DOCUMENTOS DE TRABAJO

Immigration in Emerging Countries: A Macroeconomic
Perspective

Agustin H. Arias
Juan Guerra-Salas

N° 857 Julio 2026 (Actualizacion)

BANCO CENTRAL DE CHILE

N
NI

& banco
W centrdl

— Chile



banco
central

Chile

La serie Documentos de Trabajo es una publicacion del Banco Central de Chile que divulga
los trabajos de investigacion econdmica realizados por profesionales de esta institucion o encargados
por ella a terceros. El objetivo de la serie es aportar al debate temas relevantes y presentar nuevos
enfoques en el andlisis de los mismos. La difusion de los Documentos de Trabajo sélo intenta
facilitar el intercambio de ideas y dar a conocer investigaciones, con caracter preliminar, para su
discusion y comentarios.

La publicacion de los Documentos de Trabajo no esta sujeta a la aprobacion previa de los miembros del
Consejo del Banco Central de Chile. Tanto el contenido de los Documentos de Trabajo como también
los analisis y conclusiones que de ellos se deriven, son de exclusiva responsabilidad de su o sus autores
y no reflejan necesariamente la opinion del Banco Central de Chile o de sus Consejeros.

The Working Papers series of the Central Bank of Chile disseminates economic research conducted by
Central Bank staff or third parties under the sponsorship of the Bank. The purpose of the series is
to contribute to the discussion of relevant issues and develop new analytical or empirical approaches
in their analyses. The only aim of the Working Papers is to disseminate preliminary research for
its discussion and comments.

Publication of Working Papers is not subject to previous approval by the members of the Board of the
Central Bank. The views and conclusions presented in the papers are exclusively those of the author(s)
and do not necessarily reflect the position of the Central Bank of Chile or of the Board members.

Documentos de Trabajo del Banco Central de Chile
Working Papers of the Central Bank of Chile
Agustinas 1180, Santiago, Chile
Teléfono: (56-2) 3882475; Fax: (56-2) 38822311



Documento de Working Paper
Trabajo N° 857 N° 857

Immigration in Emerging Countries: A Macroeconomic Perspective”

Agustin H. Arias’ Juan Guerra-Salast
Central Bank of Chile Central Bank of Chile

Resumen

Los paises en desarrollo albergan cerca de un tercio de la poblacidn migrante mundial, pero los analisis
macroecondmicos sobre inmigracion se han centrado principalmente en economias avanzadas. Este trabajo estudia
los efectos macroecondmicos de la inmigracion en paises emergentes, donde la informalidad laboral desempefia un
papel central. Desarrollamos un modelo de generaciones traslapadas con un sector informal y trabajadores
calificados y no calificados, en el que los inmigrantes y los nativos con el mismo nivel de habilidades son sustitutos
imperfectos. Un choque inmigratorio reduce los salarios formales de los inmigrantes, lo que provoca una
reasignacion de su esfuerzo laboral hacia el sector informal. Debido a efectos de congestion en la informalidad, este
cambio reduce los ingresos informales de todos los trabajadores, incentivando a los nativos a reasignarse al sector
formal. Aunque los salarios formales de los nativos también disminuyen—principalmente por el aumento en la
oferta laboral—la caida es menor que la reduccion en los ingresos informales. El modelo incorpora un desajuste
ocupacional transitorio, que permite a los inmigrantes aceptar empleos por debajo de su nivel de habilidad, lo que
amplifica las consecuencias distributivas de la inmigracion al aumentar la oferta relativa de trabajo no calificado. El
modelo se calibra para Chile, una economia emergente que ha experimentado recientemente una ola migratoria
significativa, con el fin de cuantificar estas dinamicas.

Abstract

Developing countries host nearly one-third of the world’s migrant population, yet macroeconomic analyses of
immigration have largely focused on advanced economies. We study the macroeconomic effects of immigration in
emerging countries, where labor informality plays a central role. We develop an overlapping generations model with
an informal sector and high- and low-skilled workers, in which immigrants and natives of the same skill level are
imperfect substitutes. An immigration shock depresses formal wages for immigrants, prompting a reallocation of
their labor effort toward the informal sector. Due to congestion effects in informality, this shift reduces informal
income for all workers, incentivizing native workers to reallocate toward the formal sector. While formal wages for
natives also decline—primarily due to increased labor supply—the reduction is smaller than the drop in informal
income. The model incorporates transitory downgrading, allowing immigrants to accept jobs below their skill level,
which amplifies the distributional consequences of immigration by increasing the relative supply of low-skilled
labor. The model is calibrated to Chile, an emerging economy that has recently experienced a significant
immigration wave, to quantify these dynamics.
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1 Introduction

Developing countries host nearly one-third of the world’s migrant population (OECD/ILO, 2018), yet
macroeconomic analyses of immigration have largely focused on advanced economies, overlooking this
substantial dimension of global migration. We address this gap by studying the macroeconomic effects of
immigration in emerging countries, where labor informality plays a central role. In emerging countries,
a substantial fraction of employment relations does not conform to labor legislation, evading taxes and
social security contributions. Informal jobs are typically less productive than formal jobs, and lack access
to social protections such as severance payments, health insurance, or pensions. However, it has been
widely documented that informality acts as a buffer against income fluctuations during economic down-
turns, when formal jobs are scarce (see, for example, Loayza and Rigolini, 2011). Since unemployment
insurance schemes are highly limited in emerging countries, a significant fraction of workers cannot afford
to conduct lengthy job searches during downturns, so they settle for an informal job. We examine how
labor informality shapes the macroeconomic response to an immigration shock.

To this end, we develop an overlapping generations (OLG) model with an informal sector and high-
and low-skilled workers, in which immigrants and natives of the same skill level are imperfect substitutes.
There are four types of workers—high- and low-skilled natives and high- and low-skilled immigrants.
The dynamics of formal wages are determined by the relative abundance of three types of production
inputs—Ilabor relative to capital, high- relative to low-skilled labor, and native relative to immigrant
labor.

