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Abstract

Labor market informality is a pervasive feature of most developing economies. Motivated by the
empirical regularity that the labor informality rate falls with GDP per capita, both at business cycle
frequency and in a cross-section of countries, and that the Okun's coefficient falls with the level of
labor informality, we build a small open-economy dynamic stochastic general equilibrium model with
two sectors, formal and informal, which can replicate these key stylized facts. The model is calibrated
to Colombia. The results show that labor market and tax reforms play an important role in changing
the informality rate but also caution against over-optimism - with low GDP per capita, informality
will always be relatively high as there is insufficient demand for formal goods. Quantitatively we find
that higher productivity in the formal sector is key in explaining the difference between Colombia and
countries with significantly lower informality. We use the model to study how labor informality and
labor market frictions mediate the cyclical response of the economy to shocks, including commodity
price shocks which are particularly relevant in Latin America. Informality is shown to play an
important role as a shock absorber with the informal-formal margin limiting movements in the
employed-unemployed margin.
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1 Introduction

Informality is a reality across the World’s economies. According to the International Labor Or-
ganization, more than 60 percent of the World’s workers are employed in the informal economy -
ranging from around 90 percent in Benin to 5 percent in Iceland and Finland (ILO, 2018). In a
typical developing country, 35 percent of GDP is produced in the informal sector and the sector

employes 70 percent of the labor force (Loayza, 2016).

Broadly, we can think of informality as economic agents operating outside the framework of norms
and regulations defined by the state. This is a problem in and of itself as long as the set of norms
and regulations serves a desirable purpose. For example, workers in the informal sector might not
benefit from the protections and conditions intended to guarantee acceptable working conditions.
Similarly, the lack of tax collection from the informal sector can hamper the state’s ability to provide

public goods.!

The macroeconomic impact of informality is less clear ex ante but is likely to be important. In-
formality provides de facto flexibility which might be beneficial for growth if regulations are bur-
densome. But it can also hinder growth through various channels, including the lack of public
goods as mentioned above, distorted firm decisions (e.g., staying small to stay hidden) and allowing

unproductive firms to survive, thus distorting the allocation of resources further (Ulyssea, 2018).

In this paper we build a dynamic stochastic general equilibrium model that is consistent with the
empirical patterns of informality at both the business cycle and long run frequencies. In particular,
the model is able to replicate three key stylized facts: (i) Labor market informality is lower in
richer countries and declines as a country gets richer, (ii) labor market informality is counter-
cyclical, (iii) unemployment reacts more to the business cycle when informality is lower (larger
Okun’s coefficient).

We combine elements of the existing literature focused on steady state comparisons and business
cycle dynamics. Influential recent papers such as Meghir, Narita, and Robin (2015), Ulyssea (2010)
and Ulyssea (2018) investigate the interactions between economic policy, informality, output and
TFP in steady state by introducing heterogeneous firms that can choose whether to comply with the
relevant laws and regulations.? To combine business cycle dynamics with steady state comparative
analysis, we simplify some elements in the above papers. In our framework, heterogeneity is confined
to introducing a formal and informal sector that produce different goods taking TFP as an exogenous

process.> Another strand of the literature focuses more narrowly on studying the role of informality

IPerry, Maloney, Arias, Fajnzylber, Mason, and Saavedra-Chanduvi (2007) provides an extensive discussion of
the causes of informality and its implications for growth in Latin America.

2S8ee Rauch (1991) for an important early contribution.

3Some mapping between heterogeneous firm models and our approach is nevertheless possible. Varying the

exogenous TFP parameter in our model is akin to varying the exogenous mean of the firm TFP distribution in a
heterogeneous firm world. The endogeneity of TFP in heterogeneous firm models stems from the TFP cutoff for
firms which choose to enter the market and the formal sector while the mean of ex ante firm distribution is given.



over the business cycle and includes Leyva and Urrutia (2020), Bosch and Esteban-Pretel (2012)
and Restrepo-Echavarria (2014).* These papers typically analyze a particular country and do not
aim to explain cross-country variation. For example, in a recent model of the Mexican economy,
Leyva and Urrutia (2020) show that informality adds flexibility to the economy in adjusting to
domestic and international shocks, but at the cost of an excess output volatility - results mirrored

in our own analysis.

Our modeling framework builds most directly on Anand and Khera (2016) and Munkacsi and Sax-
egaard (2017). The model includes a representative household that consumes formal and informal
goods and supplies labor, perfectly competitive intermediate good producers, monopolistic compet-
itive wholesale final good producers, retailers, capital producers, and a public sector (government
and a monetary authority). Formal and informal firms (which produce formal and informal goods,
respectively) face different frictions in terms of entry costs, hiring costs and payroll taxes and while
informal goods can only be consumed by domestic households, formal goods can also be exported
and consumed by the government.

We specify the utility function such that there is a zero-income effect on the consumption of the
informal good. This captures the so-called demand-channel of informality as laid out by La Porta
and Shleifer (2014) among others.The idea of the demand channel is simple. Entrepreneurs who
want to modernize their business need to generate sufficient sales to cover the fixed costs of invest-
ment. When income is low, demand for formal goods may be too low to cover fixed costs. Demand
for low-quality, cheap informal goods expands the informal sector at the cost of the formal sector.
As we will show, this mechanism is important to allow the model to generate a decreasing, concave
empirical relationship between informality and GDP per capita (stylized fact (i)). Formal sector
TFP is the key model parameter which allows us to match the shape of the curve as it is in the
data. However, changes in aggregate TFP create a slope that is too ’flat’ - informality does not fall
sufficiently fast as GDP per capita increases. Taken at face value this provides information on the
role of TFP in development. Rather than both formal and informal sector TFP increasing hand-
in-hand, the model suggests that development is associated with a larger and larger gap between
formal and informal sector TFP as the former grows and the latter stagnates.

The model is also able to replicate the additional two stylized facts - labor informality is counter-
cyclical and the Okun’s coefficient decreases with the level of labor informality. The intuition for
the fall in the Okun’s coefficient comes from the role informality can play as a shock absorber.
Rather than having only one margin of adjustment (employed-unemployed), informality allows for
a second margin (formal employment - informal employment). The larger the informal sector, the

more important that second margin.® To the best of our knowledge the three stylized facts could

4Also see Castillo and Montoro (2012). Bosch and Maloney (2008) presents an influential description of informality
over the business cycle.
5Labor force participation offers an additional margin that is not captured in the model. For an empirical

discussion of the importance of the three margins of labor market adjustment in Latin America, see David, Lambert,
and Toscani (2019).



not be jointly captured in most existing models.

We use our modeling framework to study both the impact of structural reforms on steady state
outcomes and the role of informality and labor market frictions for business cycle dynamics. In
particular, we calibrate the model to replicate the Colombian economy (with parameters which
determine business cycle moments estimated using a simulated method of moments) and then focus
on how informality reacts to and mediates shocks over the business cycle.® We find that higher
formal sector productivity is necessary to substantially reduce labor informality, but labor market

reform is key to reduce the steady state unemployment rate.

TFP and commodity price shocks prove to be the most important shocks to match business cycle
moments for Colombia. Impulse response functions for both shocks display the expected reaction
of macroeconomic variables. Unemployment, labor informality, and output informality are shown
to be counter-cyclical. To better understand how the level of informality and labor market frictions
affect labor market dynamics, we compare the reaction of three economies to the shocks (i) our
baseline economy, representing Colombia, (ii) Colombia with lower labor market frictions, and (iii)
Colombia with higher formal sector TFP (the “rich” economy). Steady state informality is set
equal in (ii) and (iii) for a cleaner comparison. A higher level of informality, ceteris paribus and
conditional on TFP or commodity price shocks, mitigates business cycle fluctuations in GDP and,
especially, in consumption and unemployment. This is an important consideration given that higher

levels of informality are also associated with a less sizable welfare state.

The remainder of this paper is organized as follows. Section 2 briefly reviews three stylized facts
which our model aims to replicate. Section 3 provides an overview of the model while section 4
describes the baseline model estimation. Section 5 presents the results. Section 6 concludes. A full
description of the model can be found in Appendix A while additional tables on model calibration

and estimation are presented in Appendix B.

