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Abstract

This work presents a dynamic stochastic general equilibrium model of seg-
mented labor markets with informality assuming different levels of price rigid-
ity in the goods market. By modeling firm-specific capital and adjustment
costs for the formal sector and a matching Diamond-Mortensen-Pissarides
environment, the model can account for the countercyclical behavior of in-
formality under both demand and cost shocks. Any increase in aggregate
income affects the informal sector in two ways: a) households decrease their
demand for informal goods as they shift towards formal goods, and b) for-
mal firms increase their labor demand attracting workers from the informal
sector. In addition, this study also considers the design of monetary policy
in the presence of informality. It is shown that if the monetary authority
reacts to general inflation in the interest-rate rule, informality significantly
reduces the possibility of multiple equilibria emerging under the Taylor prin-
ciple. However, if the central bank responds only to formal sector inflation,

this result is sharply reversed.
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1. Introduction

Informality represents an important feature of labor markets in both de-
veloped and developing countries. In particular, informal labor accounts for
a significant share of total labor in developing economies. In the presence of
macroeconomic shocks, this distortion creates spillovers to market wages, em-
ployment, and production that may have potentially serious implications for
welfare. Understanding the mechanisms by which informality interacts with
such shocks is crucial for appropriate policy design. Recently, a small litera-
ture has attempted to understand business cycle fluctuations in the presence
of informality under a varied set of assumptions. However, a serious weakness
of many studies is their inability to account for the key stylized facts relating
to the employment dynamics of emerging economies: namely, employment
in the informal sector is strongly countercyclical in countries with significant
informality. The contribution of this thesis is to develop a Dynamic Stochas-
tic General Equilibrium (DSGE) model of the economy where the size of the
informal sector is driven by frictions in the labor market and variations in
price dynamics in the sector-specific goods market. This study aims to under-
stand how aggregate demand and cost shocks are propagated in the presence
of informality and how monetary policy rules should be designed in order to
avoid generating multiple equilibria, or indeterminacy, which can destabilize
the economy through the emergence of expectations-driven, welfare-reducing
fluctuations.

New Keynesian DSGE models have become routine tools for the analysis
and characterization of monetary transmissions. Recently, more sophisti-
cated models have been developed that include labor and financial rigidi-
ties.! The vast majority of this literature, however, is based on rigidities

endemic of developed economies. Such mechanisms are not necessarily the

'For example, Walsh (2005), Walsh (2010), Blanchard and Gali (2010), Ravenna and
Walsh (2008), Gertler et al. (2008).



most appropriate representation of informality for developing countries. Al-
though many frictions can be characterized and extrapolated to develop-
ing economies without extreme simplifications, informality is a phenomenon
which generates different explanations depending on the type of economy it
exhibits. Several alternative mechanisms have been proposed to explain the
existence of informal firms, self-employed workers, and informal employees.
The rise of informal activities is, according to some, the consequence of a
distorting tax burden or inadequate law enforcement,? whereas others view
its inception arising from the segmentation of the labor market.®> While there
are reasons for debate on the nature of informal firms and the self-employed,
sizable evidence exists on the segmentation of labor markets for the dynamics
of informal employees and this is a significant factor in the size of informality
present in an economy. Therefore, the purpose of this work is to provide a
characterization of informality based on labor market segmentation.

Before proceeding, it is useful to distinguish between alternative defini-
tions of informality. As emphasized by the International Labor Organization
(ILO), there are two common measures of informality: informal labor and
employment in the informal sector. The latter concept excludes a) informal
work for formal firms, and b) domestic workers. This measure naturally en-
compasses a smaller share of the total labor force than the former concept
and this difference is non-negligible. For example, informal labor in Mexico
represented 50.1% of the total non-agricultural employment in 2005, whereas
employment in the informal sector accounted for 33.1% of the labor share in
the same period.* This last definition —employment in the informal sector—
closely resembles our modeling of a goods-producing informal labor market,
and consequently, this is the definition of informality that will be employed

throughout.

2See Leal Ordéiiez (2013), Maloney (2004), De Soto (1987), Perry (2008).
3See Harris and Todaro (1983) or Loayza and Sugawara (2009).
4ILO (2013)



As discussed by Pissarides (2000), the recent literature has attempted
to model informality with the help of the Diamond-Mortensen-Pissarides
(DMP) labor-search framework.> The DMP model, which originally was
conceived as an explanation for unemployment, features three key building
blocks. 1) A stochastic model of labor turnover, where workers separate from
jobs at a given rate and remain unemployed until they find a new job. 2)
A tightness in the labor market that prevents instantaneous labor market
clearing. When firms decide to hire labor, the open vacancies (subject to
vacancy costs) have a probability of being matched with a worker looking for
a job. The success of that match depends on the tightness of the market.
When there are fewer vacancies than job searchers, the success of the match
is favorable for firms but unfavorable for unemployed workers. 3) Wages are
determined via a Nash bargaining function that enables wages to depend on
the opportunity cost the firm would face by letting go of a match, and the
cost faced by the employee.

In this thesis, I propose a model that features two types of firms that owe
their coexistence to a labor tightness on the formal side of the market. The
first type of firm (formal) are monopolistically competitive and face a pro-
duction technology characterized by high productivity, adjustment costs on
firm-specific capital, and vacancy costs using a DMP labor-search environ-
ment. This type of firm needs to plan one period in advance for both capital
and labor hiring, in addition to being constrained by Calvo (1983) pricing.
The second type of firms (informal) face a labor-only production technology.
They have fully flexible prices and their labor market is competitive, enabling
them to instantaneously hire and dispose of labor.

The productivity difference between the two sectors combined with a
formal bias parameter for consumption household preferences generate a wage

gap between the informal and formal sectors. Due to lower wages in the

°See Albrecht et al. (2009), Ahmed et al. (2012), Zenou (2008), Satchi and Temple
(2006), Bosch and Esteban-Pretel (2012).



informal sector, informal workers are always queuing for a match in the
formal sector. The dynamics of these two sectors depend on the rate of
formal job creation, which in turn depends on the ratio of informal workers
to the number of endogenously created vacancies.

Using parameter values for Mexico, the model generates a steady state
that successfully mirrors many of the main characteristics of the Mexican la-
bor market. The equilibrium wage gap, the share of informal employment on
total employment, informal production and consumption size are all consis-
tent with recent empirical estimates. The analysis considers the implications
of two shocks: a demand shock which arises via consumption preferences and
a supply shock that arises from the cost channel of formal firms. In contrast
to Castillo and Montoro (2008) and Bovi (2007), the dynamics of the model,
in response to a demand shock, generate a sharp countercyclical pattern for
informality, with output and formal employment showing a stronger response
than in the formal economy benchmark.® Countercyclicality arises under a
positive demand shock, because labor supply of the informal sector is reduced
as labor flows into the formal sector, and the informal sector cannot attract
new labor because household income is increasing and its leisure becomes
too valuable to be spent on informal labor activities. With a supply shock,
countercyclicality of informality again arises, although the countercyclical
response comes from a different mechanism. In response to a negative cost
shock in the formal sector, formal production will fall and the informal sec-
tor, being an imperfect substitute, will grow. It is important to emphasis that
this countercyclical behavior of informality is robust to changes in the key
parameters of the model.

Another important finding relates to the business cycle properties of total

output with respect to the benchmark model. A demand shock magnifies the

6Castillo and Montoro (2008) and Bovi (2007) obtain procyclical behavior for informal
employment. This arises in their models from a marginal decision of firms to hire cheap
labor in order to take advantage of positive shocks.



business cycle (output and formal employment) while a formal supply shock
causes the opposite result. For example, with a formal sector supply shock,
the informal sector is able to step-in and ease the excess demand in the goods
market while the formal sector recovers. However, in the case of a negative
demand shock, the informal sector enters the labor market to ease the excess
supply of labor, but this distorts labor market tightness, worsening the formal
sector position and exacerbating the business cycle.