In this framework, a large immigration shock depresses formal wages for immigrants, who become
relatively more abundant, prompting a reallocation of their labor effort toward the informal sector. Due
to congestion effects in informality, this shift reduces informal income for all workers, incentivizing native
workers to reallocate toward the formal sector. While formal wages for natives also decline—primarily
due to increased labor supply—the reduction is smaller than the drop in informal income.

The degree of imperfect substitutability between natives and immigrants of the same skill level is
crucial for the results. When natives and immigrants are more substitutable, formal wages of native
workers decline more than in the baseline case, whereas wages for immigrants decline less than in the
baseline case. In this type of scenario, the relative income from formal and informal work may lead
low-skilled native workers to reallocate to the informal sector.

The feature of congestion in the informal sector, i.e., the fact that the marginal return from informality
is inversely related to total hours per worker in that sector, is important to discipline reallocation between
the two sectors in the model and is intuitive if we think of informality as, for example, work on the street,
where a larger number of workers adversely affects marginal returns. This feature is also crucial for the
results. In the absence of congestion, informal income does not decline but remains constant, which
mitigates the incentive of natives to reallocate to the formal sector. In fact, low-skilled natives reallocate
to the informal sector. Furthermore, since the informal sector is larger in this scenario, the reduced labor
supply in the formal sector results in higher formal wages than in the baseline case.

The model incorporates transitory downgrading, allowing immigrants to accept jobs below their skill

level. This feature is motivated by the fact that it takes time for foreign workers to adapt to the local



labor market.! When they leave their countries, immigrants may lose job- or country-specific skills that
push them down the job ladder in the host country, facing a gradual recovery. Immigrants may also face
regulatory barriers to finding adequate matches. Lawyers, physicians, and nurses, for example, face severe
challenges if they want to practice these professions in a foreign country.

To capture this phenomenon, we model downgrading as an exogenous process, whereby a fixed fraction
of high-skilled immigrants are temporarily treated as low-skilled upon arrival. This feature amplifies
the distributional consequences of immigration by increasing the relative supply of low-skilled labor.
Therefore, the decline in formal wages of low-skilled workers is larger, and the decline in wages of high-
skilled workers smaller, than in a counterfactual without downgrading.?

Our exogenous approach to modeling downgrading contrasts with endogenous mechanisms in the
underemployment literature. For instance, Barnichon and Zylberberg (2019) model a setting in which
high-skilled workers compete with low-skilled workers to avoid congestion in high-skilled jobs during down-
turns, and firms prefer the former. In contrast, our framework treats downgraded high-skilled immigrants
as equivalent to low-skilled immigrants, simplifying the analysis while capturing key distributional effects.

The OLG structure is crucial, because the age distribution of immigrants and natives differs substan-
tially. Indeed, working-age individuals represent the bulk of most immigration waves. When immigrants
are substantially younger than natives, the expansion in labor supply is larger than in a counterfactual of
homogeneous age distributions. In addition to larger effects, younger immigrants generate more persistent
effects of the expansion in labor supply, since it takes longer for them to reach retirement. Differences in
the age distribution of immigrants and natives have also been found in advanced economies, such as the
United States.?> However, this feature is mostly ignored in the literature on the macroeconomic effects of
immigration.*

The model is calibrated to match key demographic and economic characteristics of Chile, an emerg-
ing economy that has recently experienced a significant immigration wave, to quantify these dynamics.
The Chilean case displays the three features previously highlighted: labor informality is substantial, the
evidence suggests immigrants experience a downgrading spell, and immigrants are much younger than
natives.

Our simulations of an immigration shock in Chile display highly persistent but not permanent effects
on factor prices and variables in per capita terms. The reason is that immigrants eventually retire and die,
and we assume their children are indistinguishable from natives. We also assume that, after experiencing
a downgrading spell, the skill distribution of immigrants converges to that of the native population. This
assumption follows from a similar distribution of years of education of immigrants and natives. However,
the model could be easily re-calibrated to study an economy where the skill distribution of immigrants and
natives differs permanently, as would be the case, for example, if the bulk of immigrants were low-skilled

workers. Finally, we abstract from return migration and assume all immigrants stay permanently in the

!See Lubotsky (2007) for a longitudinal analysis of immigrant’s earnings in the United States, and Barker (2021a) for
SVAR- and DSGE-based analyses of immigrant underemployment in Canada.

*Lebow (2024) finds a similar result on the distributional effect of downgrading.

3Card (2001) shows that U.S. immigrants that arrived in the 1985-1990 period are substantially younger than natives,
as well as previously arrived immigrants.

“Heterogeneity in age structure is typically considered in studies of the long-term fiscal impact of immigration, e.g.,
National Academies of Sciences and Medicine (2017). It is also considered in the related literature on population aging, e.g.,
Myers (2012) and Peri (2020).



host country.

Regarding the generalizability of our results to other emerging countries, we emphasize that the quan-
titative effects of immigration depend critically on the specific characteristics of natives, immigrants, and
the host economy. In particular, the degree of imperfect substitutability between native and immigrant la-
bor plays a central role. A lower elasticity of substitution tends to induce reallocation of low-skilled native
workers from the informal to the formal sector, as the relative decline in informal income outweighs the
decline in formal wages, whereas a higher elasticity reverses this pattern. Our contribution, therefore, lies
in identifying and analyzing key channels—such as labor informality, imperfect substitutability, and tran-
sitory skill downgrading—that are especially relevant for emerging economies but remain underexplored
in the macroeconomic literature, which has largely focused on advanced economies.

We abstract from two important dimensions of immigration that, while relevant, fall outside the scope
of our analysis. The first concerns intergenerational effects. For example, young natives may accumu-
late human capital to insure against the possible adverse effects of immigration, while older and future
generations may benefit from the contributions of mostly young working-age immigrants to financially
stressed pay-as-you-go (PAYG) pension systems.® More broadly, immigration can affect fiscal sustain-
ability, as shown in Storesletten (2000). However, our focus is on the medium-run effects of immigration
on the more current generation of natives in emerging countries. We abstract from human capital accu-
mulation, pension systems, and fiscal policy to maintain tractability. Future research could explore how
intergenerational effects of immigration differ in emerging countries, and an OLG model like ours would
be well-suited for such analysis.

