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Abstract

How is the size of the informal sector affected when the distribution of social expenditures across for-
mal and informal workers changes? How is it affected when the tax rate changes along with the gener-
osity of these transfers? In our search model, taxes are levied on formal-sector workers as a proportion
of their wage. Transfers, in contrast, are lump-sum and are received by both formal and informal
workers. This implies that high-wage formal workers subsidize low-wage formal workers as well as
informal workers. We calibrate the model to Mexico and perform counterfactuals. We find that the
size of the informal sector is quite inelastic to changes in taxes and transfers. This is due to the pres-
ence of search frictions and to the cross-subsidy in our model: for low-wage formal jobs, a tax increase
is roughly offset by an increase in benefits, leaving the unemployed approximately indifferent. Our
results are consistent with the empirical evidence on the recent introduction of the “Seguro Popular”
healthcare program.
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1. Introduction

The informal sector accounts for a large share of employment in many low-
income and middle-income countries. Neither firms that operate in the informal
sector nor their workers pay taxes or social contributions.1 As a consequence,
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1Despite popular beliefs, the informal sector is included in national accounts statistics. The infor-
mal sector is measured using employment and micro-business surveys (see UN, 1993). Of course, this
measurement is subject to standard errors.
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informal workers are not enrolled in social security. A common policy reaction of
many governments has been to introduce transfer programs directed at informal
workers to alleviate their lack of protection. Several authors have argued that the
introduction of these types of social programs provides an incentive for informal-
ity and discourages formality, as higher taxes are needed to finance the programs.2

Thus, two natural questions arise: (1) How is the size of the informal sector
affected when the distribution of transfers across formal and informal workers
changes? (2) How is the size of the informal sector affected when the generosity of
transfers (i.e. the tax rate) received by both formal and informal workers changes?

To our knowledge, there is no clear reference in the literature that addresses
these questions within the context of a model. A basic model of informality often
used (see Section 3), consists of a simple extension to the framework used by
Summers (1989), where a labor supply and demand curves model, in a perfectly
competitive setup, was used to illustrate the idea that “without close links
between taxes and benefits. . . large distortions can result.” Similarly, this basic
model of informality assumes a demand curve for formal labor, a demand curve
for informal labor, a constant supply of labor, and perfectly competitive markets
with free mobility across formal and informal jobs.3 In parallel to Summer�s
model, providing valuable transfers to informal workers represents an incentive
for informality because (by definition) such transfers are not tied to taxes; simi-
larly, changes in taxation on formal workers can affect the size of the informal
sector if benefits provided by formal jobs are not fully valued (see Section 3). One
key assumption in this framework is that workers voluntarily choose to be formal
or informal, and, as a result, workers (who are assumed to be homogeneous)
remain indifferent between the two kinds of jobs.

In contrast, a traditional view maintains that jobs in the formal sector are
“better” than informal jobs because the former offer more protection and benefits
(thus, implicitly assuming that formal benefits are highly valued). In the most tra-
ditional version of this view, above market equilibrium wages force workers to
stay informal and involuntarily to queue for formal-sector jobs.4 Thus, providing
transfers to informal workers would hardly affect the incentives to be informal
(because there are none).

The most recent literature on informality and labor markets tends to focus
on models that are somewhere in between the above two views, recognizing some
role for choice and some role for chance, in accordance with the most recent
empirical evidence (see, e.g., Maloney, 2004; Perry et al., 2007). In addition, the

2For the case of the “Seguro Popular” healthcare program, which has recently been introduced in
Mexico, the seminal work is Levy (2008), and recent contributions include Duval Hern�andez and
Smith Ram�ırez (2011), Azuara and Marinescu (2013), and Bosch and Campos-V�azquez (2010).

3Recent work explicitly using this model includes Maloney (2004), Levy (2008), and Almeida and
Carneiro (2012). This model has also been used to study the extent to which payroll taxes linked to
social security benefits affect the size of the informal sector in developing countries. For example, for
the case of Chile, see Edwards and Edwards (2002), and for Colombia, see Kugler et al. (2008).

4This is the view of the dual labor markets. The seminal paper is Lewis (1954), and recent contri-
butions include Fields (1990), Chandra and Khan (1993), and Loayza (1994). See Fields (2004) for
more references. As pointed out by Albrecht et al. (2009), the recent work by Satchi and Temple
(2009), preserves the spirit of dualism in the labor markets. The authors use a search and matching
model, but informal workers search (queue) for formal-sector jobs, while formal workers are not
allowed to search for informal jobs.
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recent literature has also recognized the importance of worker�s heterogeneity to
address several questions. Models with search and matching frictions, and hetero-
geneous workers, have been used to study the effects of labor market policies
(such as unemployment insurance, severance payments, and the like) on informal-
ity (see, e.g., Fugazza and Jacques, 2004; Zenou, 2008; Albrecht et al., 2009;
Bosch and Esteban-Pretel, 2012; Meghir et al., 2012; Esteban-Pretel and Kitao,
2013). The innovation in this paper is to focus on how the distribution of both
taxes and transfers across formal and informal workers affects informality.

In this paper, we address the questions posed above by using a model that
has three main characteristics: (1) search frictions with formal and informal sec-
tors; (2) taxes and transfers that depend on the formality status of individuals;
and (3) (ex-post) heterogeneous workers.

We believe that including the first characteristic is a natural step that follows
from the above discussion. Individuals searching for a job will get an offer with
only some probability. Furthermore, an offer from the formal sector will arrive
with less probability than an offer from the informal sector. Similarly, jobs can be
lost with some probability every period, and the probability of losing a formal job
is lower than the probability of losing an informal job. Thus, our model captures
well the popular idea that formal jobs are less risky than informal jobs, but harder
to get. We emphasize that in our model, being informal is a choice (given fric-
tions) which allows us to have two-way flows: from the informal sector to the for-
mal sector (with a period of unemployment in between), and vice versa. Our
calibrated version of the model will be consistent with the view that, in general,
formal jobs are better than informal jobs,5 but search frictions prevent all workers
from having the chance to obtain a formal job offer, and thus, many end up opti-
mally accepting informal jobs because these arrive more frequently.

The second characteristic (conditional taxes and transfers) is included to cap-
ture a feature of reality of the tax and transfer system: formal workers pay taxes
and receive transfers, while informal workers receive transfers but do not pay
taxes. Thus, the tax revenue from the taxes paid only by the formal workers is dis-
tributed as social expenditures and split between two groups: formal and informal
workers.

Finally, the third characteristic (heterogeneous workers) is included to allow
for the possibility of a cross-subsidy through the tax and transfer system from
high-income workers to low-income workers. Specifically, if taxes are propor-
tional to the wage rate, and transfers are set by dividing the tax revenue equally
across the population, then individuals with low wages will receive a high transfer
relative to the taxes they pay, and the opposite will occur for high-wage earners
(they will pay high taxes and receive a small transfer).

5The view that formal jobs are “better” than informal jobs is at odds with the also widespread
view that the valuation of the benefits provided by formal jobs is low. We recall in Section 3 that
“partial valuation” of benefits is a necessary condition to obtain a positive elasticity of informality to
payroll taxes in the basic model of informality. If benefits are fully valued, the elasticity of the informal
sector to tax changes is zero in that model. The reason for this is that the basic model assumes free
mobility. We do not rely on the assumption of free mobility in our model; thus, it is not necessary to
assume that benefits are not fully valued to obtain a non-zero elasticity.
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In the model, we assume that transfers are divided equally among the mem-
bers of each group (formal or informal), and that these do not depend on wages.
As we will see, the design of this tax and transfer system leads to results that
might seam counter-intuitive at first sight. For example, when a sufficiently large
fraction of the tax revenue is given to formal workers, it might be the case that a
tax hike increases formality. The reason for this is that if the marginal worker (i.e.
the one who is indifferent between being unemployed and working) is a low-wage
earner, then, for this worker, transfers in the formal sector will increase more than
taxes, which will lead to an increase in the value of a formal job and, as a result,
to an increase of formality in equilibrium.

We calibrate this model to Mexico, a typical developing country with a siza-
ble informal sector, by matching several moments of the economy. We match
employment and unemployment; the fraction of employment and unemployment
in the formal sector; the first and second moments of the distribution of wages in
both sectors; the total social expenditures over GDP ratio; and the fraction of
social expenditures directed at formal workers. Using this calibrated model, we
perform three counterfactual exercises: (1) we change the distribution of transfers,
holding taxes constant; (2) we change taxes, holding the distribution of transfers
constant; and (3) we change both taxes and the distribution of transfers, simulta-
neously, to replicate the facts associated with the recent introduction of “Seguro
Popular” (or “SP”). Specifically, we simulate an increase in the generosity of the
transfer system along with a redistribution toward informal workers consistent
with the data from the SP program. We think of this last exercise as a way to vali-
date the quantitative performance of our model.

Our results are fourfold. First, we find that the distribution of social expendi-
tures across the two groups (formal and informal) is an important determinant of
informality and that it influences its size in both directions: more transfers to
informal workers increase informality, but also, more transfers to formal workers
increase formality. The reason for this is that the distribution of transfers affects
the relative value of formal and informal jobs. The mechanics in the model that
produce these changes are as follows. When transfers directed at formal individu-
als increase, formal jobs become more valuable. Since unemployment reflects the
discounted future value of working, the value of formal unemployment also
increases, but the value of formal jobs increases more than the value of formal
unemployment. This occurs because the value of unemployment takes into
account not only the possibility of getting a formal job in the future, but also the
possibility of ending up in an informal job with lower transfers (see Figure 5).
This pushes down the reservation wage for a formal job, and more formal offers
are accepted. On the other hand, the value of informal jobs and the value of infor-
mal unemployment both decrease (because transfers are lower), but the value of a
job decreases more than the value of unemployment for similar reasons. This, in
turn, pushes up the reservation wage, and fewer informal jobs are accepted.