Given the model’s ability to generate an empirically plausible behavior
for employment dynamics, the thesis then considers the design of monetary
policy in the presence of informality. Batini et al. (2011) focus on the welfare
properties of interest rate rules that minimize a loss function. Although their
goods market resemblances our model, the labor market is completely dif-
ferent, owing to its segmentation using an exogenous wage norm. Mattesini
and Rossi (2009) focus on the effect of discretionary policies for the second
moment properties of business cycles, based on a unionized sector with a
stochastic reservation wage that abstracts from capital. Here, we instead
consider the effect of informality for the existence of multiple equilibria, or
indeterminacy, of a given interest rate feedback rule. With policy-induced
indeterminacy, self-fulfilling expectations can arise, which can be a destabi-
lizing factor for the economy. A study on the class of monetary policies that
prevent this indeterminacy outcome is crucial for emerging economies. The
goal of this part of the thesis is to offer some insights into the relationship
between informality, the conduct of monetary policy, and the available set of
policy responses that can ensure a determinate equilibrium.

In standard models, it has been well-established that for a central bank,
increasing the nominal interest rate more-than-proportional to a rise in in-
flation is necessary and sufficient to ensure determinacy (the so-called Tay-
lor principle). Under the Taylor principle, this increases the real interest
rate thereby preventing the emergence of self-fulfilling inflation expectations.

With models featuring capital, the Taylor principle is no longer a sufficient



condition and indeterminacy can arise under a certain combination of param-
eters and policy responses. The Taylor principle proves to be an insufficient
tool in the presence of capital as the increase in the real interest rate can also
affect expectations via the capital cost channel of firms. Compared to the
benchmark formal model, it is shown that in an economy with informal labor,
the indeterminacy region under the Taylor principle shrinks if the interest
rate rule targets aggregate general inflation. This is due to the presence of an
informal labor-intensive sector, which reduces the importance of the capital
cost channel. However, if the interest rate rule reacts to only the inflation
rate of the formal goods market, thereby ignoring the inflation of the infor-
mal goods market, the indeterminacy region expands significantly relative to
the baseline formal model. The reason for this is intuitively straightforward:
under the Taylor principle the real interest rate can now actually decrease.

These conclusions highlight the importance of accurately measuring infor-
mal prices as they have the potential to be a source of macroeconomic insta-
bility. Our analysis suggests that an overaggressive inflation response is one
possible solution to avoid aggregate instability for central banks that have
imperfect measures of informal inflation. Clearly, for emerging economies
whose central bank faces a single mandate, obtaining accurate measures of
informal inflation would be highly desirable to improve the effectiveness of
monetary policy.

The reminder of the thesis is organized as follows. The next section
presents a brief review of the literature on informality and labor markets in
a general equilibrium framework. Section 3 summarizes some stylized facts
about the Mexican economy and explains why some of the existing literature
fails to offer an adequate explanation. Sections 4 and 5 outline the theoret-
ical model and its calibration for the steady state. Section 6 describes the
log-linearization of the model and Section 7 presents the simulation results
and compares them with the empirical evidence of Section 3. The determi-

nacy analysis is conducted in Section 8. Finally, Section 9 summarizes and



concludes.

2. Literature Review

The existing literature has attempted to model informality using two
main approaches. Attempts to reach a consensus have only been partially
successful despite of the amount of empirical research in the area. The first
approach explains informal labor as part of an optimal decision. Under this
view, workers face the opportunity to operate in either of the two sectors but
choose informality due to lower taxes or different leisure preferences.” The
opposite view argues against the individual’s decision to become informal.
According to this approach workers remain against their will in the informal
sector thanks to the segmentation of the labor market.® Other authors like
Bargain and Kwenda (2010) and Gong and Van Soest (2002) find reasons
to support both causes that dominate one or the other depending on factors
like education or the nature of firms. Bosch and Maloney (2008) suggest
that the self-employed likely correspond to voluntary entry while informal
salaried work corresponds more closely to the queuing view.

Leal Ordéiiez (2013) uses a model where the degree of law enforcement
determines the size of informal firms subject to the probability of being de-
tected. He finds an inverted-U relationship between the size of the informal
sector and output. Zenou (2008) considers an informal competitive labor
market capable of absorbing any amount of labor, and a formal labor mar-
ket with matching frictions and wages set via Nash bargaining. He focuses
on labor market policies and finds that a wage subsidy policy increases the
size of the informal sector but a hiring subsidy policy reduces it. Albrecht
et al. (2009) introduce heterogeneous workers and matching frictions but only

to model the flow between employment and unemployment. The informal-

"See Maloney (1999), Maloney (2004), De Soto (1987), Perry (2008).
8See Harris and Todaro (1983) for details of its conception and Loayza and Sugawara
(2009) for a discussion in favor of it.



formal flow is still regarded as an optimal decision of the workers chosen on
the basis of skill. They consider the effects of labor market policies such
as payroll tax rates and severance taxes and analyze the steady-state dis-
tributions of productivity and wages. Satchi and Temple (2009) find that
matching frictions are able to account for up to 30% of the urban informal
labor force, but the goods market is ignored in the analysis, as their focus
is on aggregate productivity and wage growth. Bosch and Esteban-Pretel
(2012) also use a search and matching approach to explain labor transitions
between formality, informality, and unemployment in Brazil.

Most of the literature has focused on the long-run implications of infor-
mality. There are few works that have considered the business cycle impli-
cations of informality and even fewer focusing on monetary policy. Castillo
and Montoro (2008) consider a business cycle model but generate results at
odds with the evidence from emerging economies. In their model, labor-
only firms face the opportunity to hire formal or informal labor. Informality
is introduced through hiring costs in a way that the higher productivity of
formal labor is balanced with the lower hiring costs of the informal sector.
Their model generates procyclical informality, a result consistent with devel-
oped economies like Italy where the nature of shadow economies behave in a
tax-evasive way.? This issue is discussed further in the next section. Batini
et al. (2011) is one of the few papers to considers monetary policy and the
issue of informality. This paper belongs to a subset of the DSGE literature
in which the modeling of informality is closer to the queuing view. They in-
clude two disturbances which cause informality: credit constraints and a real
wage norm, arbitrarily established above the equilibrium wage. This wage
cap shifts labor supply towards the informal sector with lower benefits. In
their goods market, they introduce different price rigidities for the informal

and formal sectors. They find that the importance of commitment in the

9See Bovi (2007).



conduct of monetary policy increases with the size of the informal sector.
They also find that rules responding to the risk premium on the formal sec-
tor result in a significant welfare improvement over inflation-output targeting
rules. Mattesini and Rossi (2009) model two sectors, one competitive and
one unionized, and look at optimal monetary policies in the dual economy.
They find that if a large part of wages are set in a competitive market, tech-
nology and cost shocks will have little effect on inflation, with a consequently
low interest rate response. Haider et al. (2012) model a complex model fea-
turing a sector that produces non-tradable goods and a sector that produces
tradable goods and imports goods from a foreign country. They undertake
a determinacy analysis where they evaluate the determinacy gains that are
obtained if the policymaker places weights on interest rate smoothing and the
exchange rate, but they make no analysis of the actual contribution of the
non-tradable sector to indeterminacy. Den Haan and Kaltenbrunner (2009)
consider a matching environment in general equilibrium where they derive
the first-order conditions for households that can decide how much labor force
to supply, but their employed/unemployed status is subject to a matching
probability function. I am using their framework regarding the household
leisure decision but in an informality setting.

