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Abstract:  

 

We build a DSGE model that allows us to: (i) derive a time series for the shadow 

economy in Brazil spanning the period 2002-2014, which successfully replicates the 

behavior of the main series provided by Pesquisa Nacional por Amostra de Domicílios 

(National Household Survey, from the Brazilian Institute of Geography and Statistics); 

(ii) run dynamic simulations showing that expenditure-based fiscal consolidations, in 

the presence of a large underground economy (around 50% of employment and above), 

lead, at worst, to mild recessions in the formal sector and are likely to foster public debt 

sustainability. These results are different from what we find when the same benchmark 

economy is calibrated to lower steady-state levels of informal employment –in our 

study, 10% and 30%–, figures often seen in more industrialized countries, where 

slashing public expenditure does not lead to a neat improvement of the fiscal side of the 

economy. On the contrary, for countries like Brazil increases in distortionary taxation 

worsen both public debt dynamics and fiscal collection, but do not necessarily trigger a 

recession due to the role of the informal economy as a shock absorber. For more 
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industrialized economies, with typically lower informal sectors –10% and 30%–, the 

main difference lies in the nil effect of these tax increases on public debt sustainability. 

Thus, in countries with large informal economies such as Brazil, expenditure-cutting 

measures rather than higher tax rates should be relied upon when trying to put the fiscal 

house in order. From our work, it could be inferred that similar fiscal policies could 

have distinct effects on different countries (or even regions within the same country) 

depending on the size of the informal economy. 
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1 Introduction
Irrespective of the level of development, if there is a feature all countries unambiguously

share, that is the existence of the underground economy1. The ratio of the latter variable to
GDP varies significantly across countries, being typically higher in developing and emerging
economies than in the industrialized world2. For instance, Schneider et al. (2010) report the av-
erage size of the informal economy for 162 countries over 1999-2007. It is remarkable that Latin
America and the Caribbean top the list with 41.4% of GDP, closely followed by Sub-Saharan
Africa, 40.2%, and then by Eastern Europe and Central Asia, with the same percentage, 38.9%.
In OECD countries, informality accounts for a considerably lower share of GDP, 17.1%.

This phenomenon has clearly drawn a lot of attention of politicians and academics alike,
and it has consequently sparked a great deal of research. Discussions on this matter inten-
sify every time the economy finds itself plagued with high unemployment and significant fiscal
imbalances. The negative economic consequences of having a sizable unofficial economy are
several-fold: Fiscal deficits and debts are likely to be higher than they would otherwise be in
the absence of large informal sectors, crowding-out private investment and leading to lower
long-term growth through that channel. Moreover, in order to compensate for these lost re-
sources, a notable informal economy involves a greater-than-normal tax burden on those agents
who choose to stay in the formal sector, which may end up hampering economic activity. Fur-
thermore, it may give rise to a lower quality and/or amount of public goods provided by the
government. Another possible shortcoming would be that it can bring about permanent adverse
effects on total factor productivity, as informal firms and workers usually face greater barriers
in the access to credit and training than their official counterparts.

Unquestionably, at unprecedented times, when fiscal challenges facing underdeveloped and
industrial countries are highly pressing, the opportunity cost of the foregone public revenues
rises exponentially. The piling-up of public debt in the post-2008 era, along with declining
populations, pose enormous global threats to fiscal sustainability and thus to future economic
performance of industrialized and underdeveloped countries alike (Clements et al., 2015). In the
non-industrialized world, Brazil is a clear-cut case of a country currently under fiscal pressure
from past fiscal-spending sprees (Terra, 2016). Against this background, squeezing the shadow
economy and reducing budget deficits seem like the right path to take.

On the other hand, the Great Recession might have somehow helped change the way
economists and analysts think about the informal economy. Actually, the dire straits in which
many economies have recently found themselves have made many reconsider to some extent
the idea that the underground economy is a drag on economic prosperity and a signal of eco-
nomic dysfunctionality. Absent these informal sectors, this global crisis would have likely had
harsher implications for the standard of living and poverty worldwide. This is especially true
for underdeveloped (developing and emerging) economies. As indicated above, many countries

1While they may not mean exactly the same, in this paper we follow a strand of the literature that uses
different names interchangeably to refer to the same phenomenon: underground economy, hidden economy,
shadow economy, unofficial economy, informal economy, black market economy, grey economy, unregistered
economy, unobserved economy, etc. Our definition of this variable accords well with the one provided by the
OECD (2002), for which the informal economy consists of legal activities that are considered to be productive in
an economic sense, but that are concealed from the fiscal authorities so as to avoid paying taxes, being subject
to labor legislation, etc.

2See for example Buehn and Schneider (2012).
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included in this category tend to have large informal sectors which have played a crucial buffer
role in absorbing idle labor and capital in the aftermath of the financial crisis.

In this work, our main focus is placed on the interplay between fiscal policy and the un-
derground economy, and their resulting effects on the macroeconomy3. Indeed, there seems to
be a two-way relationship between fiscal policy and the size of informality –see, for example,
Annicchiarico and Cesaroni (2017). Burdensome taxation goes hand in hand with a large black
economy, but at the same time, this latter variable has an influence over the effect of fiscal
policy on the macroeconomic variables. This is explained because fiscal shocks are known to
generate significant labor and capital reallocations between the formal and informal sectors
which end up determining the final outcome of these policy changes.

It is important to note that the direction of these resource flows hinges on what fiscal tool
is used to lower the deficit. In essence, expenditure-based plans, if perceived sustainable, cause
transfers of inputs toward the formal sector, whereas the opposite occurs when tax hikes are
resorted to. Intuitively, public expenditure cuts crowd in private investment, which leads to
an increase in the capital stock mainly in the official market (where investment is more prof-
itable). This raises formal labor productivity, thereby further widening the productivity gap
that already exists between these sectors. This greater efficiency differential plays a key role
in elucidating why resources leave the shadow economy towards the formal sector when the
government reduces current spending. As far as tax increases are concerned, lower investment
engineered by the greater distortions helps close the existing productivity divergence, which
renders the underground economy relatively more attractive. Accordingly, capital and labor
will flow out of the official market and into the informal sector.

In particular, our main contribution is twofold: first, we estimate the size of informality in
Brazil’s labor market using a two-sector –official versus unofficial– New-Keynesian model with
price and wage frictions. The quarterly time series we derive, whose average value amounts
to 49.57% of total labor force, does a good job of replicating rather accurately the behavior
of the series provided by PNAD4. Secondly, by conducting some simulation-based experiments
through the same model, we are able to show that the level of the shadow economy (measured
as the share of informal employment in total employment) makes a difference for the effect of
fiscal adjustments on public debt dynamics and on the macroeconomy overall. Indeed, cut-
ting government expenditure in economies with high levels of informality –50% of unregistered
employment over total, as typically found in low-income and emerging markets– unequivocally
improves public debt sustainability and need not lead to an austerity-induced recession, at least
not to a deep and protracted one, because of the role of the underground sector as a "shock
absorber". What is more, in this sort of economies, a reduction in government purchases can
even bolster the formal economic activity. By contrast, revenue-based consolidations, espe-
cially through increases in corporate taxes and, to a lesser extent, in consumption taxes, would
worsen debt dynamics and lower tax collection, although again they would not need to cause an
economic downturn due to the role of the informal economy in cushioning the negative impact
of lower disposable income. Thus, in times of fiscal distress, countries whose ratio of informal

3In our analysis we also assess the effects of some non-fiscal shocks such as monetary shocks, preferences
shocks, shocks to the elasticity of substitution of labor, to law enforcement, to the labor supply, etc., although
our main interest lies in the fiscal variables of the model.

4The National Household Survey (Pesquisa Nacional por Amostra de Domicílios –PNAD, in Portuguese–)
is a survey conducted by the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia
e Estatística –IBGE, in Portuguese–) seeking to explore Brazil’s socio-economic features.
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to total employment hovers around 50% are well advised to rely on public spending cuts rather
than on higher tax rates when trying to curtail fiscal deficits and bring the growth of public
debt to GDP ratio to a halt.

It should be highlighted that these results differ from the ones we find when the same
benchmark economy (Brazil) is calibrated to lower steady-state levels of informal employment
–10% and 30%–, figures often seen in more industrialized countries. Regarding expenditure-
based fiscal adjustments, their positive effects on public debt sustainability are milder and more
short-lived than for the economy with high informality referred to above. As for fiscal consoli-
dation programs relying on tax increases, economies with fewer informal workers should expect
their public debt to GDP ratios to deteriorate less over time than in the case of an economy
with a large shadow economy (measured in terms of employment).