Second, we find that the informal sector is quite inelastic to small changes in
the distribution of social expenditures. Increasing the fraction of transfers to for-
mal workers by 1 percent (holding taxes constant) decreases the size of the infor-
mal sector only by 0.24 percent. The main reason for this is the presence of
frictions which act as a deterrent for mobility across sectors.
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Third, regarding the second question of this paper, we find that the informal
sector decreases when taxes increase, which is in clear contrast to the common
belief that more taxes automatically imply more informality. The magnitude of the
effect is very small, nonetheless. The reason for this relies on the opposing forces
affecting the marginal worker�s choices. On the one hand, taxes increase, which
lowers the value of formal jobs; but, on the other, transfers increase, which increases
their value. These two effects tend to offset each other for the current distribution
of transfers across the formal and informal sectors. Of course, the elasticity is
greatly influenced by the way in which transfers are distributed. In fact, when all
transfers are given to informal workers, the elasticity has the opposite sign, and the
range of variation in informality for comparable tax changes is much greater.

Finally, and consistent with the three previous results, our model predicts a
small increase in informality in response to the introduction of SP, which is in line
with the evidence found using micro-econometric techniques (see footnote 2). We
believe that this last result is a way to validate the quantitative performance of
our model. If we had found that our model gives implausible numbers for the SP
counterfactual exercise, we would have reasons to be worried about how suitable
the model is to address the questions posed in this paper.

Our paper is related to the literature on the effects of social programs on
informality (e.g. Levy, 2008; Bosch and Campos-V�azquez, 2010; Duval Hern�an-
dez and Smith Ram�ırez, 2011; Azuara and Marinescu, 2013) It improves on the
existing basic model of informality by emphasizing the importance of frictions and
worker�s heterogeneity, both of which affect the incentives faced by the marginal
worker. The basic model gives support to many popular ideas regarding informal-
ity, such as that increasing taxes automatically reduces the formal sector, or that
there exists partial valuation of formal benefits. These popular beliefs lose sup-
port in a more realistic model such as the one used here.

Despite our application to Mexico, we believe that our results are relevant
for other countries with similar characteristics to Mexico, such as Brazil, Per�u,
Colombia, and many other Latin American and developing countries in general.
For example, in Almeida and Carneiro (2012), the authors empirically analyze a
change in policy in Brazil that increased the benefits of formal jobs, showing that
this led to a decrease in informality. Our theoretical analysis is consistent with
this type of response of informality.

The rest of the paper is organized as follows. In Section 2 we present relevant
facts on Mexico�s labor markets and social expenditures, and those regarding the
introduction of Seguro Popular. In Section 3, we present the basic model of infor-
mality to build intuition on our later results. In Sections 4 and 5, we present our
baseline model, which includes search frictions and ex-post worker�s heterogene-
ity, and discuss its equilibrium properties. In Section 6 we calibrate the model to
the Mexican data and in Section 7 we present the results. Section 9 concludes.

2. Relevant Facts

In this section, we present relevant facts on Mexican labor markets and
social expenditures. We would like to address three main issues. The first is that
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there are important flows between formality and informality, and vice versa. This
means that unemployed individuals who used to have an informal job often
choose to go into the formal sector; similarly, unemployed individuals who previ-
ously had a formal job often choose an informal job. The second issue concerns
social policy in Mexico. Social programs are directed at special groups in the pop-
ulation and we distinguish between formal and informal workers; however, trans-
fers are distributed equally among the members of a group. Taxes on the other
hand, are proportional to the income of the individuals. The third issue is regard-
ing the recent introduction of Seguro Popular, a social program directed at infor-
mal workers: this signified a change in the size and the distribution of transfers
across formal and informal groups.

2.1. Data on Workers� Flows

To obtain workers� flows, we use a household survey that specializes in labor
market issues: Encuesta Nacional de Ocupaci�on y Empleo (ENOE). We use data
from the first quarter of 2012 to the third quarter of 2013, and obtain simple aver-
ages. We chose this period because we wanted to focus on a period after the
Seguro Popular program was fully introduced (see below). We define a formal
worker as one who is enrolled in the traditional Mexican Social Security system
(IMSS) and an informal worker as one who does not have access to IMSS. Under
Mexican law, employers are legally obliged to enroll their employees in IMSS, but
self-employed workers are not obliged to enroll themselves. Furthermore, we
believe that the decision to become self-employed, although influenced by social
programs, greatly depends on other factors, such as the managerial ability of indi-
viduals. For these reasons, we will focus on employees only, and abstract from
self-employed workers. Given the presence of alternative social programs for
those not covered by IMSS, the formality status of employees is directly linked to
the type of social programs to which they have access.

We are interested in four labor market states: formal employment, informal
employment, unemployment of individuals who used to have a formal job, and
unemployment of individuals who used to have an informal job. Henceforth, we
will refer to those unemployed individuals who were formal in the previous job as
“formal unemployed.” We will use the term “informal unemployed” in an analo-
gous way. Table 1 presents the time average of quarter-to-quarter transition prob-
abilities across these four states for the 2012–13 period.6

There are several facts worth mentioning in Table 1. First, there is high per-
sistence in the employment states; second, the probability of directly switching
from a formal job to an informal one or vice versa is around 10 percent for both
kinds of workers. Third, note, however, that the probability of becoming unem-
ployed for an informal worker is almost twice as high as the probability of becom-
ing unemployed for a formal worker (0.045 vs. 0.023). This reflects the fact that
the informal sector is more “dynamic” and jobs can be destroyed more easily
than in the formal sector. Fourth, the formal unemployed and informal

6To construct this transition matrix, it was necessary to track down the previous employment of
all unemployed individuals in t. We do this to be able to record the formality status of the previous
job, and to take advantage of the rotating panels in ENOE.
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unemployed display radically different transition probabilities. For an informal
unemployed person, the probability of going back to an informal job is six times
bigger than the corresponding probability of getting a formal job (0.665 vs.
0.130). In contrast, for a formal unemployed person, the probability of moving to
a formal job is higher than the probability of moving to an informal job. Another
interesting feature is the fact that the probability of remaining unemployed when
formal is higher than the corresponding probability when the individual is an
informal unemployed person (0.273 vs. 0.205).

This evidence suggests that there is something fundamentally different
between the two kinds of unemployment. If the differences were minimal, a model
that abstracted from such a distinction would suffice. In this paper, we offer a
very simple explanation behind these differences: on the one hand, formal jobs
are harder to get, because they arrive with a low probability; and on the other,
transfers while unemployed are contingent on the unemployed individual�s previ-
ous work. Since the transfers that accrue to formal unemployed individuals are
bigger than the transfers that accrue to informal ones, formal individuals stay lon-
ger in unemployment, and are willing to wait until a formal offer arrives. As a
result, formal unemployed individuals accept more formal-sector offers than
informal unemployed people.

We obtain the steady state stocks of the four states above implied by this
transition matrix, and compare them to the simple time averages in the raw data
in Table 2.7 We note that in the data, the unemployment rate is higher than in the
implied stocks. The reason for this is that we are abstracting from self-
employment, and thus the denominator used to calculate unemployment in the
data is small. Next, we argue that transfers differ according to formality status.

2.2. Social Expenditures

Mexico has two competing transfer systems: social security and social pro-
tection programs. Social security transfers are those provided by IMSS, and,
therefore, received only by formal workers. These transfers (mostly in kind) con-
sist of healthcare services, retirement pensions, disability insurance, housing

TABLE 1

The Labor Market Transition Matrix

eF ;t11 eI ;t11 uF ;t11 uI ;t11

eF ;t 0.865 0.112 0.023 0.000
eI ;t 0.100 0.855 0.000 0.045
uF ;t 0.456 0.271 0.273 0.000
uI ;t 0.130 0.665 0.000 0.205

Notes: The table shows the transition matrix between two consecutive quarters. We define four
states: formal employment (eF), informal employment (eI), formal unemployment (uF), and informal
unemployment (uI). The starting states are shown in the rows, while the ending states are in the col-
umns. The content of a cell (x, y) indicates the fraction of individuals who started in state x, and
ended next quarter in state y.

7To obtain the steady state stocks, we rise this matrix to the power of 1,000.
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loans, work risk insurance, day care services, sports and cultural facilities, and life
insurance, among others.

Informal workers, on the other hand, are beneficiaries of an alternative
transfer system made up of several unlinked social programs that include cash
and in-kind transfers. Among the most important programs of this type is Seguro
Popular, which was introduced in 2004 and provides free healthcare for individu-
als without access to social security. In Section 6, we provide a quantitative assess-
ment of the introduction of Seguro Popular on the size of the informal sector.
Another example of a sizable social program is Progresa-Oportunidades, which
was introduced in the 1990s, and provides cash transfers for poor families.

One important feature of social programs of this kind is that they provide
transfers (either in kind or in cash) that can be thought of as increasing the
amount of goods consumed by the individuals. To the extent to which these trans-
fers provide perfect substitutes for goods and services that consumers value, this
assumption is correct.

