at the national level, such as national (as

opposed to local) labor laws, and is subject to concerns about measurement error in the price index.

Brazil's in�ation, which can run into thousands of percentage points a year, clearly causes

concerns about accurate data. If measurement error from price indices is classical, it will attenuate

employment e�ects, but will create a correlated bias when wages are regressed on the minimum
26Measurement error in the price index would not directly a�ect the original estimation of evasion

cost parameters, as these are based on log di�erences that are indi�erent to the price index used.
The participation decision would also be indi�erent to the price index if it were based on a pure
comparison between incomes. Unfortunately, some distortion may enter because consumption has a
1 added to it to avoid 0's in the utility log function. Since the 1 can't be multiplied by the price index
error, there is the possibility of distortion in the participation decision. Obviously, inconsistency in
one equation can indirectly cause inconsistent estimates in the rest of the model, but there is no
direct e�ect of measurement error on the evasion parameters.
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wage. Since both regressor and regressand are a�ected by the same error, least squares regression

will infer a positive relationship even if none exists. Thus measurement error would bias a model

that relies upon time series variation towards �nding that the minimum wage raises wages but has

no employment e�ect.

The approach here allows identi�cation by modeling how the minimum wage or bene�t level af-

fects a utility maximizing agent. Since the minimum wage will a�ect di�erent agents very di�erently,

this creates variation in the �treatment� which can be used for identi�cation, even if the level of the

minimum wage is held constant. Like the other approaches discussed, it depends on untestable as-

sumptions. But when time-series are short, and su�er from intertemporal measurement error, these

assumptions may be a welcome alternative approach.
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