The second aspect that we abstract from is related to possible heterogeneity in fertility rates among
natives and immigrants. Higher fertility rates among immigrant women could generate more prolonged
effects, and vice versa. Storesletten (1995) estimates that, in the United States, high-skilled immigrants
have lower fertility rates than natives, but medium- and especially low-skilled immigrants have higher
fertility rates. We abstract from fertility differentials between natives and immigrants, though these
could influence the long-run demographic and macroeconomic effects of immigration.

The paper lies at the intersection of two strands of the literature. The first considers the macroeco-
nomic effects of immigration. This literature has primarily focused on advanced economies, and typically
studies immigrants with lower skills than the native population (see, for example, Boldrin and Montes,
2015; Izquierdo, Jimeno, and Rojas, 2010; Wilson, 2003; Mandelman and Zlate, 2012; and Holler and
Schuster, 2018). The second strand of the literature studies the role of informality in the labor market
of emerging countries. It finds that the informal sector acts as a buffer that helps sustain household con-
sumption during economic downturns, and can explain, for instance, why aggregate employment is more
volatile in advanced economies (see, for example, Fernandez and Meza, 2015; and Finkelstein Shapiro and
Mandelman, 2016).

By bridging the gap between the literature on immigration in advanced economies and the literature on
labor informality in emerging countries, this paper is the first comprehensive study of the macroeconomic
effects of immigration in emerging countries, where informal labor is pervasive.

The paper is organized as follows. Section 2 discusses the evidence that motivates the key features

®Boldrin and Montes (2015) consider human capital accumulation in a three-cohort OLG model of immigration for Spain.
S Although Chile is a representative emerging economy in many respects, its pension system—predominantly fully funded
and defined-contribution—differs from the PAYG systems common in other emerging countries.



of our OLG model. Section 3 describes the model, which introduces a tractable way to incorporate
informality and downgrading into an OLG framework for the analysis of immigration shocks. Section
4 presents the calibration and the design of our simulations. Section 5 presents our baseline results, as
well as an analysis of their sensitivity to different features and assumptions, such as the elasticity of
substitution between immigrants and natives, the possibility of reallocating labor effort to the informal
sector, as well as congestion in that sector, and the downgrading spell that affects immigrants. Section 6

concludes.

2 Motivating Evidence

This section discusses the evidence that motivates the key features of our OLG model and the design of
our simulations. We describe the immigration wave that Chile has recently experienced, since we will
calibrate the model to match key demographic and economic characteristics of this episode. The Chilean
case is not unique, however, so we also provide references on other economies that have had similar

experiences with immigration.

2.1 The Immigration Shock

We study the macroeconomic effects of an unexpected and substantial immigration flow that is exogenous
from the perspective of the host country. The Chilean case of the late 2010s, which we describe below,
supports this assumption, but other countries, of all sizes and states of development, have also experienced
unexpected immigration shocks.” The possibility of sudden population displacement in the future, for
example due to armed conflict, such as the Syrian refugee crisis and the Russian invasion of Ukraine,
or due to events associated with climate change (Engler, Honjo, MacDonald, Piazza, and Sher, 2020),
highlights the relevance of a continuous understanding of the effects of large migration shocks. Our focus
on exogenous immigration shocks differs from the literature on endogenous migration decisions.®

We now focus on Chile’s immigration shock. As shown in the left panel of figure 1, the share of
immigrants in the labor force nearly doubled in four years, jumping from 5.1% in 2015 to 10.3% in 2019.
The right panel of the figure shows that, prior to 2015, the share of immigrants in the labor force increased
by about 0.2 percentage points per year, on average, whereas during 2015-2019, this metric increases by
a factor of six. There is nothing special about Chile during this period that could account for such a
surge in immigration; certainly not economic growth, which was sluggish. Instead, the inflow of migrants
is mainly related to the Venezuelan crisis and the massive emigration it has generated. Indeed, data from
the First National Survey of Migration in Chile show that 45% of immigrants aged 18 years and older

in the 2016-2020 period are Venezuelan. Therefore, we believe it is reasonable to model this event as

"To name a few examples, Canova and Ravn (2000) model the unification of East and West Germany as an unexpected
flow of low-skilled Eastern workers to the West, Saiz (2003) studies the migration shock of Cubans to Miami in 1980 and
its effect on the housing market, and Gray, Montresor, and Wright (2020) analyze the effects of the 2004 expansion of the
European Union, which included Eastern European countries, as an immigration shock that affected firm-level innovation.

8For example, Mandelman and Zlate (2012) study how emigration from Mexico to the U.S. depends on business cycle
conditions in both countries. Furlanetto and Robstad (2019) study the macroeconomic effects of immigration in Norway using
a structural vector autoregression framework that allows for endogenous responses of immigration, as well as for exogenous
shocks.



exogenous from the perspective of Chile.”

Figure 1: Share of immigrants in the labor force
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Note.— Source: National Statistics Institute.

For the purposes of our analysis, two key features of Chile’s immigration wave are that immigrants:
(i) are primarily young working-age adults, and (ii) have slightly higher education levels than natives.
The left panel of figure 2 shows the substantial difference in the age structure of immigrants and natives.
Whereas only 36% of natives are between ages 20 and 44, 65% of immigrants belong to this group.
The fact that immigrants are primarily young adults implies that the immigration wave has not only
generated higher growth in the total population, but even higher growth in the working-age population.
Since immigrants have higher participation rates than natives, as documented in Aldunate, Contreras,
de la Huerta, and Tapia (2019b), the immigration-induced growth in the labor force is also higher than
that of the total population. Our simulations, therefore, will consider an immigration wave that alters the
age structure, reducing the ratio of passive to active individuals. As we mentioned in the introduction,
this feature has been observed in immigration episodes in other countries.'® This heterogeneity in the age
distribution of immigrants and natives motivates the OLG structure of our model.