2 Stylized facts

There are three well-established stylized facts which we will want the model to replicate: (i) Labor
market informality is lower in richer countries and labor market informality declines as a country
gets richer, (ii) labor market informality is counter-cyclical at business cycle frequency, (iii) unem-
ployment reacts more to the business cycle when informality is lower. La Porta and Shleifer (2014)

and Bosch and Maloney (2008), respectively, discuss these in some detail.

To briefly illustrate the three points consider Figure 1 and 2 as well as Table 1. Some of the exercises

underlying the figures and tables draw on our work in David et al. (2019).7

STImportant references for our calibration of the model to Colombia are Daza and Gamboa (2013), Fernandez,
Gonzalez, and Rodriguez (2018) and Gonzales, Lopez, Rodriguez, and Tellez (2013).
"Time-series labor informality data for Latin American countries come from the Inter-American Development



Figure 1 visualizes stylized fact (i). In the top graph, the level of labor informality as defined by
the ILO (2018) is plotted against GDP per capita in USD from the World Bank (all data are for
2016). The strong, convex, negative relationship between the two is immediately obvious. But this
pure cross-sectional graph does not tell us anything about how informality changes as a country
becomes richer. The bottom graph completes the picture by showing labor informality and GDP
per capita over time for several Latin American countries.® All of them (with the notable exception
of Mexico) show a clear negative relationship between informality and GDP. But of course Figure
1 also makes it clear that GDP per capita is not the whole story - countries with the same level
of GDP per capita can have substantially differing levels of informality, especially for intermediate

levels of development.

To illustrate stylized fact (ii), Table 1 shows the negative correlation between informality and GDP

over the business cycle at annual frequency - informality is shown to be strongly counter-cyclical. °

Finally, Figure 2 documents stylized fact (iii) - unemployment reacts less to the business cycle (a
smaller Okun’s coefficient in absolute value) when informality is higher. To construct the figure,
we regress the change in the unemployment rate on GDP growth and one lag of GDP growth.
We then sum the two coefficients and plot them against the level of informality in 2016.1° As the
graph shows, the importance of the employment-unemployment margin declines as the informal-
formal margin becomes more important. In countries with the highest level of informality, the
formal-informal margin nearly fully replaces the employed-unemployed margin leading to very low

estimated Okun’s coefficients.'!

Banks (IDB) SIMS database (Labor Market and Social Security Information System). Data are harmonized across
countries; the working age population is defined as the population between ages 15 and 64. Cross-sectional labor
informality data come from the International Labor Organization (we focus on the share of informal employment in
total non-agricultural employment). Labor informality rates can differ by several percentage points depending on
the definition used, as illustrated by the differences in informality rates in large Latin-American countries between
Figure la and 1b. Moreover, the data shown in this paper can differ from those published by the statistical agencies
of individual countries.

8Historical informality data are not available in a consolidated dataset. We thus focus exclusively on Latin
America, using harmonized household survey data compiled by the Inter-American Development Bank. As shown
by the dots highlighted with a red cross in Figure 1a, large Latin American countries tend to have higher informality

rates than implied by their level of GDP per capita.
9Unfortunately, data constraints do not allow us to show correlations at quarterly frequency using harmonized

data. We thus use annual data from the Inter-American Development Bank. Data for Chile and Mexico are only
available for every second year and those countries are thus excluded from the table.

10While we just showed that informality moves with the cycle and thus picking data for 2016 - the cross-section
with the best data availability - might appear problematic, the correlation would look very similar at different points

in time given informality is a slow-moving variable in absolute terms.
H1David et al. (2019) and IMF (2019) have a more detailed discussion.



Figure 1: Stylized Fact (i) - Informality falls with Development (GDP per capita)

(a) Cross-country relationship between Labor Informality and
GDP per capita
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(b) Informality and GDP per capita across countries and over time

in Latin America

o

S
@ ™ ol
CER 0%
2 Voo o
go oo, "f\.r
=R LJ J
S a0 ©

(34 ] °
: T
So | o
kA °® 0.. ..d*.......
° om
o
N T T T T T T
0 5000 10000 15000 20000 25000

Real GDP per capita (2011 PPP USD)

e Argentina e Brazil
e Chile * Colombia
* Mexico e Peru

Note: Informality data in panel (a) are from the International Labor Organization. The red crosses
highlight Argentina, Brazil, Chile, Colombia, Peru and Mexico. The same set of countries is shown
over time in panel (b), using data from the Inter-American Development Bank.



Table 1: Stylized Fact (ii) - Informality is counter-cyclical

Correlation (InAGDP AL;/L) Correlation InGDP L;/L)

Brazil -0.12 -0.96
Colombia -0.75 -0.95
Peru -0.34 -0.92
Average -0.4 -0.94

Note: Data on labor informality are from the Inter-American Development Bank. Data on GDP are
from the International Monetary Fund. All data are annual.

Figure 2: Stylized Fact (iii) - Unemployment reacts less to GDP when informality is higher

Estimated Okun's coefficient

0 20 40 60 80 100
Informal Employment (percent)

Note: Unemployment and informality data are from the International Labor Organization. To estimate
the Okun’s coefficient the change in unemployment is regressed on contemporaneous and one lag of GDP
growth.



3 Model Overview

The model includes a representative household that consumes and supplies labor, perfectly compet-
itive intermediate good producers, a continuum of monopolistic competitive wholesale final good
producers, retailers which aggregate wholesale final goods into a consumption bundle, and capital
producers which invest to build new capital. Finally, there is a government sector which collects
taxes and borrows to finance public expenditures and unemployment benefits, and a monetary

authority which sets the short-term interest rate.

There are four types of goods: formal and informal domestically produced goods, imported goods,
and a commodity. The informal good is only used for domestic household consumption. The formal
good can be consumed domestically by households and the government, invested, or exported.
The imported good can be consumed or invested. The economy receives a stochastic commodity
endowment every period which is property of the government and is fully exported. Intermediate
good producers use capital and labor to produce formal and informal intermediate inputs, which
are sold to final good producers. Final good producers are monopolistic competitors that each
produce a differentiated formal or informal good using the intermediate formal or informal inputs.
The number of final good producers in each formal or informal sector is endogenous and depends

on a sunk entry cost.

Perfectly competitive retailers combine the differentiated formal goods into an homogeneous formal
good that is sold to households, capital producers, and the government, or exported to the rest of
the world. Retailers do the same for the informal goods, but the homogeneous aggregate is only
sold to households. Capital producers use imported and domestically produced formal goods to
produce capital that they sell to the household, which in turn rents it to the intermediate good

producers.

A detailed description of the full model can be found in Appendix A. In the remainder of this
section we focus on a discussion of household preferences given their importance for our model
relative to the literature. The representative household consumes a final consumption good C}
which is defined as a CES aggregate of the domestically-produced good C}, ; and the imported good
Ch s 5

1 ne—1 ne—1 | Me—1

Cr = |ald* Cpy e + (1 —ac)me Cpy e :

where a. € [0,1] can be interpreted as a measure of home bias and 7. > 0 is the elasticity of

substitution between home and foreign produced goods. The total consumption cost is
P.Cy = Py Chy + PriCry.

The optimal intratemporal allocation between C},; and Cy,; implies that the domestic price level

can be expressed as a composite of domestically-produced and imported good prices.

J
Py = [Py 7" 4+ (1 — ae) Py~ 770



while the demand functions are given by
Chyt = acp;gc Cy

Cf,t = (1 — ac)p;?cCt
where ps ¢+ = P, /Py, for s = {F, I, h, f} is the price expressed in terms of final consumption. Total
final consumption can be rewritten as

Ct =pptChyt +05:Cre

The domestic good C ; is a composite of the formal good, Cr, and informal good, C7, and takes
the following form:
Chi=Crt+ wcﬁtv

The quasilinear function ensures a zero-income effect on the consumption of the informal good C7 +
(Greenwood and Huffman, 1988). The formal and informal good are purchased at a price pp; (pr,¢),
expressed in terms of the final consumption good.

The total cost of domestic consumption is equal to

PhtCht = PrtCrt +01,tCr .

Intratemporal optimality conditions imply

pwCl = pri/pra-

Notice that the substitution effect reduces the value of informal good expenditure as its price rises

8(p1,tCI,t)

O(pr,t/PF,t) (pw) ™ (pr.t/PFt)

and the informal good expenditure share declines as total expenditure increases

(pf,t/pF,t)_l/(l_“)
(ph,tCh,t)2

The latter yields the negative relationship between GDP per capita and informality which is at the

6(p1,t01,t/ph,tch,t) - M

— <0
a(ph,tch,t) 1—p

(pew) ™"

heart of the paper.'?