As a third building-block of our work, we carry out standard impulse-response function,
variance decomposition and multiplier analyses determining that the corporate tax and, to
a lesser degree, the labor-income tax, along with some demand-side variables, appear to play
an important role in explaining Brazil’s evolution of the shadow economy over the chosen period.

The remainder of the paper is organized as follows: section 2 reviews the related literature,
section 3 describes the model, section 4 presents and analyzes the results and section 5 con-
cludes.

2 Literature review
Although there are several different approaches suitable for the study of the shadow econ-

omy, throughout this section, we restrict ourselves to the analysis of the literature on the
interaction between the latter variable and fiscal policy by means of dynamic stochastic general
equilibrium (DSGE) models. These may present some advantages over the remainder of the
techniques in addressing this paper’s goals. Generally, due to its micro-founded structure, this
methodology is assumed to provide a deeper insight on the causes of the unobserved economy.
Besides, once the model has been estimated, making predictions and simulations of the effects
of economic policies on this variable from a general equilibrium perspective is straightforward.

The idea of employing DSGE models to analyze the informal economy has been explored
before in the literature. More than a decade ago, Busato and Chiarini (2004) studied this phe-
nomenon through the use of a real business cycle (RBC) model. The authors aim to reassess
some stylized facts of the Italian business cycle and show how the introduction of the informal
sector in DSGE models helps identify them and also improve some unsatisfactory business cycle
results, such as the "employment volatility puzzle". The authors opt for a two-sector (formal
and informal) closed-economy RBC model where the representative firm’s total cost is com-
prised of the sum of the firms’ costs in both sectors. The contribution of this article can be
summarized as follows: the inclusion of an informal sector in the model increases the quality
of the fit to the data. In addition, risk-sharing opportunities can arise from the presence of an
underground economy because households are allowed to better smooth income through labor
allocation between sectors.

Similarly, Restrepo-Echavarria (2014) shows that the reason why consumption volatility
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amply exceeds output volatility is that economic agents are able to substitute out formal-good
consumption for informal-good consumption in response to a productivity shock –a fact widely
observed in developing countries and in some developed ones. By utilizing a two-sector small
open economy RBC model, where agents face the decision whether to work in the formal or the
informal sector, and in which there is some heterogeneity across both sectors’ final goods, the
author makes the case that measuring the informal economy correctly is key to understanding
business cycles.

With a view to reexamining the findings that the widely cited work by Blanchard and Leigh
(2013) brought to the forefront, Pappa et al. (2015) study the effects of expenditure-based
and revenue-based fiscal consolidations on economic activity by means of a closed-economy
New-Keynesian model featuring fiscal evasion and corruption, endogenous labor force partic-
ipation and search and matching frictions. In the former article, the authors regress growth
forecast errors on the planned fiscal adjustment and arrive at the conclusion that these fore-
casts implicitly underestimate the size of fiscal multipliers. According to Pappa et al. (2015),
corruption-plagued countries –these are likely to have larger shadow economies as well– are the
ones for which the underestimates are most notable, which implies that high corruption and
tax evasion exacerbate the effects of fiscal adjustments.

At a first stage, using annual Italian data for the period 1982-2006, the authors find that
tax-based fiscal adjustments provide incentives for individuals and firms to reallocate their ac-
tivities toward the underground economy. This process is reinforced by the decrease in the
productivity gap between the two sectors caused in turn by the fall in investment, which ends
up boosting informal output further. As for spending cuts, the opposite occurs: there is a
widening of the productivity difference between the sectors, triggered by the increase in the
capital stock, which attracts resources to the formal sector. The conclusion is that when cor-
ruption and tax evasion are taken into account, slashing government expenditures dampens the
output losses and leads to a permanent reduction in the unemployment rate and significant
welfare gains. On the other hand, in the presence of the same phenomena, tax spikes exacer-
bate recessions, due to the fact that consumption, investment and labor participation drop in
a meaningful way. They also bring about growing welfare losses as time passes.

To draw comparisons on the consolidation plans recently undertaken by the Southern Eu-
ropean countries’ governments, the same model is then recalibrated for Portugal, Italy, Greece
and Spain (the so-called PIGS countries), with the results pointing to protracted recessive ef-
fects and unambiguous welfare losses due to the implementation of the fiscal packages in all
these countries.

In the same vein, using an open-economy New-Keynesian model calibrated for the Ital-
ian economy, Annicchiarico and Cesaroni (2017) are concerned with the relationship between
deficit-neutral tax reforms and resource reallocations between the formal and the informal
sectors. In a context of tight budgetary constraints, they go through several proposals of
growth-friendly tax reforms often brought up in the political arena and in academic circles,
such a revenue-neutral switch from direct to indirect taxation, and budget-neutral tax cuts.
Their main finding can be summarized by stating that ignoring the explicit link between the
tax burden and the size of the shadow economy can lead to wrong (and even harmful) fiscal
policies. This is so because tax changes trigger reallocation of resources across sectors, which
usually differ in terms of productivity, thereby having an impact on economic activity also
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through this channel. It is also worth highlighting the overall positive effects on GDP and
employment of the fiscal measures studied. While cutting the business tax appears to yield
the best outcome in terms of output, those that affect the labor tax wedge are found to have
detrimental effects when it comes to reducing the size of the informal economy.

Using theory to derive an informal economy series is not something completely unheard of
in the literature. Indeed, Orsi et al. (2014) seek to measure the Italian underground economy
by way of a two-sector neoclassical stochastic growth model with limited tax enforcement à
la Allingham and Sandmo (1972). In addition, with the aim of enriching the analysis, the
model also encompasses the possibility of intensive margin adjustment, a wide range of diverse
exogenous shocks and a deterministic growth rate driven by labor-augmenting technological
progress. Their paper’s contribution is twofold: first, their DSGE model generates an upward
trend time series for the Italian shadow economy that lends support to the authors’ thesis of
an ever-growing tax burden as the ultimate cause of this phenomenon. It should be underlined
that this produced time series seems to enhance the accuracy of the underground economy’s
behavior over the ones provided by the Italian National Institute of Statistics (ISTAT) and by
Schneider and Enste (2013). Second, they use their model to show that by lowering taxation
and/or improving tax-enforcement, informality would drop, tax collection would rise, and over-
all economic activity would expand.

Along the same lines, Argentiero and Bollino (2015) come up with the average steady-state
size of the Italian unofficial economy over the period 1974:01-2011:02 (20% of GDP5) in a similar
vein as in Orsi et al. (2014). That is, the former authors tackle this issue via the utilization of a
three-sector DSGE model containing regular, underground and criminal firm-related activities.
Arguably, as in Orsi et al. (2014), high taxation and weak tax-enforcement can account for
the relatively high importance of the informal sector in Italy. In effect, both articles’ dynamic
simulations point out that the economy would be on the downward-sloping section of the Laffer
curve. Argentiero and Bollino (2015) also find that the official capital stock exhibits much
greater volatility than the one in the unobserved sector (underground plus criminal activities),
which in turn tends to render formal output more volatile relative to the informal one. In regard
to labor, however, the opposite happens, mainly because supplying labor in the informal sector
would be relatively more costly. What this result boils down to is that there are asymmetries
as to how swiftly capital reallocates across sectors: this input would tend to move faster from
the official towards the unofficial sector than the other way around.

Although Turnovsky and Basher (2009)’s model is deterministic and therefore it would not
strictly qualify as a DSGE model, it may be of interest for our purposes to dedicate some lines
to it. In their work, they address the so-called "recursive fiscal dilemma", by which low-income
countries suffering from structural informality do not succeed in raising more revenue by tax-
ing more the private sector because these increases in taxation encourage the reallocation of
resources from the formal to the informal sectors, thereby offsetting in the end the efforts of the
fiscal authorities to collect more revenues. According to the results obtained, the best strategy
for minimizing this dilemma would be to choose the right combination of taxation on capital-
and labor-incomes, and levels of fiscal inspections and tax enforcements, bearing in mind that
there may exist inter-temporal trade-offs associated with different fiscal policy mixes, whereby
future welfare increases at the cost of reducing present consumption and, thus, welfare.6.