The right panel of figure 2 shows that immigrants have, on average, slightly higher education levels
than natives. The share with a university education is 24% among immigrants, slightly higher than the
20% among natives. Following this evidence, our baseline simulation will further assume that immigrants
and natives have the same skill distribution. We will study the sensitivity of our results to this assumption
by allowing for immigrants to be slightly more skilled than natives. Of course, it could also be the case
that the quality of education of immigrants is lower than natives, such that immigrants have lower skills.

Although we do not consider this possibility, the model could be easily re-calibrated to accommodate this

9See Barker (2021b) for a general equilibrium analysis of Venezuelan migration.
19 Again, see Card (2001), National Academies of Sciences and Medicine (2017), Myers (2012), and Peri (2020).



type of scenarios.'!

Our assumption that immigrants and natives have similar skills differentiates this paper from most of
the literature, which is overwhelmingly concerned with the labor market effects of low-skilled immigration.
This allows us to focus on less studied issues, such as the role of labor informality in the experience of
emerging countries with immigration, the age structure of immigrants, and transitory downgrading. The
assumption of similar skills is warranted for the case of Chile, where a substantial fraction of immigrants
are high-skilled, as we have shown. Furthermore, the role of high-skilled immigrants is not unique to
Chile’s experience. Kerr (2017), for example, emphasizes that high-skilled immigration in the United

States is both important and severely understudied.

Figure 2: Age and education of immigrants
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Note.— The underlying data come from the 2017 population census and the CASEN survey. Source:
Aldunate et al. (2019Db).

It is important to note that, although the education of immigrants is similar to that of natives on
average, there is substantial heterogeneity. For this purpose, table 1 shows data from the National Survey
of Migration, which offers information on immigrants aged 18 and older that arrived between 2016 and
2020.'2 The table shows that five countries account for 89% of immigrants during this period— Venezuela,
Haiti, Colombia, Peru and Bolivia, with Venezuela representing nearly half of immigrants. The share of
immigrants with completed college (technical or university education) varies widely among these countries,
especially among the most important sources of immigrants—Venezuela and Haiti. Nearly two thirds of
adult Venezuelan immigrants have completed college, whereas one tenth of adult Haitian immigrants have
attained this educational level. In our OLG model, we assume for simplicity that all immigrants have
the same skill level. With respect to the age of immigrants, table 1 shows that there is substantially
less heterogeneity among different countries of origin. Regardless of their origin, a substantial fraction of
about 70%-80% of immigrants are aged 18-39. In our model simulations, immigrants are mostly young

working-age adults.

" Garcfa and Guerra-Salas (2020) adjust the labor productivity of immigrants according to the quality of their education,
proxied by standardized international test scores.
'2The National Survey of Migration offers detailed information on immigrants, so it is useful to characterize their hetero-



Table 1: Heterogeneity among Immigrants of Different Origin (2016-2020)

Country of origin Share of immigrants Share completed college Share age 18-39

Venezuela 45% 64.6% 1%
Haiti 19% 10.6% 78%
Colombia 10% 34.8% 67%
Peru 8% 23.1% 67%
Bolivia 7% 12.4% 79%

Notes.— Source: National Survey of Migration.

Although immigrants and natives have similar education levels, we model immigrants as experienc-
ing a transitory downgrading spell, a period during which they cannot fully exercise the productivity
associated with their education level because they hold jobs for which they are overqualified. Figure 3
shows employment by education and skill level of the occupation, for natives and immigrants, and for the
years 2013 (panel a on the left) and 2017 (panel b on the right).!® The recent immigration wave began
around 2015, so the evidence from 2013 is prior to it, whereas the evidence from 2017 is gathered during
the wave. During the immigration wave, when the fraction of recently-arrived immigrants significantly
increased, immigrants held a substantially smaller proportion of high-skill occupations compared to na-
tives of similar education level. This is not the case prior to the immigration wave, when recently-arrived
immigrants represented a smaller fraction. Indeed, among individuals with higher education in 2017, only
57% of immigrants with university studies worked in a high-skill occupation, whereas 87% of natives with
that education level did. In 2013, on the other hand, immigrants and natives with university studies held
almost the same high proportion of high-skill occupations of about 90%. A similar divergence is visible
for people with technical education: in 2013, the difference in the proportion of high-skill occupations
held by immigrants and natives is 12 percentage points (pp), but in 2017 this difference increases to 25
pp-

To sum up, during the immigration wave, immigrants hold a substantially smaller proportion of high-
skill jobs than natives, even when both groups have a similar education level. We acknowledge that
this evidence is imperfect, because it refers to different cohorts of immigrants. Ideally, we would study
panel data that allowed us to characterize the adaptation process of immigrants in the labor market.
Unfortunately, these data are not available for Chile, to the best of our knowledge. Nevertheless, the
phenomenon of occupational downgrading of immigrants has been observed in other episodes. Lebow
(2024), for example, documents substantial downgrading of Venezuelan migrants to Colombia in the same
period, whereas Dustmann, Schénberg, and Stuhler (2016) find downgrading of immigrants in the United
States, United Kingdom, and Germany.

geneity. Tables such as 2 use other sources, because their purpose is to compare immigrants to natives.
13This evidence is based on data from the Socioeconomic Characterization Survey (Encuesta de Caracterizacién Socioe-
condmica Nacional; CASEN), which is conducted roughly every two years in Chile.



Figure 3: Employment by years of education and skill level of occupation
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Note.— The underlying data come from the CASEN survey. The classification of occupations by skill level follows Lagakos
et al. (2018). Source: Aldunate et al. (2019b).