The results generated by the DSGE literature characterizing informality
while also including the behavior of prices in the goods market, crucially
depend on the nature of informality. Ferndndez Martin and Meza (2013)
focus on business cycle responses, and they develop a model closer to the
optimality approach of informality. In their model, households choose which
part of their labor supply to assign to informal (tax-free) or formal (taxable)
firms. They can account for the countercyclicality of informal labor using
an imperfect pass-through of shocks traveling between the formal and infor-
mal sector. Ahmed et al. (2012) differentiate between formal and informal
labor markets according to the basis of skills. They partially account for

the segmentation of labor markets but still grant households the flexibility of



deciding how many hours of labor to supply to each of the two sectors. They
are able to explain a wage premium in the formal sector over the informal
sector but this is caused by a monopoly of households on skilled labor. They
find that informality enhances the crowding-out effects on private investment
and that there are relatively weak spillover effects of shocks to the informal
economy, concluding that the informal economy is a partial shock absorber.
Conesa et al. (2002) introduce an informal sector with different technology
and the trade-off that defines the wage premium arises from the indivisibility
of formal labor. A worker choosing the informal sector enjoys a divisible
amount of leisure at the cost of a smaller wage.

There is now a large literature that considers the suitability of the Tay-
lor principle in guaranteeing determinacy of equilibrium. For models with
capital, Benhabib et al. (2001) find that the Taylor principle is not a suf-
ficient condition for determinacy when there is zero bound on the nominal
interest rate. Carlstrom and Fuerst (2005) find that under a forward-looking
interest-rate rule, the presence of capital makes determinacy almost impossi-
ble. They also show that indeterminacy can arise under the Taylor principle
with a current-looking interest-rate rule.!? Sveen and Weinke (2005) find
that the range of indeterminacy is significantly increased under the assump-
tion of firm specific capital. Kurozumi and Van Zandweghe (2008), Huang
et al. (2009), and Duffy and Xiao (2011) find that the indeterminacy problem
that arises under a forward-looking Taylor rule can be overcome if the rule
also responds to current output or contains sufficient history dependence via
interest-rate smoothing.

Among the works that analyze indeterminacy with labor market distor-
tions, Zanetti (2006) features a simple analytically-tractable model of an
economy with labor market frictions and Nash bargaining of wages. He

finds that both a current-looking and a forward-looking interest-rate rule

10Benhabib and Eusepi (2005) show, among other things, that responding to the output
gap can be an effective policy to avoid indeterminacy under current-looking rules.

10



Figure 3.1: The cyclical behavior of informality in Mexico (1993-2013)

Source: Leal and McKnight (2014)

can unambiguously generate indeterminacy. However, a monetary policy
rule that reacts to an weighted average of current and expected inflation can
achieve determinacy under certain parameter constellations. Kurozumi and
Van Zandweghe (2011) expand on this by adding a backward-looking infla-
tion component to the policy rule. Other papers such as Krause and Lubik
(2010) find that the search and matching assumption can be an independent
source of indeterminacy as actual labor market decisions are characterized
to some extent by animal spirits. They find that labor markets are capable
of generating indeterminacy if the worker bargaining strength is sufficiently
high, and are capable of generating non-existence of equilibrium if the match-

ing elasticity is sufficiently high.

11



3. Stylized Facts

3.1. Cyclicality of Informality

The main concern of some of the existing literature relates to the cycli-
cality of informality. According to Castillo and Montoro (2008), informality
responds procyclically to demand shocks.!! Their main source of evidence
is Bovi (2007), which shows the Italian case. When we look at the Mexi-
can economy, a completely different pattern is found. In Figure 3.1 we can
see a sharply countercyclical pattern for informality. Ferndndez Martin and
Meza (2013) show that this negative rolling correlation between the cyclical
component of output and informality has been negative for several periods of
time in Mexico, and support this argument with a cross-country comparison

between emerging and developed economies.

3.2. Nature of informal firms

In some models, all firms have the capacity to produce formally or infor-
mally. This is one of the reasons explaining the procyclicality of informality
in these models. Our characterization is based on the assumption that infor-
mal firms belong to a very different nature than formal firms. This view is
supported by La Porta and Shleifer (2008), where they empirically find that
the main factors determining the entrepreneurial type of the firms (i.e. hu-
man capital of managers) differ significantly. They also find that very few of
the formal firms (only 2.3% in Mexico) have been previously informal, a fact
inconsistent with the view of dual capacity of firms. Not only is their pro-
duction technology different, but their products are not perfect substitutes,
as La Porta and Shleifer (2011) argue.!?

1 Others like Haider et al. (2012) find mixed results depending on the type of shock.
12They find that informal firms occupy a very different market niche than formal firms
do, and that both types of firms sell to very different types of customers.

12



3.8. Access to Capital

Another characteristic of informal firms is their limitation to access credit
markets, as documented by Patrap and Quintin (2008) among others. A
complex representation of financial rigidities is beyond the scope of this work.
The easiest way to model this constraint that is also compatible with the
previous stylized fact is to assume a different production technology for each
type of firm. In the model proposed here, informal firms use labor as their
only input to produce goods.!® Formal firms use labor and capital but face
adjustment costs on their capital investments. The model follows Woodford
(2003)’s approach to firm-specific investment accounting for the lack of a full

rental capital market.

3.4. Employment

Total employment is significantly less volatile in emerging economies than
in developed countries.!* Furthermore, Mexico has one of the lowest unem-
ployment rates (4.9% in recent estimates) not only compared to OECD coun-
tries (7.9%), but to many other emerging countries where the Latin American
average is 6.4%.% Therefore, the unemployment rate represents a very small
share of the population in the labor force, compared to formal and informal
workers. It makes sense to abstract from this effect to capture in a neatly

manner the flow between formal and informal employment.*¢

3.5. Creation and Destruction of Jobs
There is evidence that the informal sector has the ability to absorb and
shed labor at very high rates (Maloney (2009) and Bosch and Maloney

13This assumption is backed up by the findings of Busso et al. (2012) in which a rep-
resentative informal firm sizing 1% of the share of total firms uses 0.47% of the capital
available while a representative formal firm sizing 1% uses 9.39%.

14As documented by Meza and Ferndndez Martin (2012) and Ferndndez Martin and
Meza (2013).

15The data was obtained from the International Labor Organization (ILO) database,
ILOSTAT.

16 A similar assumption is adopted by Zenou (2008) and Charlot et al. (2013).

13



(2008)). Furthermore, McKenzie and Woodruff (2006) find that entry costs
into the informal sector are negligible for Mexico. This supports our assump-
tion of a competitive informal labor market. Hall (2005) and Shimer (2005)
present evidence that labor fluctuations in employment are due to cyclical
variations in hiring as opposed to separations. According to Shimer (2005),
job separation is acyclical for most economies, especially since 1985. The
case for Mexico is not so clear but we will assume an exogenous separation

rate and focus our cyclical variation only in the hiring mechanism.'”

3.6. Wages
Castellanos (2001) finds evidence that wage rigidity in Mexico is signif-

icantly lower for informal jobs than formal jobs. Also, Castellanos et al.
(2004) and Li (2011) argue that wage rigidity is procyclical and is falling
over time. These facts support our case: informal firms set wages compet-
itively and formal firms do not suffer from nominal rigidities per se, which

means that Nash bargaining is free to take place at any period.

3.7. Taxes

Part of the literature models the tax treatments and law enforcement as
an important mechanism for the preservation of informality. We will abstract
our model from taxes and any government expenditure in order to isolate
the effect of labor market segmentation. Granted, we could think that the
vacancy costs faced by the formal firms represent a measure of extra taxation
for this sector. However, as we will see later in the sensitivity analysis, the

vacancy monetary costs fail to be a main driver of this segmentation.