12There might of course be other mechanisms which could yield similar testable predictions at the macroeconomic
level, but we are not aware of any that have been put forward in the literature.



4 Model Estimation

4.1 Steady-State Calibration

Our first goal is to see how well the model matches the stylized facts presented in section 2. We
compare a large number of steady states to mimic the cross-country dimension. To anchor those
exercises, we first calibrate the model to a representative Latin American economy - without lack of
generality Colombia was chosen. We then change the values of a few key parameters in the model
to obtain alternative steady states or ‘countries’.

An overview of the baseline calibration is shown in Tables B1 and B2 in the Appendix. Table
B1 lists the values of the model parameters set from values found in the literature, as well as the

sources used. Table B2 presents target ratios used to calibrate parameters such as firm entry costs.

Most elasticity and macro parameters are recovered from the literature, whenever possible from
papers focused on Colombia, such as Gonzales et al. (2013). For the labor market parameters, we
use values from related papers for Colombia or Latin America (such as Ulyssea (2018)’s estimates
for bargaining power in Brazil) when available. This leaves us with six unknown parameters whose
value is calibrated to match Colombia’s labor market outcomes. The six parameters are the three
TFP parameters (aggregate TFP, formal sector TFP and informal sector TFP) as well as the
parameter determining the elasticity of substitution between formal and informal goods (u) and
the two hiring cost parameters (8r and Sr). Due to the demand effect linking the level of GDP to
informality, the TFP parameters play a very important role in this model.

Table 2 compares the empirical ratios to the ones obtained from the calibrated model. The steady-
state matches the Colombian economy well. The three main labor market outcomes (labor infor-
mality, unemployment and formal to informal sector wages) are all closely matched as are major
macro variables such as the share of informal output in total output, the investment-to-GDP ratio
and the imports-to-GDP ratio.

4.2 Simulated Method of Moments

We use the simulated methods of moments (SMM) to estimate the parameters of the stochastic
processes which best match business cycle moments in Colombia under the baseline calibration.
Table 3 shows the resulting business cycle moments and compares them to the data: The top
block reports the moments targeted by the SMM while the bottom block provides an assessment of
the quality of calibration by comparing the simulated moments to the empirical moments of labor
market variables not targeted by the SMM. Table B3 in the Appendix reports the corresponding

parameter values.

10



Table 2: Steady-State Model Fit

Variable Variable Description Data Model
% Informal employment as share of total employment 0.55 0.51
‘;VV—’; Ratio of formal to informal sector wages 1.3-1.6 1.32
U Unemployment rate 0.13 0.13

g’g - Informal economy as share of GDP around 0.42  0.38
’ggJPI Private Investment as share of GDP 0.23 0.23
% Imports as share of GDP 0.22 0.26

Note: Data on the ratio of formal to informal wages in Colombia come from Daza and Gamboa (2013).
Data on the share of the informal economy in total GDP are from Ulyssea (2018). Measuring labor
informality is not a straightforward exercise and there is no unique number per country. The 0.55
reported in the table corresponds to ILO data which underlies Figure 1. The Colombia authorities report
several numbers, depending on coverage (urban versus national) and the definition of informality, which
are generally quite close to the ILO number. The ratio of formal-to-informal-sector wages is obtained by

first controlling for observable characteristics given that there is no worker heterogeneity in the model.

Persistent TFP and commodity price shocks are key to matching the Colombian business cycle
moments in our model. The resulting correlations between quarterly GDP growth and the growth
of key GDP components (private consumption, public consumption and investment) match the
data very closely. But the model-implied volatility of investment and GDP are higher than those
in the data. This is due to a tension between matching the volatility of GDP and matching the
volatility of unemployment and labor informality. Despite the presence of real wage rigidities and
an explicit shock to firing probabilities in the model, highly persistent TFP shocks are necessary to
match the volatility of unemployment, leading to excess volatility of GDP. The model is not able to
fully resolve this tension and the result is that the volatility of GDP is somewhat too high while the
volatility of unemployment is somewhat too low. The comparison of additional standard deviations
and correlations not targeted by the SMM in the bottom six rows of table 3 is encouraging - most
moments are adequately matched. '3

13 Although the SMM allows us to obtain parameter values in a more structured way, the results remain quite
fragile.
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Table 3: Business Cycle Model Fit - Target Moments and Check for Additional Moments

Target Moment Moment Description Data  Model

Std. dev. of quarterly (real) GDP growth sd(AlnGDP) 0.008  0.017

Std. dev. of quarterly priv. cons. growth sd(AInC) 0.006  0.005

Std. dev. of quarterly public cons. growth sd(AInG) 0.027  0.029

Std. dev. of quarterly investment growth sd(AlnT) 0.035  0.070

Corr. priv. cons. growth and GDP growth corr(AlnC,Aln GDP) 0.659 0.634

Corr. public cons. growth and GDP growth corr(AlnG,Aln GDP) 0.366  0.227

Corr. investment growth and GDP growth corr(AInI,Aln GDP) 0.295  0.269

Std. dev. unemployment rate sd(U) 0.020 0.011

Std. dev. of informality rate (annual data) sd(£t (annual)) 0.043  0.038

Moment Moment Description Data  Model

Std. dev. of change in unemployment rate sd(AU) 0.004  0.002

Std. dev. of change in informality rate sd(A%) 0.005  0.010

Corr. change in unemployment rate and GDP growth corr(AU,Aln GDP) -0.258 -0.854

Std. dev. of change in informality rate (annual data) sd(ALL (annual)) 0.016 0.012
Corr. change in informality rate and GDP growth (annual data) corr(A%(annual), AlnGDP(annual)) -0.748 -0.846
Corr. change in unempl. rate and change in informality rate (annual data) corr(ALL (annual), AU (annual)) 0.728  0.844

Note: Since informality data is of higher quality at the annual frequency we report the correlations involving labor informality using

annualized data (both in the model and the empirical data).



5 Results

5.1 Matching the Stylized Facts

Starting from the baseline calibration we change formal sector TFP along a large grid, conditional
on a set of values for labor market frictions (tax rate, hiring cost parameter and firm entry costs) to
obtain alternative steady states. Figure 3 plots the resulting relationship between labor informality
and per capita GDP from the model and compares it to the relationship in the data.!* The model
does remarkably well in matching the negative, convex relationship for levels of labor informality
between roughly 60 and 20 percent corresponding to per capita GDP between USD 10,000 and
USD 50,000. The model struggles to generate informality ratios above 70 percent for the poorest
countries in the World, with per capita GDP below USD 5,000, but the slope of the quadratic fit

matches the data well even in that region. °

Formal sector TFP (0r) is the key model parameter which allows to match the shape of the
curve. Simply increasing and decreasing economy-wide TFP (6,) creates a slope that is too flat’:
Informality does not fall as fast as per capita GDP increases. This result sheds light on the role of
TFP in the decline in informality as countries get richer. Rather than the simultaneous increase in
both formal and informal sector TFP, it is the growing gap between formal and informal sector TFP
as the former grows and the latter stagnates that drives the reduction in labor informality in richer
countries. This observation is consistent with the analysis in La Porta and Shleifer (2014) which
sees economic growth as being driven by the formal sector - ”firms run by educated entrepreneurs
and exhibiting much higher levels of productivity” - which leads to the relative and eventually

absolute decline of the informal sector.

The role of labor market frictions is also relatively limited compared to that of formal sector TFP.

We return to this issue below.

While stylized fact (i) highlighted a cross-country relationship between informality and per capita
GDP in the steady state, stylized facts (ii) and (iii) capture features of labor informality at the
business cycle frequency. For each of ’country’ or steady state derived above, we simulate the
model over 49 periods using the stochastic processes recovered through the SMM estimation in
section 5.3.16 One clear shortcoming is that the stochastic parameters were chosen to best match
business cycle moments for Colombia and the shock processes might vary by country. But given
that we want to simulate business cycles for a large set of steady-states/countries, it is impractical

to re-estimate a full set of stochastic processes for each of them. We use the simulation results to

14The model assumes a measure 1 of workers which equals the total measure of households. As such per capita

GDP and GDP are equivalent in the model.
15We map per capita GDP in the model to per capita GDP expressed in 2011 PPP USD using the ratio of GDP

in the model for the baseline calibration to Colombian per capita GDP data.
1649 corresponds to the number of observations we used to compute business cycle and labor market moments for

Colombia.