2.2 Labor Informality

Emerging countries exhibit substantial labor informality. Figure 4 shows employment by category in Chile,
a group of Latin American countries, and the OECD, a group of mostly advanced economies. There are
several ways to define informality, but we focus on self-employment or “own-account” workers, following
the literature that finds that this proxy is highly correlated with other definitions and offers higher data
coverage.!* The figure shows that the proportion of own-account workers is nearly three times higher in
Latin American countries (28%) than in the OECD (10%), with Chile lying in the middle of these groups

(20%).

14Gee, for example, Fernandez and Meza (2015).



Figure 4: Employment by category
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Note.— The underlying data come from the International Labour Organization. Categories of employment are: employees,
employers, own-account workers, and contributing family workers. Source: Central Bank of Chile (2018).

The prevalence of informality in developing countries is a complex phenomenon with numerous causes
and consequences for development (Ulyssea, 2020), but the key feature for our purposes is that informality
acts as a buffer for income fluctuations (Loayza and Rigolini, 2011). Figure 5 reproduces results from
Central Bank of Chile (2018) that show that employment growth is driven by formal work during economic
expansions, and by informal work during contractions. Again, we focus on own-account workers as a proxy
measure of informal labor, and on salaried employees as a proxy of formal labor. Chile grew strongly
in the mid-to-late 2000s and in the aftermath of the Great Recession (2011-2013), periods during which
employment growth was driven by formal work (white bars). On the other hand, the economy struggled
in the aftermath of the Asian and Russian crises (up to 2003), and in 2014-2017, periods when informal
work sustains job growth (grey bars).!®> Our OLG model will, therefore, feature an informal sector that

acts as a buffer against income fluctuations.

5See also Parro G. and Reyes R. (2019), who find that in Chile, the share of self-employed increases in periods of low
economic growth and vice versa, whereas the share of workers in formal work displays the opposite behavior (it increases in
periods of high economic growth, and vice versa).



Figure 5: Employment growth by category
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Note.— Source: Central Bank of Chile (2018).

In the next section, we spell out an OLG model consistent with the evidence presented in this section,

as well as other demographic and economic features of the Chilean economy.

3 The Model

The model is based on the neoclassical growth models with overlapping generations pioneered by Samuel-
son (1958) and Diamond (1965). It is a real model with thirty generations, solved under perfect foresight.'6
We extend the standard OLG formulation in two key dimensions. First, we add an informal sector based
on the work of Busato and Chiarini (2004), Busato, Chiarini, and Rey (2012) and Orsi, Raggi, and Turino
(2014), with the purpose of capturing reallocation of labor supply between the formal and informal sec-
tors. The informal sector is modeled as self-employment, which has been found to be a good proxy of
informality (see , e.g., Ferndndez and Meza, 2015).17:18 Second, we introduce worker heterogeneity along
two aspects: skill level, which can be high or low, and birthplace, which can be domestic or foreign. There-
fore, there are four types of workers in the model—high-skilled domestic, high-skilled foreign, low-skilled
domestic and low-skilled foreign. In the formal sector, we allow for imperfect substitutability between
immigrants and natives, even within a given skill level. Finally, we incorporate a rich set of exogenous
shocks that allow us to match the changes in size, age, and skill composition of the population induced
by an immigration shock.

In what follows, we describe the main features of the model. Appendix B offers a detailed derivation.

16Pperfect foresight facilitates the solution of our non-linear model for studying medium- and long-term effects, at the cost
of neglecting potential uncertainty effects.

'"Recent estimates find that self-employment accounts for about 86% of informality in Chile; see INE (2023).

¥ McKiernan (2021) uses an OLG model with an informal sector and home production to study the 1980 pension reform
in Chile. Both sectors, which generate similar effects, capture similar channels to our informal sector.
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3.1 Population Dynamics

Individuals live for 30 periods, with the first 20 as active workers, and the last 10 as retirees. Death
occurs with certainty after an individual has lived for 30 periods. Therefore, at any point in time, there
are individuals from 30 generations or cohorts alive. A generation born at time ¢ corresponds to the first
cohort in period ¢, the second in t + 1, and the &k in ¢t + k. Every generation consists of four types of
workers, denoted by the indices ij, where i = {H, L} denotes skill level (high or low), and j = {D, F'}
denotes birthplace (domestic or foreign).

The size of a new generation born in this economy (N}) relative to the size of the previous period’s
first generation (V! ;) changes at the rate (n” + n{), ie., N} = (1 +n" + n{) N} |; where n" captures,
in reduced form, the reproduction rate of the population, which we assume is constant, and n{ allows
for time-varying increases of the first cohort due to immigration. Regarding cohorts 2 to 30, note that,
absent immigration, the size of cohort ¢ in period t is equal to the size of cohort ¢ — 1 in period t — 1,
but this may not be the case if there is immigration of individuals of cohort g in period t. Symbolically,
we can describe this dynamic as follows: NY = (1 + ff)NZ7}', for g € [2,30], where f¢ denotes a change
in the size of cohort g in period ¢ due to immigration. We will use the exogenous variables n{ and f
to simulate the change in population size and age structure induced by an immigration shock. The total
population in period ¢ is then defined as N; = 30:1 Ny .19

We can keep track of the native (D) and immigrant (F) population within each cohort with the

following laws of motion:

N%)t = (1+ny) Ntl—lv
ngt = ”{Ntl—p

-1
N%t = Ng)t—l == (]‘ + nr) Ntl—gv

g—1
g _ ar9—1 gnrg—1 . _ f f g—s+1 nrg—s
Npy=Npy 1 + i NiZy = o =my_ g Ni_ g+ Z Ji—si1 Niss
s=1

and, after some algebra, we obtain that the size of the native population relative to the total one is given

%, whereas the relative size of the immigrant population is #

The final step in the description of the population consists of distinguishing between high- and low-
skilled natives and immigrants. This is crucial for two reasons: (i) natives and immigrants are imperfect
substitutes, even within a given skill level, and (ii) a fraction of high-skilled immigrants experience a
downgrading spell, which we model as a transitory decline in their skill level.