5This estimated number is 2 percentage points higher than ISTAT’s estimation in 2010.
6Two additional papers that do not touch on fiscal issues but that are somehow related to our work would
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3 The model
This section develops a DSGE model featuring a two-sector closed economy with price and

wage stickiness, with the latter friction only existing in the formal sector. Unlike what has so
far been customary in DSGE models with informality, we discriminate between both types of
labor markets as an attempt to capture the fact that some labor institutions (like labor courts,
unions or minimum wages) may play an important role as "barriers to entry" in the official
market but not in the unofficial one. When it comes to the source of the informal economy,
however, we take the standard route largely followed in the literature: informal activities arise
from the optimizing behavior of the representative agents. In this sense, households decide ei-
ther to work in the shadow economy in order to circumvent the payment of labor-income taxes,
but at the cost of giving up on most of the social benefits they would otherwise be entitled
to, or to work in the official sector, which implies having to comply with their tax obligations
but being able to enjoy the welfare state. On the labor-demand side, the representative firm
faces the following decision: it has to choose whether it produces using inputs from the regular
sector, in which case it is subject to a tax on its revenues and to a social security contribution
or, conversely, it conceals its activity by producing in the underground economy. This latter
alternative renders the firm’s revenues untaxed but this agent will be monitored with some regu-
larity and if it is caught incurring tax evasion, it will be compelled to pay the due tax plus a fine.

Empirical evidence supporting the fact that individuals freely choose the sector –official ver-
sus unofficial– in which they operate can be found in some articles (Carneiro and Henley, 2001;
Menezes-Filho et al., 2004). These conclude that wage disparities across sectors are strongly
accounted for by workers’ non-observable characteristics. Such results reinforce the idea that
working in the informal market could be a desirable choice on the ground of inefficient labor
laws, low levels of human capital, or some non-pecuniary characteristics and benefits attached
to the informal jobs (Funkhouser, 1996; Marcoullier et al., 1997; Maloney, 1998, 1999, 2004).
The preceding findings run counter to the theory of labor market segmentation, which posits
a wage gap among similar individuals arising from the sector in which they work (Pero, 1992;
Cacciamali and Fernandes, 1993; and Fernandes, 1996). In effect, there exists abundant evi-
dence showing that wages tend to be lower in the unofficial economy (Pradhan and Van Soest,
1995; Maloney, 1998, 1999, 2004; Lehmann and Pignatti, 2007; Botelho and Ponczek, 2011,
inter alia). This would be consistent with the existence of a segmented labor market owing to
causes such as lack of formal jobs, mobility costs, labor unions, racial segregation and gender
discrimination (Dickens and Lang, 1985; Ulyssea, 2006; Barros, 2015).

The upshot is then that, according to evidence-based knowledge, informality can originate
from either optimizing behavior as well as from labor segmentation. This is in line with our
approach in this work since our model assumes no barrier to entry to the informal sector, im-
plying that it absorbs all the working force that does not find formal jobs, whether as salaried
workers or as self-employed ones. On the other hand, there are several labor market institutions
(minimum wages, labor courts, unions, etc.) prevailing in the market sector that give rise to
adjustment costs and wage rigidity. We deal with these imperfections by modeling Calvo-type

be Anand and Khera (2016) and Colombo et al. (2016). Due to space constraints, we refrain from reviewing
them.
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wage stickiness for the formal sector.

3.1 Households
3.1.1 Definition of consumption, saving and informal work

In the model there is a continuum of infinitely-lived households indexed by j ∈ [0, 1]. The
stand-in household seeks to maximize its intertemporal welfare by choosing the consumption
bundle, leisure and savings. Regarding this latter decision, the household is confronted with
the choice over which instrument to use, physical capital versus public bond. As for the labor
supply, this representative agent allocates the number of working hours between working in the
market sector and working in the informal sector, contingent upon the existence of rigidities
in the former sector which do not exist in the latter one. Hence, the stand-in household’s
maximization problem comes down to7:

max
Cj,t,Luj,t,Ij,t,Bj,t+1

Et
∞∑
t=0

βtSPt

{
C1−σ
j,t

1− σ − S
L
t

[
Ωm

Lmj,t
1+ψm

1 + ψm
+
Luj,t

1+ψu

1 + ψu

]}
(1)

subject to the following budget constraint in each period

Pt(1 + τ ct )(Cj,t + Ij,t) + Bj,t+1

RB
t

= (1− τ lt )Wm
j,tL

m
j,t +W u

j,tL
u
j,t +RtKj,t +Bj,t − Tj,t (2)

and to the standard law of motion for capital

Kt+1 = (1− δ)Kt + It (3)

where Et is the expectation operator; β is the intertemporal discount factor; ψm and ψu are
the marginal disutility of labor in the market sector and the informal sector8, respectively;
0 < Ωm < 1 is a parameter capturing the better situation of formal workers relative to the
informal ones as a result of the lack of access to social benefits in the underground economy;
σ is the coefficient of relative risk aversion; C denotes consumption; Lm and Lu represent the
amount of hours worked in the formal and informal markets, respectively; P is the price level; I
refers to private investment; B is a one-year government bond whose rate of return is RB; Wm

and W u are the levels of formal and informal wages, respectively; and K is the stock of capital
with a rate of return R. The government’s influence over the household decision-making process
comes about through two distortionary taxes —a consumption tax, τ ct , and a labor-income tax,
τ lt— and a non-distortionary one –a lump-sum tax, T.

We also consider two demand-side shocks in the model: SP would be an intertemporal
preference shock meant to capture short-run switches in consumer’s tastes, whereas SL would
denote shocks to this agent’s preferences toward leisure.

logSPt = (1− ρP ) logSPss + ρP logSPt−1 + εP,t (4)

logSLt = (1− ρL) logSLss + ρL logSLt−1 + εL,t (5)
7The utility function used in this work follows Argentiero and Bollino (2015).
8It is reasonable to expect that ψm < ψu, for the marginal disutility of labor should be greater in the informal

sector due to the lack of social protection.
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where ρP and ρL are the autoregressive components of these two shocks and where εP,t ∼
N(0, σP ) and εL,t ∼ N(0, σL).

Solving the household’s maximization problem yields the following first-order conditions:

SLt C
σ
j,tL

u
j,t
ψu =

W u
j,t

Pt(1 + τ ct ) (6)

SPt C
−σ
j,t = βEt

{
SPt+1C

−σ
j,t+1

[
(1− δ) + Rt+1

Pt+1(1 + τ ct+1)

]}
(7)

SPt C
−σ
j,t

Pt(1 + τ ct ) = RB
t βEt

[
SPt+1C

−σ
j,t+1

Pt+1(1 + τ ct+1)

]
(8)

The equation (6) describes the informal supply of labor –the intra-temporal choice–, while
equations (7) and (8) show the Euler equations for physical capital and the government bond,
respectively.

3.1.2 Formal sector wage determination

Households’ choice over the wage level involves the assumption that they supply differen-
tiated labor under a monopolistically competitive framework. This service is sold to a repre-
sentative labor-aggregating firm which combines all those different labor services into a single
input by means of the following technology:

Lmt =
(∫ 1

0
Lmj,t

ϕmt−1
ϕmt dj

) ϕmt
ϕmt−1

(9)

where Lmj,t is the amount of differentiated labor in the formal sector supplied by the household
j, and ϕmt is the elasticity of substitution between differentiated labor inputs, subject to the
following law of motion:

logϕmt = (1− ρϕm) logϕmss + ρϕm logϕmt−1 + εϕm,t (10)

where ρϕm is the autoregressive component of that shock, and εϕm,t ∼ N(0, σϕm).

Provided the labor-aggregating firm operates under perfect competition, the aggregate wage
level can be expressed as:

Wm
t =

(∫ 1

0
Wm
j,t

1−ϕmtdj
) 1

1−ϕmt (11)

with Wm
j,t being the wage that each type of labor j receives.

Thus, this firm’s demand for each differentiated labor j can be stated as:

Lmj,t = Lmt

(
Wm
t

Wm
j,t

)ϕmt
(12)
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In setting the market sector wage level, the household seeks to solve the following problem:

max
Wm
j,t

∗
Et

∞∑
i=0

(βθW )i
{
−SPt+iSLt+iΩm

(
Lmj,t+i

1+ψm

1 + ψm

)
+ λj,t+i

[
(1− τ lt+i)Wm

j,t
∗Lmj,t+i

]}
(13)

subject to equation (12). Hence, the first-order condition for the previous problem is:

Wm
j,t
∗ =

(
ϕmt

ϕmt − 1

)
Et

∞∑
i=0

(βθW )i
[
Ωm

Cσ
j,t+iS

L
t+iL

m
j,t+i

ψmPt+i(1 + τ ct+i)
(1− τ lt+i)

]
(14)

Notice that the labor market segmentation in the formal sector gives rise to a mark-up
over the marginal rate of substitution between consumption and hours worked in that sector,
something that is not seen in the informal sector.