13



Figure 3: Stylized Fact (i): Data (Left-Hand-Side) versus Model (Right-Hand Side)

60 80
L L

Labor Informality Rate
40

Labor Informality Rate

) 20000 30000 40000 50000 o .
Real GDP per capita (2011 PPP USD) 0 10000

04
=)
=3
=3
=3

20000 30000 40000 50000
Real GDP per capita

Note: Informality data are from the International Labor Organization in panel (a). Panel (b) shows
steady state outcomes generated by varying formal sector TFP as well as labor market frictions around

the calibrated reference point (Colombia) represented as an orange diamond.
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calculate the correlation between the change in (log) GDP and the change in the labor informality
rate (stylized fact ii) and run a simple regression of unemployment on GDP growth to recover the
Okun’s coefficient (stylized fact iii) for each of the steady states.

With regard to stylized fact (ii), the correlation of the change in the informality rate and GDP
growth has the correct sign but is higher in the model simulations than in the data. In the model
the correlation of the change in informality and GDP growth is larger in absolute value than -0.6
in each of the steady states which we use to proxy Latin American economies (the average is -0.81)
whereas the empirical correlation is only -0.4 on average in the three Latin American countries for
which we have harmonized data. This may not be entirely surprising though since the model was
calibrated using data for Colombia only. And the model matches the Colombian data well (-0.75
in the data versus -0.85 in the model, see Table 4).

Table 4: Stylized Fact (ii): Data versus Model

Corr. InAGDP, AL;/L) Corr. InGDP, L;/L)

Data Model Data Model
Average of Latin American economies  -0.4 -0.81 -0.96 -0.98
Colombia -0.75 -0.85 -0.95 -0.99

Note: Data on labor informality are from the Inter-American Development Bank. Data on GDP are
from the International Monetary Fund. All data are annual. In the data, the average for Latin American
economies corresponds to the average of Brazil, Colombia and Peru as presented in the stylized facts
section above. In the model, the average of Latin American economies corresponds to the average of

the baseline calibration (Colombia) and 16 other steady states with similar levels of informality.

Finally Figure 4 plots estimated Okun’s law coefficients against steady state labor informality
from the data and the model. In the case of the model, the Okun’s coefficients are estimated
from simulated business cycles starting from different steady states, but using the same stochastic
processes. Nevertheless, the model does well, both in terms of the average level of the Okun’s
coefficient and in terms of the slope of the relationship with labor informality. As noted before,
the model does not cover the full empirical support of the labor informality distribution but is
restricted to the range of 20 to 65 percent. Yet the relationship between the estimated Okun’s
coefficient and labor informality is upward sloping in the model just as in the data: The higher
the level of informality, the stronger the informality-formality margin relative to the employment-
unemployment margin. Quantitatively, the slope and intercept of the fitted lines are nearly identical
in the data and the model.
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Figure 4: Stylized Fact (iii): Data (Left-Hand-Side) versus Model (Right-Hand Side)
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Note: Unemployment and informality data are from the International Labor Organization. To estimate

the Okun’s coefficient the change in unemployment is regressed on contemporaneous and one lag of GDP

growth, both in the empirical data and the model-generated data.
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5.2 The Role of Structural Reforms for Labor Market Outcomes

Given the model’s ability to match the stylized facts it was set out to capture (with all the caveats
that apply), we can use it to investigate the role labor market reforms could play for unemployment

and informality in Colombia.

In 2012, Colombia reduced the payroll tax from 29.5 to 16 percent. Several papers have subsequently
studied the impact of the reform on labor informality and have concluded that it resulted in a
reduction of 2-3 percentage points (see, for example, Fernandez and Villar (2017)). We can compare
those empirically estimated numbers with the model predictions of the expected impact. The model
results show that increasing payroll taxes from 16 to 29.5 percent (the reverse of the actual reform
given that our baseline calibration has a tax rate of 16 percent) would increase labor informality
by close to 4 percentage points, somewhat above the empirical estimates. At the same time, the
model also suggests that the unemployment rate fell by 1 percentage point as a consequence of the

2012 reform (we are not aware of an empirical estimate to compare this to).

To study the effect of broader labor market reforms, as well as to return to the role of higher
TFP alluded to in the discussion of stylized fact (i) above, we compare the steady state for two
additional calibrations: one which has all the same parameters as the baseline except lower formal
sector frictions (lower firm entry costs, lower labor tax and lower hiring costs, although those
frictions remain of course higher in the formal than in the informal sector), and a second one which
simply has higher formal sector TFP (given the importance of the parameter for matching the
cross-country data). We thus obtain three steady states: (a) Colombia, (b) Colombia with flexible
labor market, and (c) Colombia with higher formal sector TFP. We set the change in TFP in (c)
such that the steady state labor informality rate in (b) and (c) are the same. The changes relative
to the baseline are large: (b) cuts all formal sector frictions by half, while (¢) increases formal sector
TFP by 25 percent.

Table 5 reports key variables for the three steady states. The results show that a broad labor
market reform does have the potential to substantially change the level of labor informality and
unemployment. The impact on informality is both direct, by reducing the wedge between the
formal and informal sector, and indirect - by making the economy richer, the demand effect induces
an additional fall in informality. The level of informality still remains high at 41 percent even
following what amounts to drastic reform. On the other hand, an increase of 25 percent in formal
sector TFP reduces labor informality through the demand channel only (notice the higher level of
real GDP in (c)) and leads to the same level of informality as the labor market reforms in (b).
This highlights again the interaction between income level and informality, as previously discussed.
However, unemployment (the second margin of labor market adjustment in the model) shows a
rather different picture. The flexible economy has lower unemployment than the baseline economy
as expected. But the rich economy does not experience any reduction in unemployment relative to

baseline. This is consistent with a lack of clear cross-country association between GDP per capita
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and the unemployment rate (the empirical correlation is -0.1). Based on the model results, both
labor market reform and productivity gains have a role to play in reducing informality, albeit the
latter seems to be the dominant force. Labor market reform is key for lowering unemployment,

however.

Table 5: Steady-State - Baseline Economy vs. Low Frictions vs. High TFP

Variable Variable Description (a) Baseline (b) Low Frictions (c) High Formal Sector TFP

RGDP Real GDP 0.71 0.84 0.92
U Unemployment Rate 0.13 0.1 0.13
L Labor Informality 0.51 0.41 0.41

g’DY 5 Output Informality 0.39 0.28 0.25
VV[I/,—II” Formal to Informal Wages 1.31 1.49 1.68

Note: Baseline corresponds to the calibration as presented in Section 4.1. Starting from the baseline
calibration Low Frictions shows the steady state when entry costs in the formal sector, the payroll
tax rate and the hiring cost parameter in the formal sector are cut in half. For entry costs, given
that the parameter is calibrated to match a target ratio, the change is approximate. Starting from the
baseline calibration High Formal TFP shows the steady state when formal sector TFP is increased by
25 percent.
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5.3 Business Cycle Dynamics

Inspecting the impulse response functions to a TFP and commodity price shock helps to understand
the mechanics of the model. In both cases we focus on the reaction of the formal and informal labor
market to shocks with high persistence (see Table B3). To gain additional insights we also compare
the baseline economy with the above discussed case of a flexible labor market and with a rich
economy case. As previously mentioned, for comparability, the informality share of employment
is set to be the same across calibrations (2) and (3). Note, however, that steady state output

informality is the lowest in the rich economy (Table 5).