For the case of natives, we assume that a share Agp € (0, 1) are high-skilled. This share is constant
across time and cohorts, so high-skilled natives of cohort ¢ in period ¢ are given by N7, = AupN3,.
Low-skilled natives are N7 ,, = (1—Agp)N,. For the case of immigrants, the share of high-skilled varies
across time and cohorts, and is given by AY;, € (0,1), so high-skilled immigrants of cohort ¢ in period ¢

are given by N, = X, o, N7, whereas low-skilled immigrants are N7 ., = (1 — A, ;) N7, We will use

19T steady state, f¢ = 0 for all g, so we have that N, the total population in steady state, grows at the same rate as
the first cohort at the steady state, N', namely (n” + n’). Therefore, the immigration shock is transitory, but affects the
population level permanently.
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the time- and cohort-varying share of high-skilled immigrants to generate an exogenous downgrading spell
that affects all immigrants, regardless of their age, for two model periods.?’ Each period corresponds to

two years, as we explain in the calibration of the model.

3.2 Imperfect Substitution of Natives and Immigrants in the Formal Sector

The production process in the formal sector combines different types of labor and capital. Specifically,
a representative firm demands capital, K;, and a labor composite, L;, to produce a homogeneous good,

Y,F", used for consumption and investment, according to a standard Cobb-Douglas technology:?!

Y, = K& (A L)' 2, (1)

where A; denotes the labor-augmenting technology level, which grows at a constant rate z, so A; =
(14+2)A;—1. The labor composite Ly, in turn, is a nested constant-elasticity-of-substitution (CES) bundle
of formal labor supplied by workers of different skill and birthplace:??

Ly = lam (L™ + ag (L))o | 2)

1
Lit = [aip (Lipt)” + air (Lipe)™®]?v , i€ {H,L}. (3)

Equation (2) is the CES bundle that combines high- and low-skilled labor, L and Ly, where ay and
ay, capture the productivity of these two types, and ps < 1 governs the elasticity of substitution between
workers of different skills, which is given by 1/(1 — ps). In turn, as shown in equations (3), high- and
low-skilled labor, Ly and Ly, are themselves bundles that combine native and immigrant labor, L;p;
and L;py, for i = {H, L}. Analogously, a;p and a;r capture the productivity of natives and immigrants
of skill level 7, and pp < 1 governs the elasticity of substitution between native and immigrant workers of
a given skill level. As pr — 1 the different worker types are perfect substitutes, while as pp — —oo they
become perfect complements, for k = {s,b}. Within a given skill level and birthplace, workers of different

(active) cohorts are assumed to be perfect substitutes, so we have that:

20
Lije =Y LY, i={H/L}, j={D,F}.
g=1
The firm maximizes profits subject to its technology constraint, paying the different worker types and
capital their marginal product, such that a zero-profit condition holds. The law of motion for capital is

given by:

Kip1=(1-0)K + I, (4)

2OImmigrants of all cohorts experience a two-period downgrading spell, which would seem to call for a share of high-
skilled immigrants that is constant across cohorts. However, we simulate an immigration shock that occurs over several
model periods, as we explain below, so we need this share to vary with cohort to keep proper track of immigrants’ skills.

21 Throughout, upper-case letters denote variables that are non-stationary due to population growth and productivity
growth, whereas lower-case letters denote stationary variables.

22This formulation follows Ottaviano and Peri (2012).
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where ¢ is the rate of depreciation and I; denotes investment, which depends on households’ consumption,
saving and employment decisions. Specifically, investment is given by the portion of household disposable

income that is not used for consumption:

I, = Ytd +r¢Si—1 — G,

where Y;d denotes aggregate labor income, formal and informal, net of taxes, r.5;_1 is the aggregate gross
return from assets, with 7; = 14 7F — §, where rf is the marginal return to capital, and Cy is aggregate

consumption. These variables are defined below or in the appendix.

3.3 Household Decisions and the Choice of Formal and Informal Work

We now describe the optimization problem of the workers in the model economy, with an emphasis on their
choice of formal and informal work. Recall that there are four types of workers: high-skilled domestic,
low-skilled domestic, high-skilled foreign, and low-skilled foreign, all of whom supply labor to the formal
and informal sectors, facing the same trade-off.?> To denote skill and birthplace, we use the subscripts
i={H,L} and j = {D, F'}, respectively.

Workers choose total labor supply, as in Brunner (1996) and Sommacal (2006), and how to allocate
that labor across the formal and informal sectors. Additionally, they make consumption and savings
decisions. Savings finance capital accumulation, which is rented to the perfectly competitive firm described
previously, allowing agents to transfer wealth intertemporally. Retirees, in turn, only make decisions on
consumption and savings, since they do not supply labor. Workers of all types born in period t make

decisions on labor supply, consumption and savings to maximize their lifetime utility:

1-0 @ "
30 (CQ. ) 20 (59, + Y ) iy (hg. )
—1 \Tist+g-1 -1 ijt+g—1 igt+g—1 v \"ig,t+g—1
Uijt = Z By T 1-9 Z p? @gj,t—i-g—l & + o . (5)
g=1 g=1
where ij’t Hg—1 ligj?t +g-1 and hi thg—1 denote consumption and labor supplied to the formal and informal

sectors, respectively, when workers born in period t belong to cohort g in period t +¢g — 1. 8 > 0 is
the inverse elasticity of intertemporal substitution, ¢, ¢! > 1 govern the elasticity of labor supply, and
g € (0,1) is the discount factor. The variable @gj,t is an endogenous preference shifter based on Gali,
Smets, and Wouters (2012) that allows us to abstract from the wealth effect on labor supply. &;; > 0
governs an additional specific utility cost of working in the informal sector. This parameter captures, in
reduced form, limitations of informal work such as the lack of social benefits.