Lastly, the aggregate wage level in the market sector is given by:

Wm
t =

[
θWW

m
t−1

1−ϕmt + (1− θW )Wm
t
∗1−ϕmt

] 1
1−ϕmt (15)

Proposition 3.1 (Informal labor supply decisions). Let the combination of equations (6) and
(14) constitute the criterion on which households base their labor supply decisions. The informal
sector will be greater, the higher the relative wage in the aforementioned sector,

(
Wu

Wm

)
; the

greater the markup of the formal wages,
(

ϕm
ϕm−1

)
; the greater the tax rate on labor income, τ l;

and the greater the number of households not allowed to change their wages, θW .

Proof. Assuming that the economy is in its steady state and the fact that households decide
the amount of work they are willing to supply through the equations (6) and (14), the informal
labor supply in relative terms is:

Lu =
{(

1
1− βθW

)(
W u

Wm

)(
ϕm

ϕm − 1

)( 1
1− τ l

)} 1
ψu

Lm
ψm
ψu

Let the differentiation of the preceding equation be given by the following equations:

∂Lu

∂
(
Wu

Wm

) = 1
ψu

{(
1

1− βθW

)(
ϕm

ϕm − 1

)( 1
1− τ l

)} 1
ψu

Lm
ψm
ψu

(
W u

Wm

) 1
ψu
−1

∂Lu

∂
(

ϕm
ϕm−1

) = 1
ψu

{(
1

1− βθW

)(
W u

Wm

)( 1
1− τ l

)} 1
ψu

Lm
ψm
ψu

(
ϕm

ϕm − 1

) 1
ψu
−1

∂Lu

∂τ l
= 1
ψu

{(
1

1− βθW

)(
W u

Wm

)(
ϕm

ϕm − 1

)} 1
ψu

Lm
ψm
ψu

( 1
1− τ l

) 1
ψu

+1

∂Lu

∂θW
= β

ψu

{(
W u

Wm

)(
ϕm

ϕm − 1

)( 1
1− τ l

)} 1
ψu

Lm
ψm
ψu

(
1

1− βθW

) 1
ψu

+1

Since: ∂Lu

∂( Wu

Wm ) > 0; ∂Lu

∂( ϕm
ϕm−1) > 0; ∂Lu

∂τ l
> 0; and ∂Lu

∂θW
> 0.
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3.2 Firms
There are two types of firms in this economy: intermediate-good producers (wholesale), and

final-good producers (retail). The former sector consists of a large number of firms, with each
of them supplying differentiated goods. These wholesale firms face a two-fold decision: (i) the
amount of inputs whether purchased in the market sector or in the shadow economy, to use
in the production process, and (ii) the price of the good they will charge. By contrast, in the
retail sector there is only a firm that, by employing a given technology, bundles the intermediate
goods into a single good to be consumed by economic agents.

To fully achieve this task, this bundler buys a big amount of intermediate goods, which are
used as inputs in the production process. It then follows that the retailer must maximize the
following objective function:

max
Yj,t

PtYt −
∫ 1

0
Pj,tYj,tdj (16)

subject to the constraint:

Yt =
(∫ 1

0
Yj,t

ϕ−1
ϕ dj

) ϕ
ϕ−1

(17)

The first-order condition for the final-good producer’s maximization problem can be written
as:

Yj,t = Yt

(
Pt
Pj,t

)ϕ
(18)

and the general price level is:

Pt =
(∫ 1

0
Pj,t

1−ϕdj
) 1

1−ϕ
(19)

3.2.1 Intermediate goods-producing firm

This firm solves its problem in two steps. First, at the prevailing input prices and tax rates,
it hires capital and labor in the official and unofficial sectors in order to minimize the total cost
of production. This step can in turn be split into two cost-minimization problems: one for the
market sector and one for the informal sector.

Market sector

Arguably, the government is able to track down all transactions made in the official sector.
In this way, the wholesaler is faced with payment obligations such as payroll taxes, τ s, and a
corporate tax9, τ corp. Thus, the firm’s minimization problem takes the following form:

min
Lmj,t,Kj,t

(1 + τ st )Wm
t L

m
j,t +RtK

m
j,t + τ corpt PtY

m
j,t (20)

subject to the constraint:

Y m
j,t = Amt K

m
j,t
αLmj,t

1−α (21)
9This tax enters the objective function as an additional cost.
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where τ s and τ corp are, respectively, the payroll-tax rate and the corporate tax rate, α refers
to the capital’s share of output10, and Am is the level of total factor productivity in the official
sector11, whose law of motion is:

logAmt = (1− ρAm) logAmss + ρAm logAmt−1 + εAm,t (22)

where ρAm is the autoregressive component of this shock and εAm,t ∼ N(0, σAm).

The first-order conditions for the previous problem are given by:

Lmj,t = (1− α) (MCm
t − τ

corp
t Pt)

[
Y m
j,t

(1 + τ st )Wm
t

]
(23)

Km
j,t = α (MCm

t − τ
corp
t Pt)

(
Y m
j,t

Rt

)
(24)

where MCm
t is the firm’s marginal cost in the market sector, and equations (23) and (24) rep-

resent the demands for labor and capital in the same sector.

Informal sector

While, as mentioned above, all the production activities taking place in the formal sector
are known by the fiscal authorities, this is not true for the case of output being produced in the
unofficial sector. There, firms intentionally conceal their output for purposes of tax evasion. In
each period, they face a probability (pr) of being inspected by the fiscal authority, so that if
they are charged with a tax fraud crime, they will be required to pay the due tax plus a fine
(s). Therefore, a firm operating in this sector seeks to solve the following problem:

min
Luj,t,K

u
j,t

W u
t L

u
j,t +RtK

u
j,t + prtsτ

corp
t PtY

u
j,t (25)

subject to the constraint:

Y u
j,t = AutK

u
j,t
αLuj,t

1−α (26)

with the law of motion:

logAut = (1− ρAu) logAuss + ρAu logAut−1 + εAu,t (27)

where ρAu is the autoregressive component of that shock and εAu,t ∼ N(0, σAu).

As laid out before, we assume the existence of sector-specific technology shocks intended to
capture potentially large intersectoral differences in labor productivity. This property is con-
sistent with the empirical evidence, which points to a human capital gap in the informal labor
market relative to the formal one (Marcelli et al., 1999, Gallaway and Bernasek, 2002). More
specifically, informal work tends to concentrate in low-productivity sectors, such as agriculture,
construction and some service segments. On the contrary, the weight of informal labor is small
in those high-productivity sectors, such as processing industries and, especially, extractive in-
dustries (mining) and financial intermediation. In this regard, Barbosa-Filho and Veloso (2016)

10Without loss of generality, the value of this parameter will be identical in both sectors.
11It is taken to be different from the level of productivity in the informal sector.
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provide figures for Brazil’s agriculture sector and processing industry in 2013 that lend support
to this evidence.

The probability of inspection by the fiscal authority follows an autoregressive process:

log prt = (1− ρpr) log prss + ρpr log prt−1 + εpr,t (28)

where ρpr is the autoregressive component of this inspection shock and εpr,t ∼ N(0, σpr).

Solving the above minimization problem, we are left with the following first-order conditions:

Luj,t = (1− α) (MCu
t − prtsτ

corp
t Pt)

(
Y u
j,t

W u
t

)
(29)

Ku
j,t = α (MCu

t − prtsτ
corp
t Pt)

(
Y u
j,t

Rt

)
(30)

where MCu
t is the informal firm’s marginal cost. Equations (29) and (30) denote, respectively,

the demands for labor and capital in the unofficial sector.

Proposition 3.2 (Informal labor demand decisions). Let equations (23) and (29) determine
the criterion upon which firms base their labor demand decisions in the underground economy.
Informality will be greater, the higher the social security contribution, τ s; the lower the prob-
ability of being fined by the fiscal authority, pr ; the higher the tax rate on the firm’s revenues,
τ corp; and the higher the relative formal wage,

(
Wm

Wu

)
.