TFP shock

A positive one-standard-deviation TFP shock (i.e., a 2 percent increase in TFP) that equally affects
both the formal and informal sector boosts GDP growth and stimulates consumption, investment,
and exports in all three economies. The impact is similar across calibrations but slightly stronger
for the rich and flexible economies as the formal sector, which is more capital intensive, can better
exploit higher productivity, reflected in relatively higher exports. The fall in unemployment is
also stronger in the rich and flexible economies. Not surprisingly, inflation declines mildly and
unemployment falls as hiring in the formal sector increases, triggering a monetary policy reaction.
The higher income levels induce a change in preferences towards the formal good whose demand
also benefits from higher investment and exports. Thus, factors of production reallocate toward
the formal sector which increases its relative share in both employment and value added. Finally
(not shown), the shock also induces an improvement in the fiscal balance as the payroll tax base
expands, allowing for a cut in the distortionary payroll tax rate. The fall in labor market informality
and in the informality share of value added is the strongest under the baseline calibration. This is
not surprising since the economy starts from a relatively higher level of informality. Similarly, the
fall in unemployment is smaller reflecting the countercyclical nature of the informal sector which
shrinks during periods of boom. Since all responses are symmetric, a higher level of informality,
ceteris paribus and conditional to TFP shocks, mitigates business cycle fluctuations in GDP and,
especially, in consumption and unemployment. This is an important consideration given that higher

levels of informality are also associated with a less sizable welfare state.

Commodity price shock

A positive one-standard-deviation commodity terms of trade shocks (i.e., a 10 percent increase in
the commodity price) has some similarities with the TFP shock as it boosts GDP, consumption,
and investment. However, the positive wealth effect appreciates the exchange rate and the (non-
commodity) export volume declines. The higher income, however, induces an increase in household
demand for domestic goods, but more so for the formal goods. Coupled with an increase in in-
vestment (and notwithstanding the decline in export demand), value added and employment in
the formal sector expand relatively more. Hence, the informal share in both value added and em-

ployment declines in the three economies. Also, the cost of imported goods declines, increasing
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the competitiveness of the formal sector vis-a-vis the informal sector.!” The difference between the
three economies is less pronounced than following a TFP shock, and the impact on the informality
share is smaller, which in part is due to the different behavior of the (non-commodity) export sec-
tor. As before, the reduction in unemployment is the smallest for the baseline calibration because
the behavior of the informal sector is, once again, counter-cyclical also conditional to a commodity
price shock. Interestingly, the fall in unemployment is not high enough to compensate for the initial
reduction in inflation which triggers an interest rate cut.

17Quantitatively, a temporary but persistent positive shock of close to 10 percent in commodity export prices is
estimated to increase the level of real GDP by 0.6 percent for over 20 quarters, driven by a sharp short term increase
in investment of over 6 percent and a more persistent but much smaller increase in consumption. Non-resource
exports fall by around 1 percent but recover in the medium-term.
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Figure 5: Reaction to Positive TFP Shock
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Figure 6: Reaction to Positive Commodity Price Shock
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6 Conclusion

In this paper we presented a dynamic stochastic general equilibrium model which can replicate key
stylized facts about the relationship between the informality rate, the unemployment rate, and GDP,
both across countries and over the business cycle. The model is calibrated to match features of the
Colombian economy. We show that a 50 percent reduction in all labor market frictions is necessary
to achieve the same reduction in labor informality as that obtained by a 25 percent increase in labor
productivity in the formal sector, highlighting that while both channels are important, reductions
in informality will always be bounded absent productivity gains. On the other hand, higher formal
sector labor productivity has no direct impact on the unemployment rate while labor market reform
to reduce frictions is key in that regard. Over the business cycle informality acts as an important

shock absorber, limiting fluctuations in unemployment and macroeconomic aggregates.

Future work could refine the modeling of the government sector to allow for a more nuanced look
of how different fiscal policy tools affect outcomes. On the monetary policy side, the model results
suggest that economies with higher informality may need to move the policy rate less as growth,
unemployment, and inflation react less to shocks. Future work could explore whether the way
informality is specified in the model has an important bearing on this result or whether it holds up
in different specifications. Overall, we see our attempt as an initial step to incorporating informality
more rigorously in standard macro-economic models used for policy making across governments and

central banks in emerging markets.
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Appendices

A Model Description

A.1 Household

The representative household is made up of a continuum of members represented by the unit
interval. Household members can supply formal, Lg, and informal L; labor. Each period, the
representative household receives labor income, profits from final good producers, capital income
from renting capital to intermediate good producers, interest income from domestic and foreign
bond holdings, and income from selling the depreciated capital stock to capital good producers. It
uses this income to consume and save in the form of domestic and foreign bonds (denominated in
foreign currency) and new capital bought from capital good producers, and to invest in start-up
firms. Formally, the representative household maximizes the expected discounted lifetime utility of

consumption:

oo

Ey Z B (et (1= h)In(Cy — hCy—1) —v(Lps, L1 +))

t=0
subject to a budget constraint, where C; denotes consumption; the discount factor § and the
external habit persistence parameter h both lie between 0 and 1;'® (¢ is a consumption preference

shock; and the function v(.,.) captures the disutility from working.

A.1.1 Labor supply

The labor supply requires that the mass of both formal and informal employed members is bounded
0<Lsy <1, fors=F,I;while Ly = Lp;+ Ly is the total fraction of members employed satisfying
0 < L; < 1. Labor force has, thus, been normalized to 1. Following Blanchard and Gali (2010), we
assume

v(Lpg, Lrt) = fFL};-;)\F/(l +Ar) + €1L}:§)‘1/(1 + A1)

where we allow for a different disutility of labor between formal and informal jobs.
There is no job search cost for the household members, however, frictions on the hiring side will

result in a share of household members to be unemployed and a flow of household members entering

and exiting jobs in each period.!® End-of-period unemployment Uy is, thus, equal to 1 — Lg; — Ly ;.

18We are considering a “catching up with the Joneses” utility function as in Abel (1990), so that the household

does not take into account the effect of current consumption decisions on the habit stock.
19Household members are insured against labor income shocks which guarantees the same consumption level across

all household members regardless of their employment status.
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Employed individuals earn a wage W in the formal sector, which is subject to labor income tax 7p,
and a wage Wi in the informal sector. Unemployed individuals receive an unemployment benefit
Wy,t. The wage is Nash bargained with intermediate good firms.The marginal rate of substitution

between working in sector s and consuming for the representative household is given by:

(Cy — hCi_q)

MRSS = SLQ )
St 5 ,t CC,t(l_h/)

se(FI). (1-2)

A.1.2 Preferences

The final consumption good C; is defined as a CES aggregate of the domestically-produced good
Ch+ and the imported good Cf +:

nc
ne—1 | Me—1

. ne—1 1
Ct = aclc Ch,t ne _|_ (1 — ac) e Cf,t Ne R

where a. € [0,1] can be interpreted as a measure of home bias and 7. > 0 is the elasticity of
substitution between home and foreign produced goods.

The demand functions are given by
Ch,t = aepy, 1°Cy (3)

Cre = (1 - ae)p;1C (4)

where ps 4 = Ps /P, for s = {F,I,h, f} is the price expressed in terms of final consumption. Total

final consumption can be rewritten as

Ct =pn,tCht +51Cr (5)

The domestic good Cj, ; is a composite of the formal good, Cr, and informal good, C7, and takes

the following form:
Cht=Crs+ wCﬁt, (6)

The total cost of domestic consumption is equal to

PhtCht = PrtCrt +01,:Cr . (7

Intratemporal optimality conditions imply

pwCY = pry/pra- (8)
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A.1.3 Financial and physical capital investment

Households can invest in inflation-protected domestic bonds issued by the government, B, and inter-

*

. . . . . j— P,
national bonds B* denominated in foreign currency. The real exchange rate is defined as =; = e, 7

where e; is the nominal exchange rate and P;* is the price of foreign consumption. Financial wealth

at the beginning of period is (1+7¢—1)Bi—1 +E¢(1+7;_;)B;_; where r; is the domestic real interest
rate and r} is the real interest rate at which the household borrows or lends foreign currency funds
converted in real local currency at the rate =;.

1 .
1+7‘t:Et|: +Zt:|

Tt+4+1

(9)

where 1, = P;/P;_; denotes inflation in period ¢ and 4; is the domestic nominal interest rate.
Following Turnovsky (1985), we assume the household pays a transaction cost when trading in the
foreign currency bond. The intermediation cost depends on the holdings of net foreign assets as a
ratio to GDP.

@(B) = exp (pp-E:B; /GDP,) .

We define
Hp,=—-B, —Ep(B;)Bf + (1 +1-1)Bi—1 + (1 +7r{_1)B;_;.