To obtain the size of transfers, there are easily available data at the aggregate
level on the Social Expenditure Database of the OECD (SOCX.) This database
reports that total social expenditure was 7.7 percent of GDP in 2011 and 7.4 per-
cent in 2012 (which gives an average of 7.5 percent during these two years). This
includes cash and in-kind benefits from both transfer systems detailed above.8

However, the SOCX database does not consider the distribution of transfers
between formal and informal workers. To our knowledge, there is no database
that includes the distribution of all social programs across formality status. One
available assessment can be found in the influential book of Levy (2008), who esti-
mated that an informal worker gets 5,670 MXP out of 24,519 MXP, that is, 23
percent of total social transfers. However, the data used for this figure correspond
to a period before Seguro Popular was fully introduced, and therefore they are
likely to underestimate the current split of social transfers. There is also data from
the Ministry of Health regarding expenditures on health services, including IMSS
and SP, across “covered” (by social security) and “uncovered” workers. According

TABLE 2

Labor Market Stocks

Data Implied Raw Data

By Transition Matrix (2012–13) Average (2012–13)

eF 0.451 0.452
eI 0.507 0.480
uF=u 0.33 (0.014) .320
uI=u 0.66 (0.028) .680
u 0.042 0.067

Notes: The table shows the value of labor market aggregates implied by the transition matrix in
Table 1, compared to actual data on the same variables.

8The OECD Social Expenditure Database classifies expenditures according to the purpose of the
social program in which they originate. There are nine main areas: old age, survivors, incapacity-
related benefits, health, family, active labor market policies, unemployment, housing, and other social
policy areas. Education is not included.
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to this data, in 2011, 45 percent of all government health spending was directed at
informal workers.

To assess the fraction of social expenditures in programs directed at formal
workers, we use the detailed SOCX database, in which the title and transfer
amount of each program is recorded. We classify each program according to the
government institution that provides it. Those provided by the Secretar�ıa de
Desarrollo Social (the Social Development Ministry) are classified as programs
directed towards informal workers, while those that are provided by IMSS,
ISSSTE, or PEMEX are classified as programs directed towards formal workers.
Regarding health spending, we use data from Secretar�ıa de Salud (the Health
Ministry) to obtain the fraction spent in programs directed at informal workers.
Using this methodology, we conclude that 62 percent of social spending is distrib-
uted to programs directed at formal workers, and the rest to informal workers.

2.3. Social Programs and Cross-Subsidies

The concept of “partial valuation” of benefits is grounded in the idea that
government-supplied goods and services are of a lower quality than the same
goods and services provided by the market. There are certainly efficiency losses
associated with government production. However, we argue that even if this is the
case, given the way in which social policy is generally organized, many workers
may end up receiving larger benefits than the taxes they pay. The reason is the
existence of a cross-subsidy from high-income to low-income workers, which is
made possible due to the nature of the tax and transfer systems.

Take, for example, the case of IMSS in Mexico. IMSS is an institute that pro-
vides healthcare (among other goods and services) to affiliated workers and their
families, and its operation is financed through a payroll tax. Thus, low-wage earn-
ers pay lower taxes than high-wage earners. However, every affiliated individual
has the right to receive the same healthcare services, with no exceptions. The
amounts in which healthcare services in IMSS are provided to individuals are not
based on the amount of contributions (taxes) the worker has paid; instead, serv-
ices are provided on a daily basis for everyone who is affiliated, subject to
demand. Every year, there is a budget allocated to the operation of IMSS health-
care services.

Based on these facts, we believe that a reasonably good way to model social
policy is to use transfers that are rebated to workers on a per capita basis. Of
course, we do recognize that some social programs are directed towards special
groups in the population; this is precisely the reason why we use a model in which
some transfers are received by informal workers and other transfers are received
by formal workers. However, given that, we still have to take a stand on the way
in which transfers are distributed within these special groups. We distribute trans-
fers within groups on a per capita basis, independent of the individual�s wage, to
reflect the idea that the goods and services received through the transfer system
are the same for each member of a group. Under this arrangement, note that—
since taxes do depend on wages—it is possible to have individuals within groups
who receive a transfer that is larger than, equal to, or smaller than the taxes paid.
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2.4. The Case of Seguro Popular

Seguro Popular is a program designed to provide health services to those
members of the population not covered by the traditional social security system.
The program was gradually introduced in Mexico, starting in 2004 and reaching
its potential in 2012. This has signified an important increase in the transfers
devoted to informal workers. Figure 1 shows the evolution of affiliation to the
system. In particular, the figure shows the cumulative number of persons regis-
tered each year as a fraction of the total number of persons registered in 2012 (the
potential). As is clear from the figure, at the beginning of 2009 more than 50 per-
cent of potential affiliation had already taken place, and by the end of 2010, 82
percent were enrolled.

As a result of the introduction of Seguro Popular, government health spend-
ing has increased from 2.6 percent of GDP to 3.1 percent in the period. But, more
importantly, the composition of expenditures across the formal and informal sec-
tors has changed (see Figure 2). Government spending on health programs
devoted to informal workers has increased from 32 percent of total spending in
2004 to 45 percent in 2011.

Is there any evidence in the aggregate data that this change in the size and
distribution of taxes and transfers has induced changes in informality? To answer
this question, we look at time series data of the size of informality and the cyclical
component of GDP.9 We include the cyclical component of GDP to emphasize
the countercyclical nature of informality. The series are presented in Figure 3.
Note that informality increases in 2009 and stays high until 2012, when it starts
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Figure 1. Affiliation to Seguro Popular [Colour figure can be viewed at wileyonlinelibrary.com]

Source: Sistema de Protecci�on Social en Salud. Informe de Resultados 2012.
Notes: The figure shows the evolution of affiliation to the Seguro Popular program. Relative

affiliation is presented as a fraction of potential affiliation. Potential affiliation is defined as the
number of people enrolled in the program in 2012.

9The definition of informality here is the same one used in Section 2.1: formal workers are those
enrolled in IMSS. We use an HP filter to de-trend the series.

Review of Income and Wealth, Series 00, Number 00, Month 2017

VC 2017 International Association for Research in Income and Wealth

10



0.47

0.48

0.49

0.50

0.51

0.52

0.53

0.54

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

2000q2

2001q2

2002q2

2003q2

2004q2

2005q2

2006q2

2007q2

2008q2

2009q2

2010q2

2011q2

2012q2

2013q2

GDP gap Informal share  (right axis) Informal share trend (right axis)

Figure 3. The Evolution of Informality among Employees

Source: Own calculation using ENE, ENOE, and National Accounts.
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2013. Informality is clearly countercyclical. There is no clear change in the evolution of informality
between 2004 and 2012 when Seguro Popular was introduced.
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Figure 2. The Informal/Formal Government Health Expenditure Ratio [Colour figure can be
viewed at wileyonlinelibrary.com]

Source: Ministry of Health.
Notes: The figure shows the evolution of the ratio of public health expenditures on informal

workers relative to that on formal workers.
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going down again. The increase in informality that starts in 2009 can be attrib-
uted, in great part, to the severe contraction experienced by the Mexican economy
in that year. So we believe that the evidence for changes in informality due to the
design of social programs is not strong. In Section 7, we perform a counterfactual
exercise using the model described in Section 4 and show that our model predicts
a small increase on informality due to the introduction of Seguro Popular. This is
consistent with the evidence found elsewhere (see footnote 2).

3. A Basic Model of Informality with Homogeneous Workers

In this section, we would like to review the standard results of two-sector
models with homogeneous workers and no labor market frictions (i.e. no unem-
ployment). This will be useful later to compare these results against those from
our framework with heterogeneous workers and frictions. These models typically
assume an exogenously given supply of labor, and a demand curve for each type
of worker, formal and informal (e.g. Fields, 1990, 2004; Maloney, 2004; Levy,
2008). One can think of two representative firms, one formal and one informal,
which lead to these demands through profit maximization. No endogenous entry
by firms is allowed.

On the worker�s side, it is assumed that there is a continuum of identical
workers with mass 1, and each worker can freely choose to work either as a formal
or as an informal worker. If formal, the worker receives the wage wF, if informal,
the worker obtains the wage wI. We will consider the inclusion of taxes and trans-
fers in a second stage. Market clearing works in the following way: labor demand
equals labor supply for each type of worker and, in addition, the sum of formal
workers plus informal workers has to be equal to 1 (the total mass of workers).

Due to free mobility, in this economy wages must equalize:

wF 5wI ;

and given the absence of taxes or transfers, this also implies that the marginal
cost of a formal worker is equal to the marginal cost of an informal worker. Fig-
ure 4 depicts the equilibrium for this simple economy. As shown in Figure 4, firms
demand labor until the marginal benefit of an extra worker is equal to its mar-
ginal costs. The total amount of formal labor demanded is given by the intersec-
tion of curve DF and marginal cost wF. This is measured on the x-axis from left to
right by the distance OF. Similarly, the quantity demanded of informal labor is
given by the intersection of DI and wI, and is measured on the x-axis from right
to left by the distance PF. Note that the sum of formal workers and informal
workers is equal to the distance OP, which measures the total amount of labor
available in the economy. Thus, in these models, the size of the informal sector is
“positive” even in the absence of taxes and transfers. For later reference, we will
refer to this equilibrium as the “undistorted” equilibrium.