Proof. Assuming that the economy is in its steady state, and that firms decide the amount
of informal labor demanded as described by equations (23) and (29), the relative demand for
informal labor is:

Lu =
[
(1 + τ s)

(1− prsτ corp
1− τ corp

)(
Wm

W u

)]
Lm

Let the differentiation of the preceding equation be determined by the following equations:

∂Lu

∂τ s
=
[(1− prsτ corp

1− τ corp
)(

Wm

W u

)]
Lm

∂Lu

∂pr
= −

[
(1 + τ s)

(
sτ corp

1− τ corp
)(

Wm

Wu

)]
Lm

∂Lu

∂τ corp
=
[

1− prs
(1− τ corp)2

] [
(1 + τ s)

(
Wm

W u

)]
Lm

∂Lu

∂
(
Wm

Wu

) =
[
(1 + τ s)

(1− prsτ corp
1− τ corp

)]
Lm

Given that: ∂Lu

∂τs
> 0; ∂Lu

∂pr
< 0; ∂Lu

∂τcorp
> 0; and ∂Lu

∂(Wm

Wu ) > 0.
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Total cost and marginal cost

Thus far, the firm has been assumed to choose the amount of inputs that minimizes its
cost (including both the formal and informal sectors). The next step is to set the price of the
good the firm sells. If we make the assumption that the output produced in both sectors is
identical, Y m

j,t and Y u
j,t reduce to Yj,t. Following the work of Busato and Chiarini (2004), the

economy-wide total cost is just the sum of both sectors’ total costs:

TCt = Yj,t
Amt

[
(1 + τ st )Wm

t

(1− α)

]1−α (
Rt

α

)α
+ Yj,t
Aut

[
W u
t

(1− α)

]1−α (
Rt

α

)α
+ (1 + prts)τ corpt PtYj,t (31)

And the marginal cost follows this expression:

MCt = 1
Amt

[
(1 + τ st )Wm

t

(1− α)

]1−α (
Rt

α

)α
+ 1
Aut

[
W u
t

(1− α)

]1−α (
Rt

α

)α
+ (1 + prts)τ corpt Pt (32)

3.2.2 Calvo pricing

An intermediate goods-producing firm must set the price of its good according to the Calvo
rule (Calvo, 1983). There is a probability θ that this wholesale firm keeps its price fixed in the
next period and a probability (1 − θ) of setting it optimally. Once the price has been set in
period t, there is a probability θ that this price will remain fixed in period t+1, a probability
θ2 that this price will remain fixed in period t+2, and so on. Accordingly, this firm should take
into account these probabilities when setting the price of its own good. The problem of the
firm that adjusts the price of the good in period t is then:

max
P ∗
j,t

Et
∞∑
i=0

(βθ)iYj,t+i
(
P ∗j,t −MCj,t+i

)
(33)

subject to equation (18).

After some rearrangement, the first-order condition of this maximization problem is given
by:

P ∗j,t =
(

ϕ

ϕ− 1

)
Et

∞∑
i=0

(βθ)iMCj,t+i (34)

Combining now the pricing rule (19) with the assumption that all price-changing firms set
an equal price and that price-maintaining firms leave the price unaffected –since they share the
same technology–, yields the overall final price:

Pt =
[
θPt−1

1−ϕ + (1− θ)Pt∗1−ϕ
] 1

1−ϕ (35)
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3.3 Government
In the model the government comes into the picture by splitting itself into two different

entities: a fiscal authority and a monetary authority. The former is held responsible for con-
ducting fiscal policy, while the latter pursues the price stability through a Taylor rule.

3.3.1 Fiscal authority

The government’s budget constraint can be represented by:

Bt+1

RB
t

−Bt = PtGt − TAXt − prtsτ corpt Y u
t Pt (36)

And the tax collection would be:

TAXt = τ ct Pt(Ct + It) + τ corpt Y m
t Pt + (τ lt + τ st )Wm

t L
m
t + Tt (37)

The government avails itself of a number of fiscal instruments to achieve its goals. On the
spending side, the main one would be public expenditure, Gt. As for the revenue-generating
tools, the government can resort to Tt, τ ct , τ

corp
t , τ lt and τ st . All these instruments follow the

same fiscal policy rule:

Zt
Zss

=
(
Zt−1

Zss

)γZ ( Bt

Yt−1Pt−1

YssPss
Bss

)(1−γZ)φZ
SZt (38)

where Z = {Gt, Tt, τ
c
t , τ

corp
t , τ lt , τ

s
t }.

The fiscal shock can be given by:

logSZt = (1− ρZ) logSZss + ρZ logSZt−1 + εZ,t (39)

where ρZ is the autoregressive component of this shock, and εZ,t ∼ N(0, σZ).

Finally, total tax evasion (TE) is given by:

TEt = (τ lt + τ st )W u
t L

u
t + (1− prt)τ corpt Y u

t Pt (40)

3.3.2 Monetary authority

The Central Bank’s task is twofold: to foster output growth and to attain price stability.
In order to accomplish this dual goal, it pursues a simple Taylor rule:

RB
t

RB
ss

=
(
RB
t−1
RB
ss

)γR [( Yt
Yss

)γY ( πt
πss

)γπ](1−γR)

Smt (41)

where γR is a parameter governing the stabilization of the movements in the interest rate and
γY and γπ represent the sensibilities of the interest rate to output and to the inflation rate,
respectively. Smt is the monetary shock, which abides by the following expression:

logSmt = (1− ρm) logSmss + ρm logSmt−1 + εm,t (42)
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where ρm is the autoregressive component of that shock and εm,t ∼ N(0, σm).

Finally, the gross inflation rate can be defined as:

πt = Pt
Pt−1

(43)

3.4 Equilibrium conditions
Lastly, in order to close the model, the following equilibrium conditions are needed:

Equilibrium condition in the goods market:

Yt = Ct + It +Gt (44)
Aggregate intermediate output:

Yt = Y m
t + Y u

t (45)
Aggregate capital stock:

Kt = Km
t +Ku

t (46)
Aggregate labor:

Lt = Lmt + Lut (47)
From the above equations, it follows that a firm can produce its output using only inputs

from the market sector. Consequently, inputs from the underground economy would not be
strictly necessary in the production of final output. This means that in this model production
in the informal sector occurs because firms are given the possibility of evading taxes by reallo-
cating their total –or partial– output to the shadow economy.

4 Analysis of the results

4.1 Comparison of the estimated series of informality with those of
PNAD

In this section we compare the estimated informality series12 with those provided by PNAD13.
The results are displayed in Figure 1 and in Table 1.

12The estimates derived in this work are reported in the Appendix B.
13PNAD employs the direct method so as to calculate three different measures of informality:

Level of informality-definition I - (%) = A+B

A+B + C

Level of informality-definition II - (%) = A+B +D

A+B + C +D + E

Level of informality-definition III - (%) = A+B

A+B + C + E
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Figure 1 showcases a comparison between the series of informality estimated by the model
(black) and those obtained by PNAD through the direct method (definition I: blue, definition
II: green, and definition III: red). The estimated series has been annualized using the mean of
the quarterly values. It is worth noting that its trend bears a strong resemblance to that of the
series derived via the direct methods. A visible divergence arises from 2013 onwards –beginning
of the current Brazilian crisis– when the estimated level of informality falls more slowly than
those supplied by PNAD.

Figure 1: Comparison of the estimated series of informality with definitions I, II and III of
informality provided by PNAD, all filtered using the Hodrick-Prescott filter. Source: authors’
calculations.

Table 1 displays the correlation coefficients of those series. Relative to the value associated
with the estimated series, the results for the definitions I, II and III were, respectively, 0.7903,
0.7896 and 0.7947. Remarkably, all of them are well above the critical value for statistical
significance at 95% level, 0.576.

Briefly, from a visual inspection of Figure 1, and a statistical analysis of Table 1, it is safe to
say that the model does a good job of estimating an informality series. This would constitute
important evidence that microfoundations present in this class of models would play a relevant
role in accounting for the behavior of the Brazilian shadow economy.

4.2 Policies that affect the underground activity
From a theoretical perspective, the propositions (3.1) and (3.2) already showed which vari-

ables and parameters have a long-run (steady-state) effect on informality. In this section we

where A are workers without labor contracts, B are self-employed workers, C are workers under a labor
contract, D are unpaid workers and E are employers.
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Table 1: Correlation coefficients, using the time span 2003-2014. Source: authors’ calculations.

model definition I definition II definition III
1.0000 0.7903 0.7896 0.7947 model

1.0000 0.9989 0.9989 definition I
1.0000 0.9997 definition II

1.0000 definition III

present the quarterly impulse-response functions (IRF) for those variables. For the sake of clar-
ity, we split the whole set of shocks into two differentiated groups, namely firm-related variables
and household-related variables, depending on which economic agent is being affected by the
shock.