The beginning of period capital stock, K;_1, is rented at a (real) rate Rf to intermediate good
producers in period ¢ and then sold depreciated at a rate J, at the end of the period to capital
producers for a price ¢, expressed in final consumption. Since the investment bundle is in general

different from the consumption bundle, the real price of capital, @), is not one in the steady state.

A.1.4 Entry costs and corporate Profits

The household owns all the firms in the economy. Retailers and capital producers are competitive
and thus have zero profits, but intermediate good and final good producers have positive profits
in steady state. Hiring frictions give intermediate firms positive profits, Hi,t > 0, while final good

wholesale producers enjoy monopolistic competition profits, Hf;t > 0. The household bears the

cost of starting new monopolistic (formal and informal) wholesalers. The entry costs PripC >0

Py
Plét‘t EC; > 0 are expressed in terms of the final consumption good. The total profit from
intermediate firms and cash flow from wholesalers is

and

Hp; = Z [Hi,t + (H£7t 7ps,tECsN:,t)] )
seF,I

where Nf., and N7, denote the number of new final good producers (entrants) in the formal and
informal sector respectively, while Ng; and Ny, are the numbers of installed final good firms in
each sector.
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A.1.5 Budget constraint and equilibrium conditions

The household’s budget constraint can be written as:
Cr+ QK+ Ty = RFK; 1 +Qi(1—61) K1+ Hpy+Hpy+ (1 —7p)Wri Ly + Wi Lrg+ Wi Uy,

where T; is a lump-sum tax.

The first order conditions with respect to Cy, K¢, By, and B} yield:

[ RY 1-94
1= By |pp— + <Q k)QHl} (capital pricing) (10)
L t
1=E;[pt41(1+ 1)) (domestic bond pricing) (11)
= 1 i
1=F: |pti+1 ;H (1+7%) = (foreign currency bond pricing) (12)
where o — he
Pri+1 =P <CC7H1) ( P tl) . (13)
Coyt Cit1 — hC;

Equations (11) and (12) imply the uncovered interest parity.

A.2 Intermediate good producers

Intermediate good producers in the formal and informal sectors are perfectly competitive firms
producing intermediate formal and informal goods, Zg; and Z; ., by combining capital and labor
via a Cobb-Douglas function with possibly different capital elasticities, ¥ r and v;, aggregate total
factor productivity 6, ¢, and sector-specific productivities 6, and 0y ;:

Zoy = 0a405 K L%, s e (F ). (14-15)

Part of that output is used to pay for hiring costs HC; when the firms hire new labor H,;. As
in Blanchard and Gali (2010), hiring costs are an increasing function of labor market tightness

. =y  H, /Uy where U, denotes unemployment:

HC,y = Bpsxy"™" (16-17)

The profit function of intermediate good producers in each sector is therefore:

I, =pZ(Zey — HCy Hyy) — WoyLoy — RE Koy, s € (FI). (18-19)
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where pf, = Iji;t. The number of people employed in each sector varies depending on firms’

endogenous hiring decisions and on a sector-specific, time-varying, probability of firing o, ;. Given
the linear hiring cost, there is no incentive for labor hoarding.

Employment in each sector follows the law of motion:

Lit=0—0s1)Les1+ Hay, se(FI). (20-21)

)

Intermediate good firms in each sector choose {Ks 14, Lstyi}52, to maximize the expected dis-

counted value of current and future profits:

o0
Ey Z prarilly i,
i=0
where pg4; = ﬁ’(%)(%) is the stochastic discount factor. The first order conditions
are:
k __ 2z stt
R} = psytwsK , se(FI) (22-23)
s,t
Zs,t

Wi =5 (1 —1s) —pi HCs s + By [provaps 1 1 HCs 111 (1 — 04041)] . s € (F ). (24-25)

Ls,t
As the rental cost of capital RF is the same in the formal and informal sectors, the capital intensity

of output in each sector is determined by the relative prices of the formal and informal goods.

A.3 Nash Bargaining Wage determination

The wages W, and W, are a weighted average of the steady state wages W; and W, and the
wages obtained as the solution of a Nash bargaining process between workers and intermediate good
producers W]’t and Wp,t:
Wre=siWis+ (1—s)Wr (26)
WF,t = SFWF,t + (]. — SF)WF (27)
While it does not affect the steady state wages nor the equilibrium wages computed from a first-
order approximation of the model equations around the steady state, this formulation allows to
reduce the volatility of the equilibrium wages, making it easier for the model to match the data.

The bargaining power of both the worker and the firm in sector s is determined by the exogenous,

time-invariant parameter 7, € [0,1]. The bargaining problem in each sector can be written as:

s 71=s
max(Vse — V)™ Jo ",
W,

where V ; is the value for a worker of being employed in sector s, Vi ; is the value of unemployment,

and J,; is the marginal value of a worker for the firm.
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Let X}}’t and X?,t denote the probabilities for a worker of being hired respectively in the formal and
informal sector. Those are given by the ratios of new hires in each sector to the pool of unemployed

workers:
Hs,t

= y
Ui—1+opiLpi—1+0reLlri—1

Xs.t s€(F1I) (28-29)

where U;_1 denotes unemployment at the end of period ¢ — 1. The values of employment in the
formal and informal sectors can then be written as:
Vee=(1- TF)WF,t + MRSpi+ Ei[ptt+1((1 — opeq1 + O—F,t+1X%,t+1)VF,t+1

+ UF,t+1(X’},t+1W,t+1 +(1— X}}L?,t+1 - X}IL,t+1)VU,t+1))]

Vie=Wri+ MRS+ Eilpris1(1 = o1 + 0rea Xt 1) Vias
+ UI,tJrl(piIg‘,tJerF,tJrl + (1 - X}},t+1 - X?,t+1)VU7t+1>)]-

The value of unemployment is:

Vo =Wus + By [Pt,t+1 ((1 - X}}l?,tJrl - X}Il,t+1)VU,t+1 + X%‘,H»lVF,tJrl + X}Il,t+lvfﬂf+l)} .

Finally, the value for the intermediate good producer of hiring an additional worker is simply equal
to the hiring cost, that is Js; = HCs4pZ ;.

The sharing rules are as follows:

Ve — Vo = 1 JE (1- TF)JF,t
F
Vie—Vue = 1 e Jrt.
— 1

Inserting the value functions in the above sharing rule gives the following equations for the real

wage in the formal and informal sectors:

~ YF WUt MRSt F
Wpt = ———HCpp7 : :
Ft =T - FitDp T+ [ 1= p

pri+1(l — oFii1) <

h
Yr o XIt+1

E
o [ g

YF
HCI,t+1p§,t+1 - q

(1- X}I?,t+1)HCF,t+1P%,t+1> ]

(30)

Wl,t = %HC’LW?]‘/ + Wy + MRS 1

YF 2 VI z
+ L |:pt,t+1(1 —O0r.441) <1 B (1- TF)X’Fl’,t+1HCF,t+1pF,t+1 - 1_77](1 - X’Il,t+1)HCI,t+1pI,t+1>:| .
(31)

A.4 Retailers

Formal and informal retailers produce homogeneous formal and informal goods, Yz and Y7, using
final good varieties Yr(jr) and Y;(j;) bought from wholesalers. The production function that
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transforms final goods into final output is given by:

Yo =

Ns ¢ ca—1 es—1
/ Ys.1(Js) = djs‘| , se(F)
0

where ¢, is the (constant) elasticity of substitution between final goods. Solving the cost minimiza-
tion problem given all final producer prices P (js) and P, yields the demand for the final good
s:

St

Ps,t(js):| oo Y .

Y;,t(js) - |: P ;
8,

The corresponding price index is given by:

Ns,t ﬁ
P.;= V PS’t(jS)l_EdeS] )
0

A.5 Wholesale final good producers

There is a continuum of monopolistically competitive, wholesale formal and informal final good
producers owned by the household, indexed by jr € [0, Np,] and j; € [0, N74]. Each firm buys
intermediate goods Zp(jr) and Z;(jr), to produce different wholesale good varieties Yr(jr) and
Y;(jr) that are sold to retailers at a price Pr(jr) and Pr(jr), respectively. The wholesalers’ pro-
duction function is linear: Y;(js) = Zs(js), which implies that MC,; = PZ,/P; = p%, is the real

marginal cost common to all firms in sector s.