1"Extending the matching framework with an endogenous separation rate, as it has been
treated in Pissarides (2000, ch 2) looks like an interesting extension to this work.
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4. Model

The economy is composed of a large number of infinitely lived households,
two types of firms and a monetary authority. Formal firms are monopolisti-
cally competitive, setting prices according to Calvo (1983) to maximize their
profits, and face a production technology consisting of capital and labor in-
puts. They have to invest in firm-specific capital one period in advance with
adjustment costs and they open vacancies one period in advance in order to
collect capital and labor. Formal jobs are destroyed at an exogenous constant
rate, but they are created endogenously via a matching function that depends
on the number of vacancies and informal workers. Informal firms are assumed
to have flexible prices, they offer competitive wages and have the capacity to
absorb any amount of labor (the only input in the informal production func-
tion). Households have a CES utility function and can borrow from complete
financial markets. They can decide how much labor to supply but the type of
labor they will supply is subject to labor market conditions. The monetary

authority sets monetary policy using a contemporaneous interest-rate rule.

4.1. Labor market dynamics

The informal labor market is perfectly competitive and has the capac-
ity to instantaneously absorb any flow of workers adjusting its wage to the
marginal product of labor. In this way we can abstract from unemployment
and focus solely on formal-informal dynamics. Following Pissarides (2000)
the formal labor market is subject to significant search frictions with real
vacancy costs. When formal firms need labor, they open up vacancies. An
informal worker is always queuing for a formal position but vacant jobs need
not match instantaneously with the searching worker. The labor rigidity 6,

of the economy is defined by the number of vacancies V; and the amount of

: Vi
informal workers L; in the following way: 6; = L—i The number of formal job
t
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matches 9 taking place every period relates to the DMP matching function:

M(V;, Li) = VAL °

WVT?LZ) (elt ) = q(60,) = M§7"! (1)

where ¢(6;) is the rate at which a given vacancy is expected to be matched and
@ € (0,1) is the matching elasticity that measures the importance of an open
vacancy with respect to a informal worker in the success of a match. We can
also think of 0;¢(6;) as the rate at which a given informal worker is expected
to find a formal job. Henceforth, @ = % following the literature.'® Further,
we will set M = 1 as the parameter determined by policy changes affecting
formal unemployment. Assuming an exogenous formal job destruction J, we
obtain the following law of labor mobility relating the amount of informal

workers L and the amount of formal workers L :
Lisy — Li = 6L{ — 01q(0:) L; (2)

4.2. Households

Households choose consumption, supply their labor force to a dual labor
market with frictions, and have access to complete financial markets. A
representative household aims to maximize the following expected discounted
utility:

(afCy)~ NtH’/’
1—0o 14+

(3)

EtZB’“
1

where . Tepresents the Frisch elasticity of labor supply, the intertempo-

ral elasticity of substitution, 5 € (0,1) is the discount factor, and af is a

transitory demand shock process. The household problem is subject to the

18See Petrongolo and Pissarides (2001) and Stevens (2002).
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following resource constraint:

PCy+ EiQuy1B, < By + WL + WL + ¢, (4)
N, =L{ + L (5)
Li,, =06L] +(1—0,q(6,))L; (6)

where P,C, is the aggregate consumption good, W/ and W' are the wage
payments received from informal and informal labor, N, is total labor par-
ticipation, By is the payoff of the portfolio held at the end of period ¢, and (;
denotes the profits resulting from ownership of firms. @), ;11 is the stochastic

discount rate defined by:
1

1+ 4, ()

where 4, is the nominal interest rate obtained by holding portfolio B;. Equa-

Qt,t+1 =

tion (6) defines the expected labor mobility given the job destruction rate o
and the current labor market tightness ;. The important fact in this setup
is that households decide how much labor to supply, but have no decision
whether their labor will end up in the formal or informal sector. The share
of their formal and informal labor supply will be determined by the labor
mobility (6) subject to the labor rigidities mentioned above. Hence, there
is perfect risk sharing by the households, not only in terms of consumption,
but also in terms of leisure!®.

The goods market is divided between formally and informally produced
goods where the consumption demand of informal and formal goods for firms
jand k (Ci(4), C/(k)), together with the individual prices (P(5),P/ (k)) lead
to the ’sector aggregates’ (CY, C’tf ,Pti,Ptf ). These sector aggregates lead to

19See Den Haan and Kaltenbrunner (2009) for an argument of why this setup is prefer-
able to a lottery setup
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our consumption and price aggregates (Cy,FP;) a la Dixit-Stiglitz:

Ci(j) = i (8a)
Ci k) = (Pt;(f’“)) cf (sb)
Ci=(1-w) (%) e, (80)
cf=w (%) _ C, (8d)
Rt = WPl (1 - w)R ] (8¢)

where €; represents the elasticity of substitution among formal goods, p
represents the intersectoral elasticity, and w € (0, 1) is a measure of household
bias towards buying in the formal market.

The remaining first-order equations associated with the household prob-

lem are:
Ot+1)a P,
= BE T 9
Q=05 | (52) - )
Wi
NY = Pt C;7 + B0,q(6,) ¥, (10)
t

where the shadow price W, is given by:

wl,
SELCG = N+ B(1 = 6) Wiy

v, =
N

(11)

The intuition behind the first-order condition of leisure (10) is the following.
The left-hand-side is the disutility of being part of the labor force as of today
(i.e. giving up today’s leisure). The right-hand-side is the expected benefit

of becoming part of the labor force. This benefit is equal to the informal wage
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this period plus the expected value of the probability that you are matched
with a formal job for the next period. The next period’s benefit of today’s
match is specified recursively in (11), and it will be the formal payment minus
the labor hours you will be offering in the future plus the expected value of
the probability that your job doesn’t get destroyed and you are able to enjoy

the benefits for one more period.

4.3. Informal Firms

Informal firms have flexible prices and their production function depends
solely on labor.

V(i) = ALi(i) (12)

where A! > 0 is the labor productivity that all informal firms share. Hence,
all firms will demand the same amount of labor Li(i). Informal wage will

consequently be defined by:
W/ = PAL (13)

4.4. Formal Firms
Formal firms are subject to Calvo (1983) price rigidity and have a Cobb-

Douglas production function:
Y/ (i) = ATLLG) K7 () (14)

where A/ > Al is the labor productivity of formal firms, K2(i) is the cap-
ital input demanded for production and 0 < o < 1 is the capital share of
production.

Neither labor nor capital can be chosen in the current period. Following
Woodford (2003), capital is subject to an adjustment cost function I(-) such
that I(1) = 0k, the depreciation rate; I'(1) = 1; and I”(1) = €, which is
usually interpreted as the steady-state elasticity of the investment to capital

ratio with respect to Tobin’s ¢q. Labor is subject to search rigidities that force
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the firm to open vacancies (with cost Pc) one period in advance. A price
setting firm 7 chooses contingent plans for {Pt{fk(z'), Kiira(2),
L i1(0) 172 with the help of the control variables: investment ;14 (i) and

vacancies V;,x(7), in order to solve the following problem:

max Y5 o By { Qu [V (0P (0) = WL LL () = PraeVirr (D) = PLdin()]| ) (15)

s.t.