Now consider an economy with taxes. In particular, assume that the formal
workers have to pay a fixed rate s > 0 of their income. In this case, due to free
mobility, it is the case that
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ð12sÞwF 5wI :(3.1)

What must be equalized is net earnings in order to eliminate arbitrage opportuni-
ties. However, from the perspective of the firms, marginal costs are still given by

wF : MC formal worker;

wI : MC informal worker:
(3.2)

Thus, a labor tax introduces a wedge between the marginal cost of formal labor
and the marginal cost of informal labor; in particular, wF>wI. This wedge affects
the equilibrium by increasing the share of informal labor, as depicted in Figure 4
by the variables with a prime. As shown in Figure 4, the intersection of DF and w0F
is at point B, which implies a smaller formal sector measured by OF 0 and a larger
informal sector PF 0.

Finally, consider an economy with taxes and transfers. Assume that s > 0 as
before and that, additionally, formal workers get a lump-sum transfer T> 0.
Again, due to free mobility, net earnings equalize to eliminate arbitrage opportu-
nities, and it must be the case that

ð12sÞwF 1T5wI

() wF 2swF 1T5wI :
(3.3)

Figure 4. Equilibrium in a Two-Sector Model with Homogeneous Workers

Source: Author�s elaboration.
Notes: The graph summarizes the equilibrium in the “basic model of informality” with free

mobility. Point A shows the equilibrium without taxes and transfers. In this case, the size of the for-
mal sector is given by OF, while the size of the informal sector is given by PF. Point B is the equi-
librium when a tax on formal workers is present; in this case, the formal sector shrinks. Finally,
point C shows the equilibrium when the transfers to formal workers T are bigger than the taxes
they pay T > swF ; in this case, the formal sector increases.
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Now, to understand the implications of the interaction of these two policies on
the marginal costs faced by firms, let us consider the next three general cases:

a. T5swF ;
b. T < swF ; and
c. T > swF .

Case (a) corresponds to a situation in which the workers get back all that they
paid in taxes. In this case, marginal costs of formal and informal workers equalize:
wF 2swF 1T5wI () wF 5wI : The first equality follows from the free mobility
condition, while the second one follows from the equation in (a) above. Therefore,
when the formal workers are given back their taxes, the equilibrium is the same as
in the undistorted case.

Case (b), T < swF , corresponds to the situation in which the workers do not
get back the total proceeds of their taxes. In this case, a wedge is present between
the marginal cost of formal workers and that of informal workers; in particular,
wF>wI. The equilibrium for this case is similar to the case when we only had a
tax and no transfer, and the informal sector increases. In fact, T 5 0 can be seen
as an extreme example of case (b).

The opposite happens in case (c), T > swF , where the workers get more than
they paid in taxes. A wedge between the marginal cost of a formal worker and an
informal one is introduced again, but in this case wF<wI and, as a consequence,
the formal sector increases. This situation is depicted in Figure 4 by the variables
labeled with two primes. The marginal cost of a formal worker now intersects
with DF at point C on the graph. This implies that the formal sector is given by
the distance OF 00.

Given our assumption of homogeneous workers, cases (b) and (c) correspond
to situations in which the government�s budget is not balanced. However, when
there are heterogeneous workers, cross-subsidies between high-income and low-
income workers allow for the possibility of having all three cases above simultane-
ously, while also having a balanced budget, in equilibrium. In our model below,
we will have workers who receive more than they paid in taxes, workers who
receive less than they paid in taxes, and workers who receive the same as they
paid. We will argue that the marginal workers, that is, those workers who are
indifferent between being formal or informal, receive more in transfers than they
pay in taxes (case (c) above; T > swF ). Consequently, a more generous system
(that increases taxes along with transfers, keeping a balanced budget) will increase
transfers proportionally more than taxes for these marginal workers, which will
result in an increase of the formal sector.

4. Model with Frictions and (Ex-Post) Heterogeneous Workers

To study the effects of the structure of taxes and transfers in Mexico, we
build a search model that features a formal sector, an informal sector, and unem-
ployment. The economy is populated with a continuum of risk-neutral workers
who discount consumption streams at a rate b. Workers are ex-ante identical, but
face random draws from two different, and independent, distributions of wage
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offers. GF is the distribution of wage offers in the formal sector and GI is the dis-
tribution of wage offers in the informal sector. The individual state variables are
employment status (formal, informal), unemployment status (formal, informal),
and current wage (wF or wI).

10 We refer to unemployed individuals who previously
had a formal job as “formal unemployed,” and we use the term “informal
unemployed” in an analogous way. Employed workers face an exogenous sector-
specific separation probability, ki, where i 2 fF ; Ig. Note that, since we do not
allow for on-the-job search in the model, observed transitions in any direction
between formal and informal employment include a period of unemployment.

The structure of taxes and transfers in the model is as follow. Workers
employed in the formal sector pay a proportional tax on wages, swF , whereas
those employed in the informal sector do not pay taxes. The tax revenue is the
sum of all taxes paid by formal workers. A fraction h of the tax proceeds is trans-
ferred to formal workers and the remaining fraction, ð12hÞ, is transferred to
informal workers. These transfers are on a per capita basis: a formal worker
receives TF, while an informal worker receives TI. We think of these per capita
transfers as the value of all cash and in-kind benefits accruing to workers. These
might include health services, retirement benefits, unemployment insurance, and
other social security and social protection benefits.

Every period, unemployed workers get a draw from both the formal and
informal sector wage distributions with independent probabilities qi, where
i 2 fF ; Ig. They must choose whether they remain unemployed or accept any of
the offers on hand. Note that we assume that the transfers while unemployed are
the same as the transfers while employed. Since TF>TI (see Section 6), this
implies that formal unemployed individuals get a higher transfer than informal
unemployed ones. For the informal sector, we think of these transfers as the
healthcare services of Seguro Popular, and other social protection programs that
do not stop if an individual loses his or her job. Regarding formal unemployed,
individuals can enjoy IMSS healthcare services for two months after they lose
their job, although, during severe recessions, this period has been extended to
four months. Since, in our data, only 27 percent of formal unemployed individuals
remain as such in the next quarter, we believe that this benefit is meaningful.
Additionally, formal unemployed individuals have access to severance pay, and to
part of their retirement funds. To keep the model as simple as possible, we do not
intend to capture all these details of the Mexican labor laws. Instead, we believe
that all these regulations imply that, in general, the formal unemployed individu-
als are in a much better financial position than the informal unemployed ones,
which is captured well by our model. Moreover, having TF>TI while unemployed
helps to obtain calibrated values of frictions that are consistent with the popular
view that formal jobs are less risky, but harder to get (see Section 6).

Next, we write down Bellman equations that characterize the decisions of
workers and lay out an equilibrium definition. For that, we need to characterize
the steady state equilibrium levels of employment in the formal and informal sec-
tors, unemployment, and the steady state distributions of accepted wage offers in
both sectors.

10We abstract from sub-index t, since we will be focusing on the steady state.
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4.1. Value Functions

The decision problem of an individual is characterized by four Bellman equa-
tions: the value of being employed in the formal sector with a wage wF ; VF ðwF Þ;
the value of being employed in the informal sector with a wage wI, VI ðwI Þ, and
the values of being formal or informal unemployed, UF and UI.

The value of being employed in the formal sector is given by

VF ðwF Þ5TF 1ð12sÞwF 1b kF UF 1 12kFð ÞVF ðwF Þ½ �:(4.1)

This function says that the value of being a formal worker is given by today�s
income plus the value of the future discounted by b. Current income has two sour-
ces: the transfers TF and the wage net of taxes ð12sÞwF. The value of the future
must take into account the possibility of losing the job, which occurs with proba-
bility kF, or of keeping it, with probability 12kF :

The value of being employed in the informal sector is analogous to the previ-
ous one:

VI ðwI Þ5TI 1wI 1b½kI UI 1ð12kI ÞVI ðwI Þ�:(4.2)

In this case, the transfers are different (TI) and no taxes are paid. Also, if the
informal worker loses his or her job, the value of unemployment is different than
if a formal worker loses his or her job (UI 6¼ UF ).

Thus, the value of being unemployed after having a formal job is as follows:

UF 5TF 1b½qF qI Emax VF ðw0F Þ;VI ðw0IÞ;UF
� �

1qF ð12qI ÞEmax fVF ðw0F Þ;UFg . . .

1qI ð12qF ÞEmax fVIðw0I Þ;UFg1ð12qF Þð12qIÞUF �:
(4.3)

Note that the value of the future for the formal unemployed must take into
account the possibility of ending up with an informal job in the next period.

Finally, the value of being unemployed after having an informal job is given
by the following:

UI 5TI 1b½qF qI Emax VF ðw0F Þ;VI ðw0IÞ;UI
� �

1qF ð12qI ÞEmax fVF ðw0F Þ;UIg . . .

1qI ð12qF ÞEmax fVI ðw0I Þ;UIg1ð12qF Þð12qIÞUI �:
(4.4)

Note that the transfers differ depending on whether the previous job was formal
or informal (i.e. TF 6¼ TI ). Note also that the informal unemployed must also
take into account the possibility of switching sector.