New entrants in the formal and informal sectors, denoted N, and N7 ,, face an exogenous sunk
entry cost equal to respectively ECr and FECT units of each final goodIncumbents and new entrants
face a probability of bankruptcy dr or d;. This also means that only a 1 — dp (1 — d;) fraction
of firms that enter the economy in period ¢ starts producing immediately while a dr (&;) fraction
exits.The number of firms operating each period is then:

Ngt = (1—=05)(Nsi—1+Ng,), se(FI). (32-33)

When deciding whether to enter or not, prospective entrants compare the present discounted value
of their expected post-entry profits to the sunk entry costs. Entry occurs until the firm value is
equalized with the entry cost, yielding the free-entry conditions:

B> prai(1 =6, (Gs) = pas ECS(1 + &iy),  for all firmsj, s € (F, ).
=0

Free entry thus implies that all firms in sector s enjoy the same flow of profits Hit(js) = I:If;t for

all t. The above equation can be rewritten in a recursive form:

Pt BCs(1+ &) = prpr1(1l — 8) ECSEy [psy1 (1 + Eirg1)] + (1 — 6:)TIL,, (34-35)
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where

g

s,t =

Pst(js) . ¢s Pst(js) 1 2Pst
2P R Y. IR B s r—— Y.
( Py Pas ) Youls) 2 \Ps1(js) 7 Pt

Prices are sticky and wholesale producers face a quadratic price adjustment cost a la Rotemberg

(1982). 7 is inflation in the steady-state. The parameter ¢ measures the cost of price adjustment

in units of the final good s € (F,I). Final good producers choose the optimal (real) price ps .(js) =

P, (js)/ P, to maximize

Y;,t+i7

[e%s} . 2
' ) 3 ) T s
E; ;pt,t+i [(ps,t+i(js) _p;tJri) (ps,t+i(Js)/Ps,t+i) S — % (m;l - 1) Ps,t+i

where we substituted for each firm’s output Y5 ;(js). In a symmetric equilibrium all firms behave
identically, that is, they all charge the same price p,; and produce the same output Ym We have

thus the following relations between firm-level and aggregate variables:

1
ps,t(js) = ps,t = N;St_lps,ta s € (F7 I) (36737)

Ys,t(js) = Ys,t = Nsl,tjsys,t-

Hence aggregate sectoral output Y ; is increasing with the firms mass N ;.

Similarly, aggregate sectoral profits are increasing with Ny ;:
Hg‘at = Svtﬁz,h s € (F1). (38-39)
with

Yoy, se(FI) (40-41)

_ 2
= _ _ —eo  Os [ Psp T
of, = [(Ps,t —054) (Dst/Dsit)” " — ?s ==t 1) pay
Pst—1 T

The optimality condition for price-setting can be written as:

——es—1 _ —€s _
_ Psyt Ds,t Psit Tt [ Pst Tt
—E&s (ps,t _p;t) Sie + (S> - ¢5 — St - <_ St - — 1) Ys,t
5.t Ps,t Psit—1 T \Ps,;t—1 T
Ps,t+1Ds,t+1 Tt+1 [ Ds,t+1 Tt+1
+ E; |:pt,t+1¢s . +_2 an plax ( Al 1) Ys,t+1] =0, (42-43)
s,t m Ds,t m

In steady state, the firm-level optimal price is a markup over marginal costs ps = psp? and profits
reduce to I/ = (s — 1)p?Ys, where us = ,/(e5 — 1). Aggregate sectoral firm profits are increasing
in the number of firms N, and sectoral output Ys: ITf = (u, — 1)p§YSN51/(1_ES).
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A.6 Capital producers

Capital producers are competitive firms that purchase the depreciated capital stock (1 — dx) K1
from the households, buy an amount I; of a composite of imported and domestically produced

formal goods to produce new capital, and transform it into new capital via the technology:

K I 2
Kt = (1 — (Sk)th] + It - = L 61@ thlv (44)
2 \ K1

where k > 0 is a scale parameter affecting the magnitude of the capital adjustment cost.

Capital producers choose I; to maximize

2
K It I
ILi——=|———-9§ K,_ —p, "I
Qt(t 2<Kt1 k) t1> Py,

where p!™ denotes the price of the investment good in units of final consumption.
The first order condition yields the following equation for the price of capital Qy:

Qi [1—f<: (K” —@)} — i, (45)

t—1

The investment good is a CES aggregate of domestic formal and imported goods:
% np—1 1 nr—1 | nr—1
I = OlI”IF,tA"’ +(1—C¥1)’”If,t nr ,
where a; € [0,1] and n; > 0, Irr and I, are the quantities of respectively domestic formal good
and imported good used for investment. It follows that the investment price is

1

pi™ = g + (1= anpy" |7 (46)

Total investment cost is given by

pi" Iy = pralpy + ppalye.
Solving the cost minimization problem yields the following investment demand equations:
Ipy = ar(pre/pi™) "1, (47)

Ira = (= an)(pre/pi™) " L (48)

A.7 Government

The central bank sets the nominal interest rate according to the following feedback rule:

1+'Lt T\ Y Ut - €it
= (T 49
1+1 (7‘7) (U) “ (49)
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where 7, 7, and U denote the steady-state values of the domestic interest rate, inflation, and
unemployment. ¢;; is a monetary policy shock.

The government finances the unemployment benefit and expenditures G; with the proceeds from
the labor income tax and commodity exports, and non-distortionary lump-sum taxation. Like

investment, government expenditures are a CES aggregate of domestic formal and imported goods.

nG
% ng—1 1 ng—1 | ng—1
Gi= o Gry "¢ +(1—ag)cGyy "6 ,

where G, and G, are the quantities of domestic formal and imported good used for government

consumption. The government budget constraint then reads:
PG+ Wy Ui + (14 1r,1)Biy =Ty + 7pWriLpy + Br + Zipr.iYer, (50)

where .
_ 1T
Py = [aGp}:,tnG +(1— ozc)p}gtnc " (51)

and pg ¢ = Pg+/P; is the world price of commodity endowment Yp, in terms of foreign consump-
tion.?? Pg, is the commodity price, expressed in foreign currency. Both pg; and Yg . follow

exogenous stochastic processes. The total cost of government consumption is
ptGGt =priGre +priGri
The associated demand functions are:
Gri = ag(pr:/p¥) 16 Gy (52)
Gro=(1—ac)(pra/pi) "Gy (53)
The process for the log of government spending g; = log(G4) is given by an AR(1) process:
(9t — 9) = pc(gi-1 — G) + &g,

where €4 ; is independently normally distributed with zero mean and standard deviation og. We

assume the government adjust the lump-sum tax to stabilize the debt-to-GDP ratio:
T, —T = pr(Tima = T) + (1 = pr)(by — b) (54)

where T is the steady-state value of the lump-sum tax, b; = B;/(GDP;) denotes government debt
as a share of GDP, and b is the steady-state value of that ratio.

20Defining pE,: in this way, and not in relation to domestic consumption as the other prices, makes it fully

exogenous to the modeled economy.
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A.8 Rest of the world

The rest of the world imports domestic formal goods X; and the commodity endowment Y,”, exports
foreign formal goods M, and sell foreign bonds B;. The domestic economy is small and does not
affect foreign output, foreign inflation, or the foreign interest rate, all of which are assumed to be
exogenously determined. We assume that the law of one price holds. Hence the price of exports
in foreign currency is equal to Pr/e;. The demand for domestic formal exports by the rest of the

world is assumed to depend solely on the ratio of export prices to the foreign price index:

Pp\ ™" pre) "
X, = (& Sy g2 55
' <6tpt*> ( = ’ (55)

where 7,, > 1 represents the price-elasticity of exports. Total imports from the rest of the world

are consumed by the household and used by the capital producers and the government:
M, =Cpi+Ip+ Gy (56)
The current account balance is given by
= [‘P(B:)Bt* - Bt*q] = EtT:71B£i1 +pF,tXt + EtpE,tYE,t - pf,tMt (57)
The price of imports is proportional to the real exchange rate,
Pre = Ky (58)

where ky is the import price index expressed in foreign consumption; without loss of generality, we

will assume that ky = 1. We define the terms of trade as

_ prieXt + EDEYE

O 59
' (Xe+Ye)pre (59)
A.9 Market clearing
Labor market
Uy=1—Lpi— Ly, (60)
Capital market
Y K=K (61)
se(F,I)