4.2.1 Firm-related variables affecting the underground activity

Figure 2 exhibits the IRF for a tax cut on the formal firm’s revenue. On impact, this tax
shock brings about a temporarily (two periods) lower tax collection, which forces the govern-
ment to cut back on expenditure as a way to prevent sharp increases in the public debt to GDP
ratio. Despite these offsetting expenditure-cutting measures, the tax cut leads to a temporary
deterioration in debt dynamics that dies out after three quarters, followed by a subsequent fall
over twelve quarters.

In addition, economy-wide output is hit hard on impact, although it bounces back some-
what due to the marked improvement in the official production. Notwithstanding that, the
permanently lower unofficial output becomes a drag in net terms on total production over the
entire simulation period. Turning to the labor market, the recessionary effects ensuing from
this tax cut on the formal labor supply only last about two quarters, after which this variable
reaches again its initial level. On the other hand, hours worked in the unofficial sector de-
cline on impact, taking them eighteen quarters to return to their initial steady-state (SS) level.
Moreover, consumption rises at the cost of investment. This is explained because consumers are
induced to spend more throughout the whole temporal horizon, which tends to squeeze savings
as households now have fewer resources at their disposal. As a consequence, investment has to
decrease permanently.

In a nutshell, a corporate-tax cut is found to have long-lasting effects on informality, both
when it comes to production and when it comes to the labor market. In addition, this fiscal
measure reduces total output via two channels: (i) there is not an offsetting movement in formal
output, and (ii) investment plummets.

Figure 3 reports the IRF corresponding to a shock to the probability of (the firm) being
inspected by the fiscal authority. An enforcement measure such as this stimulates output in
both sectors. Nonetheless, the effect on formal production is short-lived (two quarters). On
the labor side, formal hours worked increase on impact but this positive effect quickly fades
away after two quarters. Likewise, the informal labor supply rises on impact as well, although
it goes back down to the initial level over time.

It is plausible that a firm that has been inspected and compelled to formalize workers from
the unofficial sector ceases to hire (at least partially) all the formal workers it intended to before
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Figure 2: Decrease in the corporate tax rate on the formal firm. Source: authors’ calculations.

being subject to the inspection. The higher costs resulting from the inspection would prompt
the firm to stop hiring from the market sector (Corseuil et al., 2016). Along the same lines,
Almeida and Carneiro (2009) suggest that a more intense inspection, while on the one hand
inhibits the use of informal labor contracts, on the other hand, it imposes a greater burden on
firms, which react by reducing new hirings.

As for the fiscal variables, a higher possibility of being inspected strengthens tax collection
and causes a reduction in the debt to GDP ratio, thereby making room for the government to
raise its current spending. Concerning aggregate demand, households would rather save than
consume, which gives rise to an increase in investment that, along with a higher public spend-
ing, more than make up for the fall in private consumption. Consequently, aggregate demand
would increase.

The third policy influencing the firm’s behavior is a reduction in the social security con-
tribution borne by the employer (Figure 4). While this policy encourages formal activity, it
does not succeed in promoting economy-wide production, since the fall in the unofficial output
compensates for the upward movement in the official output, therefore becoming a wash. On
the demand side, households increase consumption and decrease the acquisition of investment
goods. Other variables are hardly affected by this measure.

4.2.2 Household-related variables affecting the underground activity

Figures 5 and 6 show a tax cut on labor income and an increase in the elasticity of substi-
tution of labor in the market sector, respectively. Even though these policies target households
at a first stage, the outcomes are akin to those of a decrease in the social security contribution
borne by the firm. Both shocks lead to an increase in production and hours worked in the offi-
cial sector and a fall of the same variables in the informal sector. On a net basis, none of these
aggregate variables experiences significant changes. It is worth highlighting the improvement
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Figure 3: Increase in the probability of the firm being inspected by the fiscal authority. Source:
authors’ calculations.

Figure 4: Decrease in the social security contribution borne by the firm. Source: authors’
calculations.
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on the fiscal side of the economy. Specifically, tax revenues rise and the debt to GDP ratio drops.

Figure 5: Decrease in the labor-income tax rate. Source: authors’ calculations.

Figure 6: Increase in the elasticity of substitution of labor. Source: authors’ calculations.

4.2.3 Shock decomposition relative to the level of informality

Figure 7 exhibits the decomposition of shocks over the period studied. For illustrative
purposes, all the demand-side shocks considered in this exercise (preference, labor supply, mon-
etary, consumption tax, government expenditure and lump-sum tax) were grouped together
into a single category. From Figure 7-a, it can be noted that the shocks having a greater
influence on informality are the demand-side shocks and the corporate tax. Given that the
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latter shock relates to the firm’s decision regarding how much to produce in the underground
economy, it deserves particular attention. The third graph pertaining to Figure 8 presents the
model estimate for this variable, τ corp. Basically, until 2009 this variable remained above its
steady-state value, and thereafter it started declining until 2015. So, in comparing this behavior
to the shock-decomposition graph (Figure 7-a), it is easy to realize that the aforesaid variable
was instrumental in increasing the shadow economy until 2009 and it was also a major factor
behind the fall of the informal activity in that second period.

A second shock-decomposition exercise that we undertake is to divide all the shocks in the
model into those affecting the household and those affecting the firm (Figures 7-b and 7-c re-
spectively). Among the former group, only did the labor-income tax have a significant effect
on informality, for ϕm remained quite stable over the period considered (sixth graph of Figure 8).

The second graph of Figure 8 displays the behavior of the probability of (the firm) being
audited and found guilty by the fiscal authority. In spite of the negligible effect of a greater
law enforcement on the underground economy (Figures 7-a and 7-c), it is worth noting that
the Brazilian government has long striven to curb informality. In 1995 the Brazilian Ministry
of Labor and Employment (MTE, in Portuguese) drafted a report whereby the Secretariat of
Labor Inspection (SIT, in Portuguese) was tasked with enhancing the profile of the labor in-
spection. Subsequently, this document sparked a number of changes all seeking to raise the
efficacy of these inspections. Naturally, this increased concern about the issue at hand was, to
a great extent, driven by the need to rein in the deterioration of fiscal finances.

A better way to gauge the size of the effect of each shock on the unofficial economy seems
to be the "informality-level multiplier".

Definition 4.1 (Informality-level multiplier). It is the ratio change in the level of informality
(∆(Lu/L)) to change in the policies that affect that informal activity(∆Z)14:

Cumulative informality-level multiplier =
∑N
j=0 ∆(Lu/L)t+j∑N

j=0 ∆Zt+j
Table 2 shows the results of this computation at a horizon of 40 quarters. Through this

experiment, we corroborate the importance of the corporate tax in accounting for the shadow
economy in Brazil.

4.3 Fiscal adjustment in an informal economy
We next set out to analyze the macroeconomic effects of fiscal adjustments for different

levels of informality. Toward this end, we run a counterfactual exercise whereby the emerging
economy for which we calibrate and estimate our model, Brazil, can enjoy lower levels of unoffi-
cial activity in the labor market than it does in the real world. Clearly, to fully understand the
interplay between fiscal austerity and the shadow economy, a benchmark economy with smaller
informal sectors is needed. Hence, we study how fiscal consolidations play out under three
different sizes of this variable: (i) full-fledged developed economy (low level of labor informal-
ity, 10%); (ii) underperforming developed economy (medium-sized labor informality, 30%); and

14Z ∈ {pr, τ corp, τs, τ l, ϕm}.
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Figure 7: Shock decomposition. Source: authors’ calculations.
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Figure 8: Causes of informality over the span of time studied. Source: authors’ calculations.