The value functions define reservation wages in equilibrium. These will be
critical in determining equilibrium flows among both types of employment and
both types of unemployment. Note that we will have four different reservation
wages: a reservation wage of an formal unemployed worker facing an offer from
the formal sector (wR

FF ); a reservation wage of an formal unemployed worker fac-
ing an offer from the informal sector (wR

FI ); a reservation wage of an informal
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unemployed worker facing an offer from the formal sector (wR
IF ,); and a reserva-

tion wage of an informal unemployed worker facing an offer from the informal
sector (wR

II ). To define these reservation wages, we use Equations (4.1)–(4.4),
which yields the following:

VF wR
FF

� �
5UF ;(4.5)

VI wR
II

� �
5UI ;(4.6)

VF wR
IF

� �
5UI ;(4.7)

VI wR
FI

� �
5UF :(4.8)

4.2. Steady State Employment, Unemployment, and Wage Distributions

With the reservation wages, we are able to define the steady state levels of
employment and unemployment and the stationary wage distributions in the for-
mal and informal sectors. Let eF

t be the employment in the formal sector at date t.
Similarly, we can define eI

t , uF
t , and uI

t . The evolution of these variables is driven
by reservation wages, distributions of wage offers, and separation and wage draw-
ing probabilities.

The evolution of these aggregate variables is defined in the Appendix (in the
Online Supporting Information). We define the evolution of formal employment
here for illustrative purposes:

eF ;t115ð12kF ÞeF ;t1qF ð12qI Þ Prob VF > UFð ÞuF ;t1Prob VF > UIð ÞuI ;t
� �

1qF qI ½Prob VF > UFð ÞProb VI > UFð ÞProb VF > VIð ÞuF ;t

1Prob VF > UIð ÞProb VI > UIð ÞProb VF > VIð ÞuI ;t

1ProbðVF > UF ÞProbðVI < UF ÞuF ;t1Prob VF > UIð ÞProb VI < UIð ÞuI ;t�:

The first component is the mass of workers who did not lose their formal employ-
ment. The second component consists of those workers who receive an offer from
the formal sector, do not receive an offer from the informal sector, and accept the
offer. Finally, we have unemployed workers who get offers from both sectors, but
the formal-sector offer dominates. The full system of equations can be found in
the Appendix (in the Online Supporting Information). This system defines a
steady state for the employment and unemployment distributions. Key to defining
the steady state equilibrium employment and unemployment levels by sector are
the probabilities at which the different offers can be compared. In the calibration,
we will assume log-normality of the distributions from where workers draw offers,
which will facilitate the computation of these probabilities. More details can be
found in the Appendix.

The equilibrium distribution of accepted wage offers can be computed from
the primitive distribution of wage offers and individual behavior. We let CF ;t and
CI ;t be the equilibrium distributions of accepted wage offers in each sector. We
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have derived analytic expressions for these objects in the Appendix (in the Online
Supporting Information). It must be emphasized that these objects heavily depend
on the exogenous distributions of wages from where agents make draws. We refer
the readers to Section 8, where we discuss general equilibrium effects.

4.3. The Tax and Transfers System

The transfer system is defined in the steady state equilibrium. First, the total
resources collected by the government are given by

X5s
ð

wF dCF ðwF Þ:

hX is transferred to formal workers and the rest to informal workers. In turn, per
capita transfers are defined as

TF 5hX=ðeF 1uF Þ5hX
. ð

dCF ðwF Þ1uF

� 	
;

TI 5ð12hÞX=ðeI 1uI Þ5ð12hÞX
. ð

dCiðwiÞ1uI

� 	
:

5. Equilibrium Characterization

The goal in this section is to describe the characteristics of the equilibrium
that are important for our main results. We are particularly interested in the way
in which workers react to changes in taxes and transfers. For didactic purposes,
we will start with an analysis of what happens when the distribution of transfers
changes; then, we will consider the effects of an increase in taxes.

The purpose of this section is to build intuition for our main exercises, pre-
sented in Section 7. In Alonso-Ortiz and Leal (2016), we present a wider explana-
tion of the conditions under which taxes and transfers affect reservation wages,
and provide analytic solutions of reservation wages in the context of a simple
model of informality.

5.1. A Shift of Transfers Towards Formal Individuals Increases the Formal Sector

Consider the effects on the decisions of marginal workers when faced with
changes in the distribution of transfers, h. Consider an increase in h from h0 to h1,
and focus on a formal unemployed individual. The problem faced by this individ-
ual can be summarized in Figure 5. When h5h0, the reservation wage equals wR0

FF ;
in contrast, when theta increases to h1, the reservation wage falls to wR1

FF . The rea-
son behind this drop in the reservation wage is that as transfers increase, the value
of both formal jobs and formal unemployment increase, but the former increases
more than the latter. The value of formal jobs increases because these now receive
more transfers (and taxes remain constant); similarly, the value of formal unem-
ployment increases because it takes into account the discounted future value of
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formal jobs. However, the value of formal unemployment is additionally affected
by a negative force because it has to weigh the possibility of ending up with an
informal job in the future (see Equation (4.3)). Since informal jobs now receive
less in the way of transfers, these are less valuable, and this tends to reduce the
value of formal unemployment.

Figure 6 shows what happens to the reservation wage of an informal unem-
ployed individual when h increases. In this case, the reservation wage increases,
because the value of an informal job is reduced more than proportionally with
respect to the value of informal unemployment. The reason for this is similar to

Figure 5. The Effects of an Increase in h on the wFF Reservation Wage [Colour figure can be
viewed at wileyonlinelibrary.com]

Notes: The figure considers a formal unemployed individual and shows the effect on the reser-
vation wage of a change in the distribution of transfers that increases the transfers to formal work-
ers while reducing those for informal ones. The value of a formal job increases more than the value
of unemployment, which reduces the reservation wage.

Figure 6. The Effects of an Increase in h on the wII Reservation Wage [Colour figure can be viewed
at wileyonlinelibrary.com]

Notes: The figure considers an informal unemployed individual and shows the effect on the
reservation wage of a change in the distribution of transfers that increases the transfers to formal
workers while reducing those for informal ones. The value of an informal job decreases more than
the value of unemployment, which increases the reservation wage.
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before: the value of informal unemployment has to take into account the possibil-
ity of switching to a formal job in the next period. So, the drop in UI is not as
large as the drop in VI.

5.2. Higher Taxes Do Not Necessarily Imply Higher Informality

Now, let us analyze the mechanics of the model when taxes increase. To gain
intuition, consider first the case when h 5 0, that is, when no transfers are given to
formal individuals. Focus on a formal unemployed worker. The decision problem
of this worker is summarized in Figure 7. Originally, taxes are at s0; thus, the
value function is depicted by the solid line as an increasing function of the wage.
As Figure 7 shows, the worker accepts the offer if wF > wR0

FF (because V F>UF)
and rejects it otherwise. The effect of an increase in taxes from s0 to s1 is shown in
Figure 7 by the dashed line. Since ð12sÞ multiplies the wage in Equation (4.1),
the effect of an increase in taxes is to reduce the value of being formal for every
possible wage. Note that the reduction in the value function is larger for high-
wage earners than for low-wage earners, which is a consequence of the propor-
tionality of the tax. In sum, this implies that the reservation wage increases to wR1

FF
and, as a result, fewer workers decide to become formal.11 In this case, higher
taxes bring about a decrease in formality, in accordance with popular beliefs.

Now consider what happens when transfers to formal workers are positive
(h > 0); for didactic purposes, we focus on the case when h 5 1. In this case, an
increase in taxes will become associated with an increase in transfers to formal

Figure 7. The Effects of a Tax Increase with No Transfers Rebated [Colour figure can be viewed at
wileyonlinelibrary.com]

Notes: The figure considers a formal unemployed individual and shows the effect on the reser-
vation wage of an increase in taxes, when no transfers are rebated. The value of a formal job
decreases more than the value of unemployment, which increases the reservation wage, leading to
less formal employment.

11To be precise, the value of formal unemployment would also shift in response to the tax change,
but the shift would be small. The reason for this is that the value of formal unemployment takes into
account the possibility of ending up accepting an informal job offer. In this particular example, the
value of informal jobs after the tax change is higher because they are getting all the extra revenue from
the increase in taxes (12h51).
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workers. However, due to the fact that transfers are given on a per capita basis
and taxes are proportional to wages, transfers will increase more than taxes for
workers with a low wage, and will increase less than taxes for workers with a high
wage. In other words, high-wage earners will subsidize low-wage earners through
the tax and transfer system. The effect of increasing taxes in this context is
depicted in Figure 8. The dashed line lies below the solid line for high wages,
while it lies above the solid line for low wages; since the original reservation wage
is low, this implies that the formal sector becomes more attractive for the mar-
ginal worker. Consequently, the reservation wage goes down, and more unem-
ployed workers decide to go into the formal sector.12

In summary, this analysis suggests that the formal sector can be increased if
more transfers are given to formal workers, even if the extra resources are
obtained through higher taxes. This result holds as long as the value of h 2 f0; 1g
remains sufficiently high. We believe that this is an important result because it
contrasts with the common idea that higher taxes automatically imply a greater
degree of informality.

6. Calibration

In this section, we present our calibration strategy. The goal of the calibra-
tion is to assess the value of the parameters in the model by connecting the model
with the data. This goal is usually achieved by looking for the set of parameters
that will make the model deliver equilibrium outcomes that resemble the data.