Formal final good market

_ 2
s
Yrt =Crt +Irt +Gre + Xy + Np , ECF + ¢r (_th_t - 1) Np+Yry (62)
2 \Prt—1 T
Informal final good market
_ 2
o
Yii=Cri+ Ni,ECr + 23 (_p”_t - 1) Nr+Yrs (63)
2 \Pri—1 T
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Intermediate good markets
The quantity of intermediate good inputs after paying for the hiring costs of the intermediate good
producers equals the quantity of final goods produced by the wholesale final good producers in each

sector:
Npt Nr,t Nr,t <E 1
Zp —HCpHp; = / Zr(jr)djir = / Yr(jr)djir = / Np " Yrudjp = YraeNp, ©
0 0 0
(64)
and .
Zy —HCiHr, = Y,N; 7. (65)
Aggregate GDP, expressed in units of consumption, is defined as
GDP; = priYrt +p1,:Y1t +EtppYE: (Supply side) (66)
Alternatively,
GDP, = C, erthw[t + PtGGt +oreXe + EpE YR — DMy
or (P ’ 61 (P ’
+ppy |Ng, ECp + = (“ - 1) NpoYee| +prs |N§,ECr + 25 ( Lt _ 1) Nr.Y1,| (demand side)
’ 2 \PFit-1 ’ 2 \Prt-1

The model includes 66 endogenous variables determined by the dynamic system of 66 equations
identified above: Cy, Ch ¢, Ctrt, Criy Cre, Dhyts PfesTes bty Bey BY, e, Rf» Qt; pri+1, Up, Tt,
(MRS, 1 Zogs HC T 0% 4o Lot Hots Koosts Woits Wty Xots Nots Ny Yot T, T, B, i |

ptInva Kta Ity IF,t, Ifu ptGa GF,t7 Gf,tv Xta Mt7 Eta ®t7 GDPt

)
seF,1

We define real GDP as

Dp

PEYFPE: + DrYipre + EPpYEEWE .

where T denotes the steady state of variable x.
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In addition to the stochastic process for G¢, we consider the following processes for ¢+, 04+, 01+,

*k
OFt, 0Lt PEt, and 77,

logCe = (1 = pec)logle + pecloge,i—1 + ece
loghs: = (1 — po, )logh, + po,10gbq 11 + €g,
logf; + = logl; + €,

logor: = (1 = pop)logor + poplogori—1 + €qp
logor,e = (1 = po,)logor + po,logori—1 + €o;
)

log(1+ 1) = (1 — pr)log(L +77) + prelog(1 +7i_1) + €

lngE,t = (1 - ppE)log(;ﬁE) + pPElO(pEJ—l) + €pg

where €¢. €0, ,€0; €01 €0y €r+ ,Epy are 1.1.d. shocks with zero mean.

In the model simulations, WU, and Yg . are set equal to their steady-state values WU and Yg.
Without loss of generality, 6 is fixed and equal to 1.
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Additional Tables

Table B1: Fixed Parameters

Parameter Parameter Description Value Source

g Discount factor 0.99 Gonzales et al. (2013)

h Habit persistence parameter 0.7 Smets and Wouters (2007)
Ers &1 Disutility of labor parameters 14 Leyva and Urrutia (2020)
AR Af Frish labor supply elasticities 1 Christiano et al. (2013)

©B Foreign bond transaction cost parameter 1 Without loss of generality
es(F) Elasticity of subst. btw. formal good varieties 8 Markup of 12 percent
es(I) Elasticity of subst. btw. informal good varieties 20 Markup of 5 percent

Ne Elasticity of subst. btw C}, and Cf 1.25 Feenstra et al. (2018)

Qe Share of domestically produced goods in C 0.87 Gonzales et al. (2013)

1 Elasticity of subst. btw. C'r and C; parameter 0.6 To match labor market outcomes

w Weight of informal good in C}, 1 Without loss of generality

(o Steady state value of preference shock 1 Without loss of generality

0, Steady state aggregate TFP 0.35 To match labor market outcomes

Or Steady state TFP in formal sector 1 To match labor market outcomes

0r Steady state TFP in informal sector 0.7 To match labor market outcomes

O Capital depreciation parameter 0.03 Gonzales et al. (2013)

K Capital adjustment cost parameter 0.5 To match investment std. rel. to GDP
Y Y1 Capital income shares in production 0.34 Penn World Tables 9

oF Bankruptcy rate in the formal sector 0.03225 Ulyssea (2018)

o1 Bankruptcy rate in the informal sector 0.0875 Ulyssea (2018)

nr Elasticity of subst. btw Ir and Iy 1.25 Feenstra et al. (2018)

ar Share of domestically produced goods in I 0.6 Gonzales et al. (2013)

o Steady state firing probability in formal sector 0.088 Leyva and Urrutia (2020)

or Steady state firing probability in informal sector 0.16 Shorter job duration informal

YE Bargaining power of workers in formal sector 0.45 Ulyssea (2018)

vI Bargaining power of workers in informal sector 0.15 Ulyssea (2018)

Br Intensity of hiring cost parameter in formal sector 0.9 To match labor market outcomes

Br Intensity of hiring cost parameter in informal sector 0.3 To match labor market outcomes
ap; ag Elasticity of hiring cost 1 Blanchard and Gali (2010)
br; o1 Price adjustment cost parameters 300 Lombardo and Vestin (2008)

s Steady state inflation 1.007417 3 percent annual inflation

U Weight of inflation in Taylor rule 1.5 Standard
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Table B1: Fixed Parameters (continued)

Parameter Parameter Description Value Source

Vy, Weight of unemployment in Taylor rule 0.5 Standard

TF Payroll tax rate 0.16 16 percent payroll tax
Ng Elasticity of subst. btw Gr and Gy 1.25 Feenstra et al. (2018)
oy Share of domestically produced goods in G 0.87 Gonzales et al. (2013)
pr  Persistence of deviations from steady-state lump sum tax 0.5 Without loss of generality
N Price elasticity of exports 1.2 Fernandez et al. (2018)
K Price of imports-to-RER parameter 1 Without loss of generality

Table B2: Calibrated Parameters

Target Ratio Target Value Source Parameter Parameter Description Parameter Value
EY—C;F 3 WB ECE Firm Entry Cost in the Formal Sector 1.09
ETCII 0.5 WB EC; Firm Entry Cost in the Informal Sector 0.12
ng 0.16 IMF G Government Consumption in Steady State 0.15
% 0.4 IMF B Stock of Domestic Debt in Steady State 0.52
% 0.08 IMF Ye Commodity Sector Output in Steady State 0.41
G%*P -0.25 IMF B* Net international position in Steady State -1.27
‘{/VV—FU 0.05 wuU Unemployment Benefit 0.04

Note: The calibration of E}gF d ng draws on the methodology from Barseghyan and DiCecio

(2011) and data are from the World Bank’s Doing Business Survey. ‘IMF’ refers to the International
Monetary Fund. “WB’ refers to the World Bank.
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Table B3: Shock Processes

Parameter Parameter Description Value Source

Pri Persistence of commodity price shock 0.93 Based on Colombian data

Pee Persistence of preference shock 0.086 SMM Estimation

Po. Persistence of aggregate TFP shock 0.995 SMM Estimation

Do Persistence of formal sector firing probability shock  0.628 SMM Estimation

Por Persistence of informal sector firing probability shock  0.021 SMM Estimation

le Persistence of government consumption shock 0.837 SMM Estimation

Dr* Persistence of foreign interest rate shock 0.306 SMM Estimation
o(epy) Std. dev. of commodity price shock 0.097 SMM Estimation
o(ece) Std. dev. of preference shock 0.008 Based on Colombian data
o(eg,) Std. dev. of aggregate TFP shock 0.019 SMM Estimation
o(eg,) Std. dev. of informal sector TFP shock 0.006 SMM Estimation
o(€op) Std. dev. of formal sector firing probability shock 0.000 SMM Estimation
o(€s;) Std. dev. of informal sector firing probability shock  0.001 SMM Estimation
o(eg) Std. dev. of government consumption shock 0.025 SMM Estimation
o(€) Std. dev. of foreign interest rate shock 0.003 SMM Estimation

o(e€;) Std. dev. of domestic interest rate shock 0.006 Based on Colombian data
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