Table 2: Informality-level multipliers for pr, ϕm, τ corp, τ l and τ s. Source: authors’ calculations.
quarters pr ϕm τ corp τ l τs

4 0.0661 -0.0341 1.5261 0.0387 0.0996
8 0.0591 -0.0491 1.3117 0.0491 0.0994
12 0.0558 -0.0543 1.0936 0.0528 0.1005
16 0.0557 -0.0579 0.9260 0.0548 0.1018
20 0.0567 -0.0606 0.7939 0.0560 0.1021
24 0.0578 -0.0627 0.6905 0.0568 0.1013
28 0.0585 -0.0641 0.6094 0.0571 0.0997
32 0.0585 -0.0647 0.5447 0.0570 0.0975
36 0.0579 -0.0648 0.4919 0.0565 0.0947
40 0.0565 -0.0642 0.4479 0.0556 0.0915
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(iii) developing/emerging economy (high level of informality in its labor market, 50%)15. The
values of each shock used in this experiment are16: εG = 0.1262; εT = 1.1972; ετc = 0.2778;
ετcorp = 0.6758; ετs = 1.0026; and ετ l = 0.1682. The main reason why running a quantita-
tive test like this may be relevant is that currently a non-negligible proportion of the world’s
economies find themselves in situations of unprecedented fiscal distress, with high and rising
debt to GDP ratios at a time when demographic factors are placing strong spending pressures
on the public pension systems. Brazil is no exception in this regard, whose public debt to
GDP ratio is on an explosive trajectory, which calls for urgent fiscal consolidation measures.
If governments are to accelerate, or even initiate, austerity programs, being fully aware of the
effects of these fiscal adjustments on an economy with varying degrees of informality appears
imperative.

Figure 9 plots the results of cutting government current expenditure. On impact, slashing
public spending is found to boost total output for the three levels of informality. Despite that,
in the full-fledged developed economy (10% of informality) economy-wide production thereupon
plunges for twelve quarters. However, a recession of this sort does not occur in the remaining
economies, the reason being that the larger the shadow economy is, the smaller is the recession-
ary effect on official output of the austerity policy. It should be mentioned that cutting current
expenditure in an economy with a large informal sector does not appear to have a meaningful
impact on the unregistered output. A similar outcome is seen in the labor market. As far as the
fiscal variables are concerned, the spending retrenchment is more beneficial in the presence of
large underground economies, since tax revenues barely change and debt dynamics significantly
improves.

Figure 9: Government expenditure cut. Source: authors’ calculations.

A fiscal contraction based on higher lump-sum taxes is shown in Figure 10. This restrictive
fiscal policy immediately impairs total economic activity for two quarters, regardless of the level

15From here onwards, throughout this section we use the term developed economies to refer to an emerging
economy, like Brazil, with a lower steady-state informal sector, as those seen in the industrialized world.

16The estimates are presented in the Appendix A.
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of informality. Yet, from there onwards production fares better in the economy with low levels
of informality. Again, the labor market’s behavior mirrors that of the goods market. Likewise,
the fiscal position of those developed economies with small underground sectors benefits more
in relative terms from this measure, as both tax collection and public debt to GDP recover
faster.

Figure 10: Increase in a lump-sum tax. Source: authors’ calculations.

The results of a hike in the consumption-tax rate are given in Figure 11. Total output
behaves better in the economy with the largest informal sector (50%) because the pronounced
increase in the underground activity dominates the relatively greater temporary fall in formal
output. Over the first two quarters the latter also is positively affected. For the remaining sizes
of the shadow economy (10% and 30%), the economy-wide production is less influenced by the
smaller changes in the formal and informal output.

By contrast, when we turn to the fiscal side, the less developed economy compares unfa-
vorably with the other two. For the former kind of economies, there is a rise in tax evasion
which deteriorates tax revenues, as well as debt dynamics. This is the other side of the coin
when we looked into the goods markets, where the underground sector supported the aggregate
economic activity after the tax shock. On the other hand, for low levels of informality, raising
consumption taxes leads to increases in tax revenues and in reductions in the debt to GDP
ratios. Remarkably, in times of fiscal crisis, it would pay off for countries with small shadow
economies to rely on consumption-tax increases to combat budget deficits17.

Figures 12 and 13 plot a fiscal adjustment implemented by means of a hike in a tax on
the formal firm’s revenue and of a higher social security contribution borne by the firm, re-

17A word of caution is in order here: our approach abstracts from income distribution considerations. An
analysis covering the distributional effects of these fiscal measures should not ignore the fact that the burden
of consumption taxes as a proportion of income is higher for the most vulnerable population groups. While
this policy change would increase revenue and reduce the debt to GDP ratio without negative consequences for
overall output, it could hurt the poor.
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Figure 11: Increase in the consumption tax rate. Source: authors’ calculations.

spectively. These two measures affect the firm’s decision as to where to produce, in the formal
versus the informal sector. Given that the results of both policies are similar, they will be
discussed jointly. The larger the underground economy is, the bigger the negative effect on the
formal output. Regarding aggregate production, the fully developed economy will be harder
hit by these shocks. In return, a fiscal austerity program based on those tax increases is likely
to be more successful in economies with low degrees of informality, since in the underdeveloped
economies the fiscal side (tax collection and debt dynamics) worsens substantially as a result
of an expressive growth of tax evasion.

Figure 12: Increase in the tax rate on the formal firm’s revenue. Source: authors’ calculations.

The only fiscal instrument that has a significant effect on hours supplied in the informal
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Figure 13: Increase in the social security contribution borne by the firm. Source: authors’
calculations.

sector is the labor-income tax (Figure 14). The smaller the underground economy is, the worse
the outcome in the goods market. The same is true with regard to the labor market. When
it comes to fiscal variables, fully developed economies perform better when this tax measure is
carried out, which coincides with the findings of the other tax-based measures.

Figure 14: Increase in the tax rate on labor income. Source: authors’ calculations.
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5 Conclusions
In this work we intend to contribute to a better understanding of the macroeconomic causes

of the shadow economy in developing and emerging markets. At the same time, we attempt to
shed some light on the interplay between fiscal shocks and informality and its ensuing effects
on the macroeconomy. With these aims in mind, we first estimate a quarterly series of labor
informality for the Brazilian economy through a DSGE model. The estimated series, whose
average value amounts to 49.57% of the labor force, successfully emulates the behavior of the
main series provided by PNAD. Second, by use of the same model, we show how a battery
of policy measures and shocks affect the allocation of resources across sectors and hence, the
size of the informal economy itself. Additionally, we also examine the effects of those policies
and shocks on macroeconomic variables, such as consumption, investment, employment, public
debt, etc. Our findings point to the fact that the corporate tax and, to a lesser degree, the
labor-income tax and the demand-side factors, appear to play an important role in explaining
the evolution of the shadow economy.

As a third step, we investigate which fiscal tools are the less damaging in terms of economic
performance in less developed economies facing fiscal crises. To provide a useful benchmark for
our experiment, against the average size of the underground economy (in the labor market) usu-
ally seen in underdeveloped countries (around 50% of total labor force), we also consider lower
levels of labor informality such as those corresponding to fully developed economies (around
10%) and underachieving developed economies (around 30%).

The quantitative estimations that we conduct underline that cutting government current
spending when the informal labor market is very large (50% or above) need not be costly in
terms of output losses and may even spur formal economic activity. In addition, it does not
undermine tax collection and can improve debt dynamics. Therefore, less developed countries
such as Brazil suffering fiscal woes should prioritize spending-cutting measures in their designed
fiscal adjustment programs. On the contrary, barring the lump-sum tax, in these economies
with high levels of informality tax-based fiscal consolidations would aggravate public debt sus-
tainability and lower tax revenues, although this restrictive fiscal policy need not trigger an
economic downturn due to the offsetting emergence of the underground economy.

As a caveat, we should point out that policies seeking to formalize underground activities
might prove ineffective if policy-makers do not tackle the deep-rooted causes whereby the elas-
ticity of substitution of labor could be low. As laid out before, a low value for this variable is
tied to a high degree of rigidity in the formal labor market. This is why policy-makers are sug-
gested to take into consideration workers and wages heterogeneity when designing their fiscal
policy packages. In the presence of a highly rigid formal labor market, social protection and
inclusion policies should be targeted at low-wage workers.
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Appendix A: Structural estimation
This appendix contains the data processing procedure and the methodology for structural

estimation.

Data processing
The model was estimated using quarterly date spanning 2002:Q1-2014:Q4 (fifty-two quar-

ters). The observable variables were chosen on the ground that they could provide useful
information in the estimation of the underground economy. Table 3 gives the eleven observable
variables used in this article. To process data, we employed the software X12-ARIMA. In addi-
tion, we included two measurement errors into the endogenized equations of the inflation rate
–to compensate for the changes caused by administered prices–, and of the government tax col-
lection –to compensate for the changes due to the simplification of the model on the fiscal side18.