(P
Y;{[&-k(z) = (L Ytik’

f
Fitn

-«

Y;,ik(z) < L{Jrk(Z) ta+ka

fali) = 1 (T2 Kiat) (16)

L{+k+1 = q(Orn) Vigr + (1 — 5)L{+k7

P’::Hl(i) with prob (1 —7)

Plin(@) =9 "
. Ptik(i) with prob ()

In this framework, we are assuming in the fourth equation that firms
are big enough to decrease with certainty the amount of risk implied by
the matching uncertainty and treat its behavior as a certain labor mobility
function. This assumption is clearly weaker than the one taken in (6) about
the households. Fitting our matching rigidity into the Woodford (2003) and
Sveen and Weinke (2005) setup, we can express the effect of a marginal

increase in capital as:

dVi(4) f_dle()) ;odL{L () V11 (i) foodl1()
Pegnm U aknm = B {Qt’m [_Wt“dl‘t:w + Priac(l = 0) gy — P dlé:ﬂi)} }

which translates into:

; Pc P ic(1—9) ard G ;
fodL@) t t+1 f 11 (1) fodla(i)
Pt th;»l(i) - Et { (_q(9t) - Qt,t+1 (_ q(9t+1) -+ ‘/Vt+1)) dK:rll(i) - Qt,t+1Pt+1 d}(t::l(i) } (17)
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This result arises from the fact that we cannot equate our optimization to the
marginal product of labor since firms are demand constrained. In Woodford

§odL ()
(2003) the amount —Wih® 5
This quantity represents the nominal reduction in firm’s ¢’s labor cost asso-

is known as the marginal savings M S;11(7).

ciated with having one additional unit of capital in place in period t + 1. In

our representation, we will define the nominal marginal saving as:

. P Pic(l — 5)) dL! (i)
MSp (@) = — (Wi + ——~ - o 18
1) ( o Qt7t+1Q(0t) q(0i41) dK;11(2) (18)
where the following identity naturally yields:
Mst+1(i) = MCt+1(i)MPKt+1(i) (19)

given that with a constraint in output:

dLf,, () _ MPEK; (i)
A1 (i) MPLi (i)

The resulting nominal marginal cost of the formal sector can be expressed

as.
P P 1—46
; (”tf“ " Hf;(et) - ttzl(ce(tm ))
f— C ? 2
M Ct+1 a; ] rPLt+1 ( O)

where af “ represent the transitory cost shock processes experienced by the

formal sector. The price setting first-order condition is given by:

> VB { QuaiViL @) | PF () = MMCipai)| | = 0 (21)
k=0
where M = °f ] > 1 is the markup from its monopolistic position.
€ —
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4.5. Wage Determination

The formal wage for one period ahead is determined via a wage bargaining
approach. Wage bargaining in the formal sector is modeled according to the
maximization of the surpluses of both parties (employee and firm) with a
given weight x € (0,1) that splits the surplus among the two agents and is

usually referred to as worker bargaining strength:

W = argmax (F — Z)* (J = V)X (22)
Wi
where
Fy = Wiy + Bl6Zuss + (1= 8) Fypal,
and

Zy = Wiy + Bl0:a(0:) Frsr + (1 — 0g(6)) Zi11]

represent the worker’s surplus of a match (F') and the surplus of staying on

the informal sector (Z), whereas:
o= PIY{ (LK) = W+ B(1 = 6) Juua, (23)

and
Vi = —Pic+ Bq(01)(Jex1 — Vi)

represent the firm’s surplus of a match (J) and the surplus of staying with
the vacancy one more period (V). Firms can adjust their vacancies every
period to market conditions. Thus, they will always create vacancies until

V =0, achieving:
PtC

Bq(0:)
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. This makes our maximization problem (22) the following for every period
of negotiation:
(1- ) Wl —Wwi _XPle(L,K)—Wf

1=+ 606+ 0q(0)) 1= p(1=9)

(1 — )W/ +xW/T = (1 — )W+ xP/Y{ (L, K)T

W = (1= )W PIYY (L, K)x + (T = 1) [P/Y{ (L, K) - W/

where [' = L= B+ 5800 +04(0)) =14 oFc = P c

1-5(1-9) JA—B—-0) PV K) - W7

leading us to the equation defining the formal wage:
Wi =@ =)Wy + x| PLY (Lisr, Kia) + 0 P . (24)

Note that if x = 0, formal firms will just need to pay the informal wage,
enough to keep informal workers searching in equilibrium for formal jobs.
On the other hand, if x = 1, the equilibrium real wage will be the real
marginal product of formal labor plus the costs that the firm is saving each

period by not opening that vacancy.

4.6. Monetary Authority

The monetary authority responds to deviations from the steady state
general inflation and real output by setting a deviation i; from the steady

state interest rate i following an ad-hoc current looking Taylor rule
141 IL\™ (Y \™

+ Z‘t _ (e I (25>
1+1 IT Y

is the price level ratio, Y and II represent the steady state

I

where 1I; =
t—1

values of the real product and price level ratio, and 7,;, 7y > 0 are the weights

the monetary authority attaches to each deviation from steady state value.

According to the Taylor principle, a deviation of prices by one percentage
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point —say an increase— should prompt the monetary authority to increase the
nominal interest rate by more than one percentage point (7, > 1), thereby

increasing the real interest rate.

4.7. Market Clearing
The clearing of the labor market requires all labor supply NV; to be deter-

mined by the following equation:
No—rivr = [ LG+ [ o (26)
0 0

Goods market clearing requires that for each variety j in each sector:

Y/ (j) = ¢ () + 1] (j) + Vi)
Y/ (j) = Ci(j).

The aggregation of these two equations together with our demand equations

(8) yields:
1 f/- —€f
P! (j) .
<—Pf dj + cV;

t

thz(Cthf)/

0
v/ =cf + 1/ + v, (28a)
Y (4) = Ci()- (28D)

4.8. Transitory processes

The log levels of transitory aggregate demand shocks a;! = log(a}) and

formal cost shocks a//® = log(af®) are described as AR(1) processes:

aif = paail, + € (29)
a® = paa + ¢’ (30)

where p, € (0,1), and €7 and &/¢ are i.i.d shocks ~ (0,0?%) with o2 > 0.
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5. Equilibrium

5.1. A Rational-Ezpectations Equilibrium

Given an initial set of conditions {Ky, By, L}}, and the exogenous
sequences of demand shocks af and formal cost shocks af °, a rational-
expectations equilibrium is a set of 22 variables consisting of a sequence of
prices {P,, P/, Pi. Wi W/ Q, MC,, MS,,i,} and a sequence of allocations
{N;, ¥y, L, L{, Cy, th, Cl Yy, Y;f, 0, Itf, K;,V;} for all t > 0 characterized by:
(i) Equations (7), (8c)-(8e), (9), (28a)-(28b) and the production functions
(12) and (14); these 9 equations comprise the goods market. (ii) Equation
of labor mobility, (2); leisure, (10), (11); market clearing, (26); labor rigid-
ity (1); and wages (24),(13); represent the next 7 equations from the labor
market. (iii) We have 5 more equations: the adjustment cost equation, (16);
the price-setting decision of formal firms (21); the marginal cost, (20); the
investment decision, (17); and the marginal saving (19). (iv) The monetary

policy rule (24); and the appropriate TVC conditions are satisfied.
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5.2. Steady State FEquilibrium

A unique perfect-foresight zero-inflation steady state equilibrium exists.

In what follows unindexed variables denote their steady state values:

Q=8
o (D) e

PINT"
f—_ -
C w ( Iz > C

Pt = [P T (1= )P

yi=cl+1T+¢cv

Yi=C"
yi = AfH T K
5
Wi
NY = 5 C 77+ B0q(0)¥
1 wt
V=— | —C7-N¥
s [ 70
N=L/+L!
V =0L'
wi Pt
= 7141/
P P
Wi =(1— Wi +y [PfYLf(L,K) +0Pc}
I' =6k K
Pl = MMC
(Wf n Pec(1-p(1 —5)))
MO - Ba(6)
MPL

P! = BIMS — P55 —1]]

Y/
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where we set P as the numeraire and solve the system for:
{Q,N, v, L', L7 Wi, Wl Propi.C,Cl,Ct Y, Yl 0,17 K, MC,MS,V}.
Note that in this steady state (P, = P43 = P) and therefore inflation is

Zero.