The intertemporal budget constraint (IBC) takes the following form:

30 [ g-1 -1 20 [ g-1 !
Z H Tt4ng Ciqj,tJrgfl = Z H Tt4n, {(1 — T)I/Vij’t+gflllgj7t+g,1 + finf(hlgj7t+gfl)} )
g=1 \ng=1 g=1 \ng=1

23As we show below, we calibrate the model to match the observed participation of high- and low-skilled workers in
the informal sector. Within each skill group, however, we do not differentiate between immigrants and natives in their
participation in the informal sector. We justify this assumption when we discuss the calibration.
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which states that the present value of lifetime consumption has to be equal to the present value of labor
income, both formal and informal, over the individual’s active life, where r; denotes the gross real return
on assets.

Formal labor income is determined by labor supplied to that sector, and the formal-sector wage net
of a constant income tax rate, (1 — 7)Wjj4¢—1. In turn, the wage is defined as the marginal product of

formal labor:

_ 1—pp
Yy Li\'"" ( Ly
W= 0= (3 )oe (50)  (20) )
7 1]

Production/income from the informal sector is given by the function fi,¢(-), which uses labor as its

only input, and is defined as:

-1
Fong 1) = Adby 222t )
The marginal product of working in the informal sector grows with the underlying technological trend,
Ay, is a function of the productivity of workers in the informal sector, 5ij, and features “congestion” or
decreasing returns in Ay, ¢, total informal labor per worker, which households take as given when deciding
on their informal labor supply. Additionally, the parameter & allows us to discipline the reallocation of
labor across the formal and informal sectors in response to changes in the wage differential. Finally, n is
a normalization parameter that simplifies the calibration of the model and the computation of its steady
state.24
Note that taxation is only levied on formal labor, and that we will calibrate the parameters ZA)Z-j so that
the informal sector is less productive than the formal sector.
Solving for the optimal labor decisions, as described in detail in Appendix B, we have that the

intratemporal supply schedules to the formal and informal sectors, for g < 20, are respectively given by:

ol—1 —0
@zgj,t+g—1 (l%(‘]j,t+g—1 + h?j,t—f—g—l) = (Cigj,t—i-g—l) (1 - T)Wij,tJrg—la (8)
pl—1 ph—1 -0 . h5_1t+ 1
01191 [(ligj,t—i-g—l + hzgj,t—i-g—l) + Kij (hzgj,t—i-g—l) } = (C%,t—l-g—l) At+g71bij%’ 9)

which state that individuals supply labor to each sector, conditional on the optimal choice on labor supply
to the other sector, up to the point where its marginal disutility equals the marginal utility.

To gain intuition on how workers’ labor supply to the formal and informal sectors are related, we can
simply combine these first order conditions and solve for labor supply to the informal sector to obtain the

following schedule:

24Labor is the only input used in the informal sector, so it is akin to home production. This assumption is reasonable,
because capital in the informal sector of emerging countries is known to represent a very small fraction of the total capital
stock. For evidence on capital in the informal sector, see Lopez-Martin (2019); Porta and Shleifer (2008); and Busso, Fazio,
and Levy Algazi (2012). It is, therefore, common to model an informal sector that does not use capital as an input; see
Restrepo-Echavarria (2014).
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1

-0 [f_’ (RS, V= (1=T)Wijtqg— ] oh_1
g inf\""ijt+g—1 ij,t+g—1 . / g . g
{(Cij,tJrgl) O s if inf(hij,tJrgfl) > (1 T)Wij,tJrg—l-

g _
hijirg—1 =

0 otherwise.

This expression shows that households supply labor to the informal sector as long as the marginal
income from this activity exceeds the marginal income that they earn by working in the formal sector,
net of taxes. In particular, households are compensated for the additional utility cost that informal work
generates. Although this assumption is counterfactual, our calibration ensures that the marginal product
of formal labor, i.e., the gross wage, is higher than the marginal income from informality. This structure

captures the higher productivity of the formal sector while preserving incentives for informal work.?

3.4 Equilibrium in the Formal Labor Market

In equilibrium, labor supply equals labor demand for each worker type and cohort:

Lg

N
LN ijt>

Ut th: ’[,:{H,L}’ ‘]:{D’}?}7 g:1,2,20
The appendix contains the derivation and the complete set of equilibrium conditions, as well as the

stationary version of the model, and the derivation of the steady state.

4 Calibration and Simulation Design

This section describes the calibration of the model to the Chilean economy and the design of our simu-
lations of an immigration shock. Table 2 summarizes the baseline calibration. The reproduction rate of
the population, n", and the rate of change of the first cohort due to immigration at steady state, n/, are
calibrated to obtain an annual growth rate of 0.5% for the total population, and a share of immigrants
in the labor force of 5% in steady state.?6

Following Ottaviano and Peri (2012), high-skilled workers are those with at least some college educa-
tion. As the right panel of figure 2 shows, 34% and 29% of immigrants and natives, respectively, belong
to this category, so we set the share of high-skilled workers, for both immigrants and natives, to 30%.

The parameter £ in equation (7) allows us to discipline the reallocation of labor effort across the formal
and informal sectors. Following Joubert (2015), it is set to 0.57, so that a 5 percentage point increase in
the income tax generates a 10% increase in informal labor.?” The parameters that govern the efficiency of
informal work, l;ij in equation (7), are calibrated to match participation rates in the informal sector of 15%
and 30% for high- and low-skilled workers, respectively, based on data from the 2012 New Supplementary

Income Survey.?® We do not differentiate between immigrants and natives regarding participation in the

Z5For evidence on wage differentials between the formal and informal sectors in Chile, see Joubert (2015).

26The population growth rate comes from Albagli, Contreras, de la Huerta, Luttini, Naudon, and Pinto (2015). The share
of immigrants in the labor force is approximately the one that prevailed before the immigration shock; see figure 1.

#TSpecifically, Joubert (2015) studies the effect of a 5 percentage point increase in payroll taxes to fund pensions in a
partial equilibrium model for Chile.