Figure 8. The Effects of a Tax Increase with a Cross-Subsidy [Colour figure can be viewed at
wileyonlinelibrary.com]

Notes: The figure shows that an increase in formal employment is possible as a result of a tax
hike, if a cross-subsidy is present. It considers a formal unemployed individual and shows the effect on
the reservation wage of an increase in taxes when all revenue is rebated to formal individuals as per cap-
ita transfers. The value of a formal job decreases for rich workers, but it increases for poor workers,
who are the marginal ones. This decreases the reservation wage, and leads to more formal employment.

12Note that the value of formal unemployment will also change, but this change will be small due
to similar reasons as in the previous footnote. See also Alonso-Ortiz and Leal (2016).
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To perform this task in a practical way, we proceed in three stages. First, we
solve for the equilibrium numerically; this means that we write down a computer
code that receives an arbitrary set of parameters as inputs, and produces equilib-
rium outcomes associated with that specific set of parameters. Second, we sum-
marize these equilibrium outcomes by setting up a list of relevant moments that
describe the economy (see below). We intentionally choose moments in this list
that are also observable in the data, in such a way that each moment has a value
in the data, and a value in the model that we can compute using our code. Third,
we iterate over different sets of parameters and look for the set that brings the
value of the moments in the model as close as possible to the value of the
moments in the data.

We typically start by identifying the group of parameters that can be cali-
brated independently from the rest. In order to be able to independently calibrate
a parameter, it must be the case that a moment in the list referred to above is com-
pletely determined by the value of such a parameter. This is the case of the param-
eter h which, in the model, fully determines the fraction of expenditures that are
transferred to formal workers. In fact, in this case, the parameter and the moment
are synonyms. Thus, we set h50:62, based on the discussion in Section 2 regard-
ing the distribution of transfers.

In contrast, if a parameter needs to be jointly calibrated, this means that no
moment in the list uniquely depends on the value of one parameter. Indeed, the
usual case is to have a situation in which a single moment is influenced by many
parameters, simultaneously. Next, we describe the parameters that we need to
jointly calibrate. These include the job-firing probabilities, the job-finding proba-
bilities, the means and standard deviations of wage distributions in both the for-
mal and the informal sectors, and the tax rate. Regarding the distribution of
wages, we assume that wage offers of the formal and informal sectors are drawn
from i.i.d. log-normal distributions13 with potentially differing means and
variances:

log ðwiÞ ! Nðli; r
2
i Þ; where i 2 fF ; Ig:

This gives us nine parameters to jointly calibrate, which we collect in the vector u:

u5ðkF ; kI ; qF ; qI ; lF ; lI ; rF ; rI ; sÞ:

Next, to perform the calibration of these parameters, we proceed in the three
stages referred to above. First, we solve for the equilibrium numerically; this
means that we write down a computer code that receives an arbitrary value of the
vector u as input and produces equilibrium outcomes. To summarize these out-
comes we set up a list of relevant moments that describe the economy. The statis-
tics that we choose in this list are as follows: the fraction of employees in the
formal sector, êF ; the fraction of employees in the informal sector, êI ; total unem-
ployment, û; unemployment in the informal sector, ûI ; the mean wage in the

13A large number of studies, such as McCurdy (1980) and Abowd and Card (1986), show that the
hypothesis of log-normality for the distribution of wages cannot be rejected.
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formal sector, �wF ; the mean wage in the informal sector, �wI ; the standard devia-
tion of wages in the formal sector, r̂F ; the standard deviation of wages in the
informal sector, r̂I ; and the ratio of transfers to GDP, X=y.14 A summary of the
moments considered is presented in Table 3.

We continue with the calibration procedure by iterating over different values
of the vector u, so that the model replicates the selected key moments of Table 3.
More precisely, we start with a guess of the parameter values, and use a computer
program to look for the values that minimize the mean squared percent deviation
between the value in the model and the value in the data on the selected moments.
Table 4 shows the vector of parameters that results from this procedure.

The role played by frictions in our results is an important one, as we make
clear in the next section. The picture depicted by the calibrated values of frictions
is quite intuitive. For example, the firing probability in the formal sector is much
smaller than in the informal sector, while it turns out to be easier to get an offer
from the informal sector than from the formal one. This is consistent with the
popular idea that formal jobs are less risky, but harder to get. Note also that the
tax rate consistent with a revenue of 7.5 percent of GDP is s50:2729, which lies
within a reasonable range. The moments induced by these parameters are com-
pared against those in the data in Table 3. Our model and calibration procedure
provide a good match of employment and unemployment levels, and the first two
moments of the observed distribution of wages are also replicated quite well.

One interesting point regarding the calibrated values of the job-firing proba-
bilities is that the assumption of two different unemployment states is important.
This is because we also ask in the calibration to match the stocks of each type of
unemployment. Since the stock of formal unemployment is substantially lower
than the stock of informal unemployment, a lower firing probability in the formal
sector is needed. Furthermore, the per capita transfer received by the formal
unemployed (TF) is higher than the per capita transfer received by the informal

TABLE 3

Summary of Targeted Moments

Moment Notation Data Model

Formal eF 0.451 0.4536
Informal eI 0.507 0.5035
Unemployed u 0.042 0.0429
Unemployed from I uI 0.028 0.0276
Mean wage F �xF 36.85 36.3888
Mean wage I �xI 22.50 24.0146
Standard deviation F r̂F 42.38 42.675
Standard deviation I r̂I 27.80 26.2906
Ratio of social expenditures to GDP X

y 0.075 0.0746
Social expenditures on formal workers h 0.62 0.62

Notes: This table shows the targeted moments to be replicated by the model. The “Data” col-
umn shows the actual moment in the data, while the “Model” column shows the moment delivered
by the model under our baseline calibration. For details of our calibration procedure, see the notes
to Table 4 and the text.

14In our model, GDP is y5

ð
wF dCF 1

ð
wI dCI.
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unemployed (TI), which tends to increase duration. A higher duration would tend
to increase formal unemployment, which is offset with a low firing probability in
the formal sector.

7. Results

Given our baseline calibration, we can use our model to obtain equilibrium
outcomes (through our computer code) for different sets of parameters that repre-
sent counterfactual scenarios in which we have an interest. We can also use our
model to emulate the changes in taxes and transfers observed when the introduc-
tion of Seguro Popular took place, and compare the equilibrium outcomes of our
model with those in the data.

Regarding the counterfactual exercises, we would like to organize the discus-
sion by analyzing two general policy changes: (1) changes in the size of transfers
(i.e. higher taxes), given a constant distribution; and (2) changes in the distribu-
tion of transfers given size. Of course, we would also like to analyze policy
changes that involve a combination of the above two cases.

7.1. Changes in the Distribution of Transfers

Consider first changes in the distribution of transfers; these are presented in
Table 5. The benchmark values for the size of the informal sector, the formal sec-
tor, general unemployment, and formal unemployment are shown in the column
in bold type (h50:62). Note also that in this table the size of transfers is kept con-
stant, which corresponds to a value of s in our benchmark of 0.2729. When the
fraction of resources devoted to formal workers increases to h 5 1, the size of the
informal sector decreases to 0.4288; and there is a corresponding increase in the
size of the formal sector—this corresponds to the case when all the tax revenue is
given to formal workers. In contrast, when the tax revenue is given only to infor-
mal workers (h 5 0), informality goes up to 0.7108. This shows that the way in
which transfers are distributed across formal and informal workers is a relevant
force that determines the size of the informal sector (see Figures 5 and 6).

Also of interest is the response of unemployment to the increase in h. As the
value of transfers to formal workers increases, formal unemployment increases.
This is explained by two effects: first, the increase in formality increases the num-
ber of people who can potentially be formal unemployed; second, since transfers
also increase for the formal unemployed, this also increases the value of formal

TABLE 4

The Calibrated Parameters

kF kI qF qI lF lI rF rI X

0.0238 0.0395 0.3157 0.9092 2.946 2.2681 0.9919 1.0227 4.505

Notes: This table shows the value of parameters for our baseline calibration. We calibrate the
model by solving for the equilibrium numerically and iterating over different sets of parameters. For
each iteration, we compute the targeted moments in Table 3 until we find a set of parameters that
replicates such moments well. See more details in the text.
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unemployment. Note, however, that general unemployment is almost unchanged,
which is consistent with an offsetting reduction of informal unemployment. To
see why, note that when h increases, there is less informality and less in the way of
transfers is given to informal unemployed. General unemployment is barely
affected because the changes in h do not affect the distribution of transfers across
employment/unemployment status in an important way.

It is also interesting to look at the way in which reservation wages respond to
changes in h in order to fully understand the mechanics of the model. Note that,
as h increases, the reservation wage of a formal unemployed individual with an
offer from the formal sector (and no offer from the informal sector), wR

FF , is
reduced. This means that more formal jobs are accepted. Similarly, the reserva-
tion wage of an informal unemployed with a formal offer in hand is reduced, in
fact, when h 5 1, virtually any formal job offer is accepted (wR

IF 50). The reduction
in the reservation wage occurs despite the fact that the value of formal unemploy-
ment is higher when h increases. Nonetheless, the value of a formal job increases
more than the value of formal unemployment, which reduces the reservation
wage (see Figure 5).