5.3. Calibration

The period length is one quarter. Table 5.1 shows the parameters im-
posed. As standard, it was defined ¢, = 3 following Woodford (2003) and
d = 0.08 following Den Haan and Kaltenbrunner (2009) and Walsh (2005).
We choose €; = 11 implying a frictionless markup of 10 percent, which is in
line with the empirical estimate in Gali et al. (2001). The depreciation rate
dk is set equal to 5 percent, following Aguiar and Gopinath (2007). Table
5.2 shows the calibrated parameters, which are w, A/ /A?, ¢, p, and x. The
calibrated parameters match with the similar literature. Fernandez Martin
and Meza (2013) find A7 /A" = 2.1901 with data from Busso et al. (2012).
Batini et al. (2011) use as elasticity of substitution between formal and in-
formal goods o = 1.5, close to our calibration. The same work however, uses
w = 0.63, a little different from our calibration w = 0.83 which assumes a

stronger bias for consumer preferences.

Table 5.1: Imposed Parameters

Parameter Description Value
6] Quarterly discount factor 0.99
Y Inverse of the elasticity of labor supply 1

o Inverse of elasticity of intertemporal substitution | 1

M Matching coefficient 1

€f Elasticity of substitution between formal goods | 11

€ Convexity of capital adjustment cost 3

« Formal production capital share 0.30

0 Job destruction rate 0.08
0K Depreciation rate 0.05
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Table 5.2: Calibrated parameters

Parameter Description Value
w Household bias for formal consumption 0.83
Af

a Productivity ratio 2

c Real vacancy costs 0.2

I Elasticity between formal and informal goods | 1.8

X Worker bargaining strength 0.6

We can see the results for the steady state equilibrium in Table 5.3. The

wage gap of 18% matches with the estimations of Bargain and Kwenda (2010)

which assign a gap of 20% to 38% to informal workers (excluding the self-

employed). The share of employment in the informal sector is 33% which
matches the calculation of ILO (2012) that find a share of 34.1% for Mexico

in 2009. The relative size of informal production and consumption of infor-

mal goods with respect to their formal counterparts is 52% and 68%, which
matches the results obtained in INEGI’s Satellite Account of the Informal
Sector in Households (1998-2003). The price level of informal sector resulted

in 60% of general price level, a reasonable result although estimates are not

available in the literature.

Table 5.3: Steady State Results

Parameter | SS value | Empirical estimates Source

L 0.23 0.22 WorldBank (2009-2013)
L 0.52 0.59 INEGI (1998-2003)

= 0.68 0.71 INEGI (1998-2003)

£ 0.59 — —

=t 1.15 — —

W 1.18 1.20 — 1.38 Bargain and Kwenda (2010)
L 0.33 0.30 Satchi and Temple (2006)

The sensitivity analysis in Section A.1 shows that these results are ro-

bust to changes in two out of the three key parameters 'novel’ to this model
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(the job destruction rate § in Figure A.2 and the vacancy cost ¢ in Figure
A.3). From inspection of Figure A.1, the wage gap is unsurprisingly sensitive
to the worker bargaining strength y and the share of informal labor natu-
rally responds positively to an increase in the wage gap, as the segmentation

sharpens.

6. Log-Linearization

In order to look at impulse deviations from the steady-state path, we can
reduce the complexity of our nonlinear system by looking only at the log-
deviations from the steady state. For small deviations from the steady state,
the interpretation of these log-deviations (which are linear approximations)
is intuitive: they represent the percentage deviations from the steady state
denoted by

. T —x

B= = (32)

We next proceed to derive the log-linearized version of the model.

6.1. Market Clearing

The log-linearization of the market clearing equations (28) leads to:

=l + 1)+ v,

—~ [+eV [~ ¢V
—>ytf:(1— e )Og” L+ o5V

Y/f

Log-linearization of (16) and (1) turn the above equation into:

f 7,
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The log-linearized aggregate production functions are:

V) = o, + (1 —a)L! (35)
Yi = Li. (36)
The labor market clearing becomes:
N, =fLf +(1—¥) L, (37)
Lf
h =—¢€(0,1).
where f ~ € (0,1)
6.2. Households
The household Euler’s equation is:
. N 1. .
Ci = ECry — . lis — Eymiin + o] (38)
where i; = —log(Q41) is the interest rate deviation from steady state rate

Pt+1

and m; = log
t
aggregated and log-linearized:

N\ o
<%) Cfy+ (1 — Wk (%) > C

~ pftr P\ ~
Pt:u} Pft+<1—w — Plt

T =

Ct:w

Pi=n

which turns into:

—

P <7th — 7Tt> = ? [(Cit ~Ci) — (G~ at—l)]
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fioe
where ® = w

The labor supply equations (10) and (11) translate into:

Pl-n’
- o (W 1~ -
YN, =t (—UC} - ( Pt )) +(1—2) <§9t + \Ift) (41)
t
U =(1-B(1=0) |n | -oCin+ |3 +(1—n) (thH)
t+1
+B(1=8)Ty4 (42)
w!
i —C°
where ¢ = WC_U and n = 7 lid > 1. Mobility between formal
?C_U — Nw
and informal labor is given by:
—~ —~ 1~ ~
LIy =(0=98)LH+§ {5@ + thl (43)

6.3. Firms
6.3.1. Informal firms

With flexible prices, the marginal product of labor on informality is equal

to the marginal cost of labor at every period

—

W —~
(H)-%-5 (11)

6.3.2. Formal firms

Given that the ’effective salary’ (numerator of (20)) is the same for all
firms due to the wage bargaining mechanism and the fact that we are assum-
ing ¢ and 0 to be the same for every firm, we can express the log-linearized

real marginal cost at the firm level as:

«

ici(i) = me — —L—[Pf (i) = P/] -

— —[K() - K (45)
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where mc; is the real marginal cost of the economy given by (20) divided
by the price level. The same equation for the marginal cost (19) has to be

log-linearized:

—

— Wf . 1~ 1 — _— 77 c
mceyy = hwp;Jrl + he [lt + 5975] * h9§9t+1 ~ Yl + Ll +af (46)
1
wt =
where h,, = 7 IfﬁMQ )
WIGMO5 +c(1— B(1- 0))
he = ¢ and by = 1 — hy — he.

WIBMO 2 4 (1 — (1 —0d))
The price dynamics determined by (45) and (21) makes capital accumula-

tion indistinguishable from Sveen and Weinke (2005) leading to the following

equation:

Pl(i) = P/ =2, () Bimr + €520 (B7)" Eimeryr — A, (80 EK (1) — K (47)

1— 1— 1—
where ¢ = (1=fy){d-a) > 0 and A = M > 0. We then
(1—a+aef) (1—Oé+056f)
log-linearize real marginal savings:
—_— . —_— 6 = . = ]‘ - . -
) = 5 — (P (0) — B] — 1 [Ku(i) ~ K

where ms; is the aggregated real marginal saving given by (19) divided by
the price level.
@t:@t+th—E (48)

We now log-linearize the investment condition (17) and aggregate all firms

in the economy

1—B(1 —bk) 1

. 8 .
K+ ——EK. o+ Ems; 1 — m

1 .
1+8 1+ ep(1+5) (it — Eymiga)- (49)

Kt+1 =

Instead of solving the formal price dynamics numerically as in Woodford
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(2003), we will use the approximation made by Sveen and Weinke (2004)
where (49) and (47) join sequentially to give the following New Keynesian
Phillips Curve (or Aggregate Supply) relation for formal firms:

= BEm], + X'me, (50)
(1-9)(1-8y)(1-a)

v (1 —a+ oey)
linearized to yield:

where \* =

. The formal wage equation (24) is log-

Y A Pi, + Y7, — Li,— B + 04,
(PZ> = (= 0e(5 ) + A= =00 [(1=0) (P T B R 4 06) - (51)
W} fc
where Kk = W and ¥ = I v/

(1—a)- +6c
L

P

6.4. Monetary Authority
Finally, log-linearizing the interest-rate rule (25) yields:

iy = Tam + Ty Y. (52)

The full log-linearized system is defined by the aforementioned equations
that will define the following profile:

e e 7w
Y/, LI Yi Li, C,CT,C4 N, W, 6, (?>,mc,m37[(7wf7 (?),ﬂ'}
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= I+cV\ =3 I ~ ~ cV /j~ —
Y, = (1 - ) cf + [Kt-',-l - (1= 5K)Kt] + (9t + L%) (53a)