Table 3: Observable variables. Source: own elaboration.
Variable Series Source

C Final consumption – Households – R$ (millions) IBGE/SCN 2000 Trim.
G Final consumption – Government – R$ (millions) IBGE/SCN 2000 Trim.
I Gross fixed capital formation – R$ (millions) IBGE/SCN 2000 Trim.
L Number of hours paid – Industry – Index (Jan. 2001 = 100) PIMES/IBGE
π IPCA (%) IBGE/SNIPC

RB Selic Over – Key policy interest rate (%) BCB Boletim/M. Finan.
TAX Federal gross tax collection – R$ (millions) Min. Fazenda/SRF

τ lWmLm Income tax – R$ (millions) Min. Fazenda/SRF
τ corpY mP Corporate tax – R$ (millions) Min. Fazenda/SRF
τ c(C + I)P Consumption taxes – ICMS and IPI – R$ (millions)) Min. Fazenda/SRF

B Total debt – Government – net terms (% GDP) Bacen/Not. Imp./F. Pb

Calibrated parameters, prior and posterior
In this section of the Appendix A we pursue a two-tier approach in that some of the pa-

rameters not directly related to the main goal of this article are calibrated, while those relevant
parameters for the analysis of the shock propagation are estimated using the Bayesian method-
ology. The main calibration procedure employed here is to pick the parameter values from
other relevant articles in the DSGE literature. Table 4 summarizes the calibrated values for
those parameters.

Given the prior distributions of the parameters, the model was estimated using a Markov
chain process via the Metropolis-Hastings algorithm with 100,000 iterations and 10 parallel
chains. The results of the Bayesian estimation are shown in Table 5 and in Figure 15.

Figure 15’s graphs are especially relevant in that they present key results of this estimation,
but they can also serve as tools to detect problems with the said results. First, prior and pos-
terior distributions should not be excessively different from one another. Second, the posterior
distributions should follow a normal distribution, or at least not display a shape that is clearly

18We adopt the similar procedure as in Castro et al. (2015).
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Table 4: Calibrated parameters. Source: own elaboration.
Parameter Value Source

σ 2 Cavalcanti and Vereda (2010)
β 0.985 Cavalcanti and Vereda (2010)
δ 0.025 Cavalcanti and Vereda (2010)
α 0.39 Kanczuk (2002)
prss 0.03 Orsi et al. (2014)

s 1.3 Orsi et al. (2014)
ϕ 8.8 Castro et al. (2015)
θW 0.75 Castro et al. (2015)
θ 0.74 Castro et al. (2015)
γR 0.79 Castro et al. (2015)
γπ 2.43 Castro et al. (2015)
γY 0.16 Castro et al. (2015)
Lu

ss
Lss

0.524 Average value (2002-2014) PNAD - IBGE
Wu

ss
Wm

ss
0.711 Tannuri-Pianto and Pianto (2016)

Css
Yss

0.61 IBGE/SCN 2000
Iss
Yss

0.20 IBGE/SCN 2000
Gss
Yss

0.19 IBGE/SCN 2000
Bss
Yss

0.35 Bacen/Not. Imp./F. Pb
Ωm 0.5 Argentiero and Bollino (2015)

non-normal. Third, the mode (the dotted line) should not be too far away from the mode of
the posterior distribution. Overall, it is worth pointing out that the estimates proved to be
quite satisfactory.

33



Table 5: Posterior distribution of the model. Source: authors’ calculations.
Parameter Prior mean Posterior mean 90% HPD interval prior Pstdev
ϕmss 8.000 7.8496 7.2660 8.4473 gamma 0.5000
ψm 1.450 1.4590 1.4272 1.4926 unif 0.0289
ψu 1.755 1.5353 1.5100 1.5641 unif 0.1415
τcss 0.159 0.1605 0.1514 0.1731 beta 0.0100
τ lss 0.173 0.1599 0.1462 0.1707 beta 0.0100
τsss 0.105 0.1234 0.1122 0.1354 beta 0.0100
τcorpss 0.300 0.3445 0.3371 0.3500 unif 0.0289
γG 0.405 0.7247 0.5599 0.8000 unif 0.2281
γT 0.500 0.2672 0.0102 0.7014 unif 0.2829
γτc 0.650 0.5791 0.5000 0.6848 unif 0.0866
γτcorp 0.500 0.7052 0.6316 0.7714 unif 0.2829
γτ l 0.500 0.4089 0.0661 0.7965 unif 0.2829
γτs 0.500 0.4053 0.0100 0.6827 unif 0.2829
φG -0.550 -0.4501 -0.6087 -0.3000 unif 0.1443
φT 0.500 0.9381 0.8638 1.0000 unif 0.2887
φτc 0.400 0.4576 0.4098 0.5000 unif 0.0577
φτcorp 0.150 0.2908 0.2786 0.3000 unif 0.0866
φτ l 0.500 0.4335 0.1432 0.8146 unif 0.2887
φτs 0.500 0.6042 0.2034 1.0000 unif 0.2887
ρP 0.500 0.9660 0.9230 0.9997 beta 0.2500
ρL 0.500 0.8451 0.2903 0.9999 beta 0.2500
ρAm 0.500 0.8841 0.7305 0.9995 beta 0.2500
ρAu 0.500 0.1201 0.0008 0.2315 beta 0.2500
ρpr 0.500 0.8283 0.6172 0.9988 beta 0.2500
ρG 0.500 0.1262 0.0002 0.2636 beta 0.2500
ρT 0.500 0.7081 0.2279 0.9075 beta 0.2500
ρτc 0.500 0.0931 0.0209 0.1605 beta 0.2500
ρτcorp 0.500 0.0658 0.0007 0.1295 beta 0.2500
ρτs 0.500 0.4451 0.0979 0.7635 beta 0.2500
ρτ l 0.500 0.4638 0.1201 0.7450 beta 0.2500
ρm 0.500 0.6638 0.6170 0.7139 beta 0.2500
ρϕm 0.500 0.2729 0.0250 0.4985 beta 0.2500
εP 1.000 0.4700 0.2160 0.7342 invg Inf
εL 1.000 0.2669 0.2060 0.3284 invg Inf
εAm 1.000 0.1543 0.1248 0.1821 invg Inf
εAu 1.000 0.1374 0.1176 0.1543 invg Inf
εpr 1.000 0.6103 0.2491 0.9588 invg Inf
εG 1.000 0.1262 0.1176 0.1362 invg Inf
εT 1.000 1.1972 0.9792 1.4206 invg Inf
ετc 1.000 0.2778 0.2275 0.3267 invg Inf
ετcorp 1.000 0.6758 0.5654 0.7842 invg Inf
ετs 1.000 1.0026 0.1886 2.5664 invg Inf
ετ l 1.000 0.1682 0.1400 0.1974 invg Inf
εm 1.000 0.1245 0.1176 0.1335 invg Inf
εϕm 1.000 0.6411 0.2493 1.0749 invg Inf
εprice 1.000 0.1272 0.1176 0.1383 invg Inf
εgov 1.000 0.1654 0.1378 0.1920 invg Inf
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Figure 15: Priors and posteriors. Source: authors’ calculations.
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Appendix B: Time series of the estimated level of infor-
mality

This appendix shows the estimated size of the shadow economy in this work.

Table 6: Time series of the estimated level of informality (quarterly). Source: authors’ calcu-
lations.

Quarter Informality Quarter Informality Quarter Informality Quarter Informality
2002Q2 51.6917616 2005Q3 56.8702964 2008Q4 50.0780512 2012Q1 44.379132
2002Q3 53.4369436 2005Q4 53.131766 2009Q1 45.705376 2012Q2 43.987704
2002Q4 59.39278 2006Q1 51.8478612 2009Q2 43.935304 2012Q3 40.476904
2003Q1 60.890372 2006Q2 49.720526 2009Q3 44.28586 2012Q4 44.352408
2003Q2 60.677104 2006Q3 50.35902 2009Q4 45.674984 2013Q1 43.768148
2003Q3 58.103216 2006Q4 49.7948292 2010Q1 45.554464 2013Q2 45.565992
2003Q4 52.35890268 2007Q1 48.0155872 2010Q2 46.46308 2013Q3 46.299592
2004Q1 50.6816992 2007Q2 47.556406 2010Q3 47.5236036 2013Q4 47.1674408
2004Q2 51.7548512 2007Q3 47.6704808 2010Q4 46.04388 2014Q1 47.9309612
2004Q3 53.5457784 2007Q4 47.4583132 2011Q1 47.5610696 2014Q2 48.9369364
2004Q4 53.5696204 2008Q1 48.7485584 2011Q2 46.499236 2014Q3 51.4629308
2005Q1 53.8961248 2008Q2 49.119498 2011Q3 48.13464 2014Q4 53.2033968
2005Q2 56.8032768 2008Q3 50.4054988 2011Q4 45.578568
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