In contrast, the reservation wage of an informal offer increases when h
increases. This reflects the fact that informal jobs become less attractive as less in
the way of transfers is given to these individuals (see Figure 6). Consequently,
fewer informal jobs are accepted, and the size of the informal sector is reduced.
Furthermore, a larger amount of formal jobs with low wages are accepted, and

TABLE 5

The Effects of Changes in the Distribution of Transfers, Given Size

Panel a

h

0 .25 .50 .62 1
eI 0.7108 0.6096 0.5345 0.5035 0.4288
eF 0.2435 0.3466 0.4226 0.4536 0.527
u5uF 1uI 0.0458 0.0437 0.0429 0.0429 0.0442
uF 0.0077 0.0112 0.014 0.0152 0.0191

Panel b

wR
FF 13.9765 8.2773 4.948 3.6408 0

wR
II 4.9846 5.4061 6.0197 6.3654 7.8812

wR
IF 14.3051 8.3086 4.7519 3.3263 0

wR
FI 4.6826 5.3862 6.2247 6.6819 8.5962

�xF 50.5172 42.0108 37.797 36.3888 33.8177
�xI 21.4012 22.3066 23.416 24.0146 26.4573
rF 50.8386 45.4272 43.2986 42.675 41.5513
rI 24.7335 25.3316 25.9631 26.2906 27.5599

Notes: Panel a shows the effect of changes in the distribution of transfers between formal and
informal workers, on selected labor market outcomes. h represents the fraction of resources allo-
cated to transfers for formal workers. The size of the informal sector depends negatively on the
value of h. Panel b shows the effects of changes in h on equilibrium reservation wages and on the
distribution of wages.
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thus the mean wage in the formal sector is reduced. The opposite happens with
the mean wage of informal jobs.

7.2. Changes in the Tax Rate (the Generosity of Transfers)

Now consider changes in the size of transfers, given the current distribution.
What is the effect on the size of the informal sector of increasing taxes to 20 per-
cent? Table 6 shows this in the column in bold type. The benchmark value of s is
(0.2729), and we present the effects of increasing and reducing this parameter by
10 and 20 percent. This implies that the value of s ranges between 22 percent and
33 percent.

In response to a 20 percent increase in s, informality would barely change; in
fact, it decreases by less than half of a percentage point (from 0.5035 to 0.5009).
The sign of this change is opposite to the popular idea that more taxes induce
higher informality. However, we would like to stress that in the present model, the
effect of tax increases depends heavily on the parameter h. If all tax revenue is
given back to formal workers (h 5 1), a tax hike actually decreases informality, as
discussed previously (see Figure 8). This can be confirmed in the last column of
Table 6: when the tax rate increases, informality decreases, from 0.4288 to 0.4219.
In contrast, when all tax revenue is transferred to informal workers (i.e. h 5 0),
the result of an increase in taxes is what most people would expect: a strong
increase in informality (see Figure 7).

Above all, the most important result derived from Table 6 is that informality
is pretty inelastic to changes in s for an important range of values of h. To put
this into perspective, note that Table 6 considers changes in the tax rate over a
range of 10 percentage points (from 22 percent to 33 percent), and it is only when
h 5 0 that the range of variation of informality in response to changes in s is more
than 10 percentage points. However, for values above h5:25, the range of varia-
tion of informality in the table is less than 3 percentage points. In sum, the results
in this table imply that the elasticity of informality to realistic changes in taxes
and transfers is small. This is confirmed next, when we study the effects of the
introduction of Seguro Popular.

TABLE 6

The Effects of Changes in Size and Distribution of Transfers on the Size of the Informal

Sector

h

0 0.25 0.50 0.62 1
s=s0 0.8 0.6657 0.5934 0.5333 0.5074 0.4371

0.9 0.6869 0.6015 0.534 0.5054 0.4324
1 0.7108 0.6096 0.5345 0.5035 0.4288
1.1 0.7391 0.6176 0.5349 0.5020 0.4253
1.2 0.7808 0.6256 0.5354 0.5009 0.4219

Notes: The table presents the effect of changes in the tax rate on the size of the informal sector,
for different distribution shares of transfers. The effect on informality of a tax hike is ambiguous
and depends on the share of transfers on formal workers.
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7.3. The Importance of Frictions and Wage Dispersion

In this section, we study the importance of frictions for the size of the elastic-
ity. We also study the sensitivity to the wage dispersion below. Our baseline is an
elasticity of 20.24 when h increases by 1 percentage point—ceteris paribus. A nat-
ural argument to make is that when transfers for formal workers increase, people
would like to move out of informal jobs and into the now more attractive formal
jobs. Since in our model, the job separation probability is fixed, this represents a
barrier for movement of that kind. Similarly, another possible argument is that
when formal jobs become more attractive, people will search for those jobs more
intensively, and the job-finding probability will increase. This, of course, cannot
happen in our framework because such probabilities are fixed.

Thus, we would like to allow for more job separations from informality, or a
higher job-finding probability of formal jobs, at the same time as we increase h.
To achieve such a goal, we perform additional counterfactual exercises, assuming
that frictions change along with the h parameter. We present the elasticity of
informality under these conditions in Table 7. We multiply each friction by a fac-
tor t> 1, along with the change in h. We consider an increase in h of 1 percentage
point, from 0.62 to 0.63.

The table shows that if we allow for more transitions, either by increasing job
separations out of the informal sector or by increasing the job-finding rate in the
formal sector, the elasticity of informality to changes in transfers increases sub-
stantially. In particular, a job separation probability 10 percent higher, along with
an increase in h of 1 percentage point, creates a reduction in the informal sector
of almost 2 percentage points. This is an elasticity that is eight times higher than
in the baseline case. A similar pattern emerges when we allow the job-finding rate
in the formal sector to vary.

This might be interpreted as undermining our claim that the elasticity of
informality is low. Nonetheless, in the next section, we use the evidence related to
the recently introduced Seguro Popular to argument in favor of our baseline speci-
fication. We see the results in this section as a way of highlighting the importance
of frictions in determining the extent of the elasticity.

Next, we explore the importance of wage dispersion for our main results. In
particular, it can be argued that the strength of the cross-subsidy channel crucially

TABLE 7

The Importance of Frictions

Factor t

Bench 1.00 1.01 1.05 1.10

kI eI 0.5035 0.5011 0.4993 0.4923 0.4840
Elasticity – 20.24 20.42 21.12 21.95

qF eI 0.5035 0.5011 0.4995 0.4933 0.4858
Elasticity – 20.24 20.40 21.01 21.77

Notes: The table shows the elasticity of informality to changes in the distribution of transfers
with simultaneous changes in frictions of different magnitudes. Frictions (either kI or qF) are multi-
plied times a factor t (first row) along with the change in h of 1 percentage point.
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depends on the extent of wage dispersion, for a given mean. Intuitively, if all for-
mal workers receive the same wage, then no cross-subsidy is possible.15

To investigate the importance of this channel, we perform the following
quantitative exercise. We proceed in two stages. First, we multiply the formal-
sector dispersion parameter by a factor f � 0, and then we compute the change in
informality when we increase the tax rate by 1 percentage point. We report the
elasticity as the change in the size of the informal sector in response to a 1 per-
centage point increase in the tax rate in Table 8. We note that the value of this
elasticity in the benchmark case (f 5 1) is positive and equal to 0.19. The results
of this exercise are quite intuitive. If we eliminate wage dispersion in the formal
sector (f 5 0), there are no opportunities for cross-subsidies; therefore, the value
of a formal job can only decrease when taxes increase (provided that a fraction of
the tax revenue is given to informal workers). Thus, we see that the elasticity is
close to 21 in this case, compared to a positive elasticity of 0.19 in the benchmark
case. Finally, note that when we double the wage dispersion in the formal sector
(f 5 2), the economic force associated with the cross-subsidy channel is stronger
and the elasticity is positive and much higher than in the benchmark case.

Table 8 highlights the importance of wage dispersion for the size of the elas-
ticity. We emphasize that our benchmark calibration reproduces the wage disper-
sion found in the data, along with other relevant moments. Thus, the size of the
elasticity is disciplined by matching such moments.

7.4. The Effects of Seguro Popular

In this section, we analyze the effect of changes in taxes and transfers associ-
ated with the introduction of Seguro Popular. We interpret the above calibrated
parameters as representing the situation after the introduction of the program.

TABLE 8

The Importance of Wage Dispersion

Bench (f 5 1) f 5 0 f 5 2

Elasticity 0.19 20.98 1.27

Notes: The table shows the elasticity of informality to a change in the tax rate of 1 percentage
point, for different values of the wage dispersion. The parameter f (first row) indicates whether dis-
persion is eliminated or doubled relative to the baseline calibration value.

TABLE 9

Data on Distribution and Generosity of Transfers Associated with the Introduction of SP

Data 2004 2011

Health spending/GDP (generosity) 2.59 3.05
Share of health spending directed at formal workers (distribution) 0.6756 0.5567

Notes: The table shows relevant data on health expenditures, before and after the introduction
of Seguro Popular. The introduction of this program signified a change in the distribution and the
generosity of transfers.

15We are grateful to an anonymous referee for pointing this out.
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We simulate a reduction in generosity equivalent to 0.5 percent of GDP and an
increase in the transfers directed to formal workers, consistent with the data from
both the OECD�s SOCX database and the Secretar�ıa de Salud (see Table 9 and
Section 2). Given that Table 9 refers to health spending only, we also use the data
in the detailed SOCX database to perform an assessment of the value of h before
SP was introduced. We conclude that before SP was introduced, the generosity of
transfers amounted to 7 percent of GDP and the value of h consistent with the
distribution of transfers at the time was 0.66.