Y/ 5KYf Y/
Vi, = Ci, (53b)
Y/ = oK, +(1-a)L! (53c)
Yj =L (53d)
Ne=fLi, +(1-§ L7, (53¢)
~ . 1.
Ct = Etct+1 — ; [Zt — Et’/Tt_A,_l] + agg (53f)
~ oINS Lo~
o (2) s ( (<)) -
1—-d 1, — — ~ ~
f = m [(Clt —Ch1) = (Cr — thl)} + T (53h)
_ W 1~ -
1/)Nt = <—O'Ct + Wt ) 4+ (1 — L) <9t + \I/t) (531)
P, 2
U= (1= B(1=9)) |0 | —oCr+ 55| + (1 =) (VR
t+1
+B(1—6)¥y s (53j)
- - 1.7 11~
th+1 == 5%Lft + (]. - QE)LZt - 95§0t (53k)
W 1/
=— (Y- 1
(Pt> M(t Ct) (531)
__ W/ 1~ 1~ — — )
mcey1 = hwil + hc |:Zt + 9t:| + h9*0t+1 — th+1 + Lft_t,_l + a;f (53111)
Py 2 2
ﬂ/’lrgt = ’ﬁL\Ct + ﬁt — E (53n)
~ 1 =~ B ~ 1-8(1-9k) , 1 .
Kinw=—-K+—FEKiy o+ ———F — (14 — F
t+1 1+ 3 t 1+ 3 tih 42 €w(1+ﬁ) tTMSt41 €¢(1+5) (Zt T7Tt+1)
(530)
m] = BE] , + \me (53p)

—

w! Wi pi Vi — LI, — B, + 96,
RAS% T (1— X),i<t+1> +(1—=(1-x)K) {(1 —9) <Pft+l +YFf - LT — Pt) +199t}
Piy1 Pt

(53q)
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to hire formal and informal labor.

Impulse Responses

Figure 7.1: Impulse response to an aggregate demand shock
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Figure 7.1 shows the effect of a positive aggregate demand shock in the
model and in a benchmark model without the labor rigidities. The first thing
to notice is that informal employment is sharply countercyclical. An increase
of 35 basis points (bp) in total consumption is equivalent to a decrease of 50
bp on informal employment in the following quarters. This is the opposite
result from Castillo and Montoro (2008), in which informality was procyclical

in response to a demand shock. In their model, firms had the possibility

equilibrium, firms would prefer to hire cheaper labor. This permits the firms

35

At the marginal deviation from their



to hire workers in excess in response to a positive demand shock. In our
model, the nature of formal and informal firms is different and formal firms
cannot hire labor informally. The intuition for our result is the following.
Upon a demand shock, the household bias for formal goods favors the formal
sector. Both sectors increase their labor demand, but formal labor demand
takes labor directly away from the informal sector, whereas the informal
sector has to hire labor from the ’idle’ population. Consequently, we have
a matching function that is absorbing formal labor from the informal sector
at a higher rate than the informal sector can bring new labor into the labor
force. The informal sector is incapable of attracting enough 'new’ people
(people out of the labor force before). The reason for this labor shortage
is that households do not have to supply new labor to the informal sector
in order for their income to increase. As the informal share of household
moves towards a larger formal share, household income increases and is less
willing to give away leisure for a lower wage in the informal sector. A feature
of this mechanism is that the shrinking informal sector is at the same time
increasing informal wages in an attempt to attract labor. The consequence is
not only a decrease in the informal sector, but a reduction in the wage gap,
explaining two key stylized facts outlined in Section 3.

Formal employment behaves procyclically and its response in the presence
of informality is magnified by up to four times from the total employment in
the benchmark model without informality. The initial effect of investment in
the formal sector falls in the beginning more than it does in the benchmark
case but it recovers faster. This fact is explained by the marginal savings
faced by the firm. Since marginal costs of formal firms are higher (due to the
hiring costs involved in the labor market) one unit of physical capital is more
valuable than before. In short, firms are more willing to invest in physical
capital (I;) than they are to invest in labor than before. This effect, however,
is not very significant in response to a demand shock as the impulse responses

show. We can see in the robustness analysis (Figure A.5) that the hiring costs
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are not of extreme importance to our results. The important factor here is
the interaction between a sector capable of immediate absorption/release of
employees and a sector that is attractive for those workers, but which is faced
with a tightness and has to plan one step in advance for them.

It is noteworthy that the formal consumption gap and the output gap
behave more volatile than their counterparts in the benchmark model. Infor-
mality is magnifying the response of formal consumption and output. It is
convenient to point out here that informality represents a buffer that dimin-
ishes the pressure of demand shocks to inflation but amplifies its effect on
output. This is similar to the conclusions of Castillo and Montoro (2008) and
Conesa et al. (2002) who argue that informal labor ’allows firms to expand
output without putting pressure on wages’. When the shock comes from the
demand side, our result is almost in line with this literature, although it is a
bit more complex. Output response is twice as it would be without informal-
ity but begins its cycle slower than the benchmark model.?’ Inflation starts
with a higher volatility but sees its cycle been tempered quicker than in the
benchmark case.

Total employment barely changes its peak values (around 10 bp) from
the benchmark model, but the volatility of it from one quarter to the next is
reduced thanks to the labor dynamics described before. Regardless, the fact
that the peak value is the same as the benchmark model without informality
is probably at odds with the stylized facts we mentioned in Section 3 for
emerging markets, as we would be expecting a dampening of the total em-
ployment dynamics. The reason for this result is the simplification by which
households are able to pool their labor force risk.

In the Appendix we can see the sensitivity of these results to changes in
key parameters. As Figures A.4, A.5 and A.6 show, the results are robust

to changes in the worker bargaining strength y, the vacancy real cost ¢, and

20A fact arising from the labor dynamics faced by formal firms, in which they have to
plan their hiring one period in advance.
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the job destruction rate §. Figure A.7 shows how price stickiness is playing
an important factor in the size of the responses although even with a very

low price stickiness, the qualitative behavior of the results remains intact.

Figure 7.2: Impulse Response to a cost shock
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Figure 7.2 shows that if the shock comes from the cost channel (a tempo-
rary surge in the marginal cost of formal firms) the situation changes slightly.
The informal sector remains unambiguously countercyclical but its effect is
now to temper the business cycle as we can see from the output gap and the
consumption gap. When the shock comes from the supply side, the informal
economy is still a buffer to inflation, but it also tempers the cycle of the

entire economy. Output is half as volatile as it would be in the benchmark
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model.

It has been shown that the presence of informality has different effects on
output depending on whether the economy is faced with a demand or supply
shock. We can exemplify the different effects of informality by considering
a demand and a supply shock that would both decrease output. When that
negative shock comes from the formal supply side, informal goods are able
to step in as 'imperfect substitutes’. Informal output rises to satisfy the con-
sumer demand and the reduction in output and consumption is tempered
until the formal sector recovers. When a negative shock comes from the de-
mand side, informal sector rises to satisfy the labor supply that was dismissed
by the formal sector. This time, however, the effect of the informal sector on
labor supply creates a distortion in the labor market that worsens the posi-
tion of formal firms, sharpening the cycle and preventing a smooth reversion
to the steady state.

Finally, note that total employment is less procyclical than in the bench-
mark case, which aligns with the stylized fact mentioned in Section 3 that
estimates a lower correlation of total employment and business cycles in
emerging countries.