With this on hand, we perform a counterfactual exercise using our model: we
change the generosity of transfers and the distribution to reflect a 7 percent of
GDP revenue to GDP ratio, and a fraction of transfers to formal workers of 0.66.
The results are presented in Table 10. Our model predicts that the impact of
Seguro Popular has been to increase the share of informality by 0.8 percentage
points. This result is consistent with previous literature that has reported a small
effect of the introduction of this program on informality (see footnote 2). Our
model also predicts almost no change in the unemployment rate due to this
change in policy.

In general, the small change found as a result of the introduction of SP is the
result of the presence of frictions that reduce mobility across sectors. Also impor-
tant for this result is the small size of the transfers relative to the value of work
and unemployment. Thus, a lesson from this exercise is that in order to obtain big
changes in informality, transfer changes should be of considerable size. To put
this differently, under the current distribution, it is hard to obtain sizable changes
in informality in response to realistic changes in taxes and transfers.

8. Discussion

One important limitation of our model is the lack of general equilibrium
effects. In this section, we discuss how the results could change if these types of
effects were considered. For explanatory purposes, let us focus on the tax changes
in Table 6. One key variable for the decision of the firm is the relative wage of for-
mal workers versus that of informal workers. We saw in Table 6 that a tax increase
makes the formal sector more attractive for the marginal worker, because trans-
fers are bigger than taxes for this worker. Since all the action in our model is com-
ing from the workers, in a richer model, this would signify an increase in the
supply of formal workers and a decrease in the supply of informal workers. An

TABLE 10

The Impact of the Introduction of Seguro Popular on Informality and Unemployment

Before SP After SP Difference

Generosity (X=y) 0.070 0.0750 20.005
Distribution (h) 0.660 0.620 0.04
eI 0.4956 0.5035 20.0079
u 0.0432 0.0429 0.0003

Notes: The table shows the effect of the introduction of Seguro Popular (see Table 9) on infor-
mality and unemployment.
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increase in the supply of formal workers would tend to push formal wages down
relative to informal wages, in order to keep demand in line with supply. This effect
would reduce the value of formal-sector jobs, and increase the value of informal
jobs. Thus, general equilibrium introduces a feedback effect that goes in the oppo-
site direction to our current results.

By how much would formal-sector wages decrease after an increase in taxes?
Would it be enough to end up reducing the size of the formal sector? The answer
to this is related to how substitutable formal and informal workers are from the
point of view of the firms. In models where there is an occupational choice, with
both formal and informal entrepreneurs, the answers to these questions are
related to how the marginal entrepreneurs are affected by changes in relative
wages. Now consider a change in the distribution of transfers in favor of formal
workers (see Table 5). In this case, the supply of formal workers will also increase,
and this will push wages down, which will reduce the value of formal jobs. The
extent of this “feedback” effect remains a quantitative question that we leave for
future research.

9. Conclusion

In this paper, we have used a search frictions model to study the elasticity of
informality to changes in social policy transfers. In our model, formal jobs are
“better” than informal jobs because they are tied to larger transfers, and are less
risky. On the other hand, formal jobs are harder to get. Thus, workers optimally
decide to accept informal jobs because these arrive more frequently.

In contrast to the basic model of informality, we do not rely on the assump-
tion of partial valuation of benefits to obtain a non-zero elasticity of informality
to taxes and transfers. Instead, we use a model in which workers are heterogene-
ous in the wages they accept and, thus, the tax and transfer system allows for a
cross-subsidy from high-wage earners to low-wage earners. In this model, workers
who receive a transfer that is larger than the taxes paid coexist with workers who
receive transfers that are equal or smaller than the taxes paid. The sign and mag-
nitude of the elasticity of informality to changes in taxes and transfers greatly
depends on which of the above two situations is the one that prevails for the mar-
ginal worker.

We calibrate the model for Mexico, and perform counterfactuals. Given that
62 percent of social expenditure is given to formal workers, we find that the elas-
ticity of informality to tax changes, given distribution, is small. The reason is that
the marginal worker faces two opposing forces: higher taxes that reduce the value
of a formal job, versus higher transfers that increase the value of a formal job.

We use our model to study the effects on informality of the recently intro-
duced Seguro Popular, and we find that the effects are quite small, in line with the
empirical literature using micro-data. Our model also offers an alternative way to
rationalize the empirical evidence found in Almeida and Carneiro (2012), where
an increase in taxes (due to an increase in enforcement) is associated with more
formalization.

Review of Income and Wealth, Series 00, Number 00, Month 2017

VC 2017 International Association for Research in Income and Wealth

30



References

Abowd, J. M. and D. Card, “On the Covariance Structure of Earnings and Hours Changes,” Econo-
metrica, 57, 411–45, 1986.

Albrecht, J., L. Navarro, and S. Vroman, “The Effects of Labour Market Policies in an Economy with
an Informal Sector,” The Economic Journal, 119 (539), 1105–29, 2009.

Almeida, R. and P. Carneiro, “Enforcement of Labor Regulation and Informality,” American Eco-
nomic Journal: Applied Economics, 4 (3), 64–89, 2012.

Alonso-Ortiz, J. and J. Leal, “Online appendix for �Cross-subsidies, and the elasticity of informality to
social expenditures: the case of Mexico�s Seguro Popular,�” Manuscript, 2016.

Azuara, O. and J. Marinescu, “Informality and the Expansion of Social Protection Programs: Evi-
dence from Mexico,” Journal of Health Economics, 32 (5), 938–50, 2013.

Bosch, M. and R. Campos-V�azquez, “The Trade-offs of Social Assistance Programs in the Labor
Market: The Case of the �Seguro Popular� Program in Mexico,” Working Paper DT-2010-12, El
Colegio de M�exico, Centro de Estudios Econ�omicos, 2010.

Bosch, M. and J. Esteban-Pretel, “Job Creation and Job Destruction in the Presence of Informal Mar-
kets,” Journal of Development Economics, 98 (2), 270–86, 2012.

Chandra, V. and M. A. Khan, “Foreign Investment in the Presence of an Informal Sector,” Economica,
60, 79–103, 1993.

Duval Hern�andez, R. and R. Smith Ram�ırez, “Informality and Seguro Popular under Segmented
Labor Markets,” Centro de Investigaci�on y Docencias Econ�omicas, Mexico City, 2011.

Edwards, S. and A. C. Edwards, “Social Security Privatization Reform and Labor Markets,” NBER
Working Paper No. 8924, National Bureau of Economic Research, Cambridge, MA, 2002.

Esteban-Pretel, J. and S. Kitao, “Labor Market Policies in a Dual Economy,” Manuscript, 2013.
Fields, G. S., “Labour Market Modelling and the Urban Informal Sector: Theory and Evidence,” in

D. Turnham, B. Salomt, and A. Schwartz (eds), The Informal Sector Revisited, OECD Develop-
ment Centre, Paris, 49–69, 1990.

———, “Dualism in the Labor Market: A Perspective on the Lewis Model after Half a Century,” The
Manchester School, 72 (6), 724–35, 2004.

Fugazza, M. and J. F. Jacques, “Labor Market Institutions, Taxation and the Underground Econo-
my,” Journal of Public Economics, 88 (1–2), 395–418, 2004.

Kugler, A. D. and M. Kugler, “Labor Market Effects of Payroll Taxes in Developing Countries: Evi-
dence from Colombia,” NBER Working Paper No. 13855, National Bureau of Economic
Research, Cambridge, MA, 2008.

Levy, S., Good Intentions, Bad Outcomes, Brookings Institution Press, Washington, D.C., 2008.
Lewis, W. A., “Economic Development with Unlimited Supplies of Labour,” The Manchester School,

22 (2), 139–91, 1954.
Loayza, N. V., “Labor Regulations and the Informal Economy,” Policy Research Working Paper No.

2742, The World Bank, Washington, D.C., 1994.
Maloney, W. F., “Informality Revisited,” World Development, 32 (7), 1159–78, 2004.
McCurdy, T. E., “An Empirical Model of Labor Supply in a Life Cycle Setting,” The Journal of Politi-

cal Economy, 89, 1059–85, 1980.
Meghir, C., R. Narita, and J.-M. Robin, “Wages and Informality in Developing Countries,” NBER

Working Paper No. 18347, National Bureau of Economic Research, Cambridge, MA and Work-
ing Paper 1018, Economic Growth Center, Yale University, 2012.

Perry, G., W. F. Maloney, O. S. Arias, P. Fajnzylber, A. Mason, and J. Saavedra-Chanduvi, Informality:
Exit and Exclusion, The World Bank, Washington, D.C., 2007.

Satchi, M. and J. Temple, “Labor Markets and Productivity in Developing Countries,” Review of Eco-
nomic Dynamics, 12 (1), 183–204, 2009.

Summers, L. H., “Some Simple Economics of Mandated Benefits,” The American Economic Review,
79 (2), 177–83, 1989.

United Nations, A System of National Accounts (“UN-SNA”), United Nations, New York, 1993.
Zenou, Y., “Job Search and Mobility in Developing Countries: Theory and Policy Implications,” Jour-

nal of Development Economics, 86 (2), 336–55, 2008.

Supporting Information

Appendix: Steady State Employment, Unemployment and Wage Distributions

Review of Income and Wealth, Series 00, Number 00, Month 2017

VC 2017 International Association for Research in Income and Wealth

31


	l
	l
	l
	l
	l
	l