Note that the Taylor rule assumed for this analysis responded to both
general inflation (7, = 1.5) and general product (7, = 0.3), a reasonable
representation of the de facto reaction function of the Mexican central bank.
If we were to assign a Taylor rule with 7, = 0 —a closer representation of
the de jure mandate of Mexican central bank if we tightened the tolerance
bands— we would be facing multiple equilibria, a common feature of monetary
policy for models with firm-specific capital. The next section investigates in

detail the effect of informality in generating multiple equilibria.
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8. Determinacy Analysis

8.1. Self-fulfilling expectations in benchmark formal model

According to the dynamics of the benchmark model, the monetary au-
thority response could lead to multiple equilibria in the presence of firm-
specific investment. The mechanisms for self-fulfilling expectations can be
intuitively explained. In the absence of a capital accumulation, consider
a ’spontaneous’ increase in inflation expectations that is not supported by
fundamentals. If the monetary authority, by following the Taylor principle
(1 > 1), responds by increasing the real interest rates this decreases the
marginal costs for firms and exerts downward pressure on current inflation.
Thus, the monetary authority can easily prevent the initial inflation belief

from becoming self-fulfilling.

Figure 8.1: Indeterminacy regions of a model with firm-specific capital without informality.
Blue=Determinacy. Black=Indeterminacy. [Left, v vs 7,], parameters from Sveen and
Weinke (2005, p. 30). [Right, 7, vs 7], parameters were obtained from Duffy and Xiao
(2011, p. 977)

Formal model y vs 1 Formal model 1 vs 1

12

However, with firm-specific capital accumulation, indeterminacy can arise
under the Taylor principle. With a slightly different calibration we can see

in our benchmark model the border between regions of indeterminacy and
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determinacy. In Figure 8.1 we have followed the parametrization of Sveen and
Weinke (2005) (SW) and Duffy and Xiao (2011) (DF) to track indeterminate
states on different planes. SW region focuses on 7 vs 7, leaving the response
to product (7y) as zero. DF region focuses on 7, vs 7, leaving the price
stickiness () at 0.75. The reason for these indeterminacy regions is the
following. Let the monetary authority apply a simple interest rule as in SW

calibration, responding only to inflation for simplicity:
it = TxT¢ (54>

Given an increase in inflation expectations, an increase in the real interest
rate will also decrease investment, but this will increase the expected future
marginal costs derived from a lower capital stock. Thus, via the cost channel,
the net effect of this response may be an increase in current inflation allow-
ing for self-fulfilling inflations to be validated. Such indeterminacy will only
occur if there is sufficient price stickiness, as the higher the degree of price
stickiness, the stronger the future marginal cost will affect today’s inflation.?!
The left diagram of Figure 8.1 illustrates perfectly the mechanism of inde-
terminacy described above: as price stickiness increases, the indeterminacy
region widens and the monetary authority needs to react more aggressively

to avoid multiple equilibria.

8.2. Self-fulfilling expectations with informality
Figure 8.2 employs the SW and DF calibrations and illustrates the inde-

terminacy region in the presence of an informal sector when the interest rate

rule reacts to general inflation. Remember that the range of policy responses

21This is only an intuitive illustration of one of the possible mechanisms. For a deeper
explanation of the indeterminacy process, see Benhabib and Eusepi (2005) or Woodford
(2003).
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Figure 8.2: Indeterminacy regions with Firm-Specific Capital with informality and a gen-
eral inflation targeting rule. [Left,y vs 7., SW], [Right, 7 vs 7, DF]
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By inspection, the indeterminacy region is sizeably reduced.?> Why? An
increase in the real interest rate still affects the cost channel as mentioned
above. The difference lies in the presence of an informal productive sector,
as the formal cost channel is less important for the determination of general
inflation. The increase in the real interest rate will still push down inflation
via consumption, but the cost channel will exert less upward pressure as
before, yielding a higher region of determinacy. The right side of Figure 8.2
illustrates that as if the central bank also reacts to output in the policy rule,
the indeterminacy area shrinks, although for the region around 7, = 1.5 one

needs to apply a bit more of weight for output to avoid indeterminacy.

22In Section B of the Appendix we consider the robustness of this result to changes in
several key parameters.
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Figure 8.3: Indeterminacy regions with Firm-Specific Capital with informality and a formal
inflation targeting rule. [Left,y vs 7,SW], [Right, 7 vs 7, DF]
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The story is completely different if the interest rate rule reacted only to

formal inflation, as Figure 8.3 shows. With the following policies:

SW(left) iy = Tpm)
DF(right) iy = o] + Ty?

we have the opposite result. The reason for this sudden inability to achieve
determinacy is the following. With an informal sector under full price flexi-
bility, one would expect that ¢ > 71{ , implying that m, > Wf . The response
of the monetary authority, focusing only on formal inflation, will be too weak
to actually raise the real interest rate as i — 7/ < i — m. Thus, the Taylor
principle is not enough by itself to prevent self-fulfilling expectations. The
right side of Figure 8.3 shows the implications of reacting to aggregate output
in the policy rule. Increasing the response to output is still an effective way
to avoid the problem of indeterminacy, although the effectiveness is similarly

reduced.
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9. Concluding Remarks

In this work we have described a general equilibrium framework in which
a labor market with matching frictions is embedded into an economy that
allows for parallel types of production with different characteristics. Unem-
ployment does not rise. Calibration of the model leads to an empirically
appealing steady-state equilibrium with a realistic set of outcomes for the
Mexican economy. The impulse responses of the model behave as empirical
estimates would predict. We find that informal employment presents a sharp
negative correlation with the business cycle. More interestingly, the presence
of informality may temper or sharpen the business cycle depending on the
type of shock the economy experiences. The exclusion of a fiscal authority
and the operational contrast between sectors has aided to the tractability
of the model and to the isolated analysis of one of the rigidities responsible
for informal labor. Other simplifying assumptions, like the exogeneity of job
destruction or the ability of households to pool their labor risk could, for
future research, be relaxed.

The thesis then analyzed the impact of informality for indeterminacy. If
the monetary authority only responds to inflation in the interest-rate rule,
the indeterminacy region faced in the presence of informality importantly de-
pends on the measure of inflation. If the monetary authority reacts to general
inflation, the indeterminacy region is smaller than a formal only economy.
However, if monetary authority reacts only to formal inflation, indeterminacy
is not only greater, but it only takes a mild level of price rigidity to make
the Taylor principle redundant as an indeterminacy-preventing measure.

The findings of this model shed some lights on a range of questions of
central importance to the business cycles of emerging economies. The inter-
actions modeled in this framework realistically allow for spillovers to occur
from one sector to the other. Finally, since this model suggests that the in-
clusion of informal indicators in monetary policy setting can bring important

benefits, there is a strong case for improving the accuracy of such measure-
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ments in emerging economies.
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Appendices

A. Robustness Analysis

A.1. Steady-State Sensitivity
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Figure A.1: Sensitivity of Steady State to to worker bargaining strength x
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A.2. Impulse Response Sensitivity
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Figure A.4: Sensitivity of Impulse Response to worker bargaining strength x
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Figure A.5: Sensitivity of Impulse Response to vacancy cost ¢
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Figure A.6: Sensitivity of Impulse Response to job destruction rate §
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Figure A.7: Sensitivity of Impulse Response to price sickiness
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B. Indeterminacy Sensitivity Analysis
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Figure B.1: Determinacy region for calibrated model with informality v vs 7. [Left]
x = 0.4. [Right] x =0.8
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Figure B.2: Determinacy region for calibrated model with informality v vs 7. [Left]
w=1.1. [Right] p=2.5

o7



yvst, yvst,

5¢ 5
45 45
4t 4
35¢ 35
3t 3
R 251 525
2F 2
15F 15
1 1
0.5; 05
0.4 A 05 ‘5 06 ‘S‘ 0.7 ‘7 08 ;i 08 04 l’ 05 ‘5 0.6 ‘S 07 ‘7 08 85 08
T Y

Figure B.3: Determinacy region for calibrated model with informality v vs 7. [Left]
w =0.7. [Right] w =0.9

58