28 Nueva Encuesta Suplementaria de Ingresos (NESI). We classify as informal the following employment categories: em-
ployees without a contract, and self-employed individuals that work at home or on the street (excluding those with a
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informal sector, assuming it is the same for both groups within a skill level. This assumption seems
reasonable considering that about 20% of immigrants are self-employed, and the total participation in the
informal sector under our calibration is similar at 25%.2° This total participation in the informal sector is
the weighted average of participation of high-skilled workers (15% with a weight of 30%) and low-skilled
workers (30% with a weight of 70%). The parameters that determine the specific utility cost of informal
work, k;; in equation (5), which govern the relative informal labor supply of workers, is set so that total
labor supply for the four types of workers is similar. The parameter n is set so that the factor (hi;}t /n)
in equation (7) equals 1 in steady state.

Our nested CES structure for the labor input, equations (2) and (3), requires parameterization of two
elasticities of substitution (EoS). The first relates high- and low-skilled workers, whereas the second relates
natives and immigrants within a given skill level. For the EoS between high- and low-skilled workers,
given by 1/(1— ps), we choose a value of 2.9, consistent with estimates by Ottaviano and Peri (2012), who
use the same broad definition of skill level. The EoS between natives and immigrants within a skill level,
given by 1/(1 — pp), is more difficult to calibrate. Our baseline results consider a value of 14 for this key
parameter. Ottaviano and Peri (2012) estimate an EoS of 20 between natives and immigrants of the same
narrowly defined skill and experience. In our model, the relevant EoS refers to natives and immigrants of
the same broadly defined skill level and potentially different experience. In our setting, therefore, natives
and immigrants are more different than in the context of Ottaviano and Peri (2012), so the EoS should
be lower. We then study how results change when this elasticity takes a larger value of 50.

We calibrate the parameters that govern the productivity of high- and low-skilled workers, ay and af,
in equation (2), so that 60% of income flows to high-skilled workers in steady state. According to the 2015
Socioeconomic Characterization Survey,3° the distribution of total labor income across quintiles is [4.2%,
9.7%, 14.5%, 21.1%, 50.5%]. Assuming homogeneity within each quintile, the 30% of the population
with the highest income would receive a share of 61.05% (50.5 + 21.1/2), which we round to 60% for
high-skilled workers. Parameters a;; in equation (3), which govern the productivity of workers of type ij,
where ¢ € {H, L} denotes skill and ¢ € {D, F'} denotes birthplace, are set so that formal wages of natives
and immigrants of a given skill level are similar.

The rest of the parameters are more standard. The duration of a period, given by parameter T, is set
to 2 years. This implies that individuals in the model work during the first 40 years of their lives, and are
retired during the last 20 years. The discount factor, 3, is calibrated to obtain aggregate savings of about
20% of GDP.3! The technological growth rate, z, is set to 2%, in line with estimates and forecasts of trend
growth for Chile obtained by Albagli et al. (2015) for the period 2016-2050. Following the same study,
the labor share in production, 1 — «, is set to 52%, which corresponds to the 2008-2013 average of the

university education, which are considered formal workers). The distribution of participation rates in informality across
quintiles is [57%, 18%, 18%, 17%, 14%)]. Assuming that high-skilled (low-skilled) workers participate the least (most) in
the informal sector, and that participation within each of these bins is homogeneous, participation of high-skilled workers,
who represent 30% of the population, would be 15% (2/3 * 14% + 1/3 % 17%; each quantile contains by definition 20%
of the population). Similarly, participation of low-skilled workers, who represent 70% of the population, would be 30%
(2/7 % 57% + 2/7  18% + 2/7 % 18% + 1/7 * 17%).

2Data on self-employment of immigrants comes from the National Survey of Migration, which offers information on
immigrants aged 18 and older that arrived between 2016 and 2020. Self-employment is a good proxy of informality (Ferndndez
and Meza, 2015).

30 Bncuesta de Caracterizacion Socioeconémica Nacional (CASEN).

31The source for this target is data from the World Bank.
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Table 2: Baseline calibration

Parameter Description Value Source / Target
n” Growth rate, first cohort: natives —0.04 Population growth rate of 0.5%;
nf Growth rate, first cohort: immigrants (steady state) 0.05 immigrant labor force share of 5%.*
H/N Share of high-skilled in labor force 0.3 Share with some college education
& Congestion parameter in informality 0.57 Reallocation formal-informal: Joubert (2015)
bup 0.45
b e 0.45 Informal participation: 15%
BZI ; Productivity in informal sector 0.2 (high-skilled), 30% (low-skilled)
brr 0.2
KHD 0.18
KHF Additional disutility of informal 0.06 Similar labor supply across worker
KLD work 0.15 types
KLF 0.12
RE-1
n Congestion factor parameter in informality 2.5 —2w.t ) — 1 at steady state
Ps Governs EoS between high and low skill 0.65 EoS of 2.9, Ottaviano and Peri (2012)
Pb Governs EoS between natives and immigrants 0.928 EoS of 13.9
ag Formal sector productivity of high- 1.2 60% of income to high-skilled
ar, and low-skilled workers 0.6 workers in steady state
agp 0.55 .
agF Worker-type idiosyncratic 0.45 Forn}al wages of n'atlves .and
L immigrants of a given skill level are
arp productivity 0.55 similar
aLr 0.45
T Duration of a period (years) 2 -
YT 1 Annual discount rate 0.82 Aggregate savings of 20%
z Annual technological growth rate 2% Albagli et al. (2015)
o Capital share 0.48 Albagli et al. (2015)
0 Inverse intertemporal EoS 1 Literature
@ Governs labor supply elasticity 5 Orsi et al. (2014)
oh Governs informal labor supply elasticity 3 Orsi et al. (2014)
1—-(1-6)YT Annual depreciation rate 4% Literature
v Preference shifter parameter 1 No wealth effect on labor supply

Note.— *: rates are relative to the previous cohort size, so a negative value does not imply the population declines.

ratio of salaries paid by the corporate sector to the value added of that sector, net of taxes, according to
national accounts data.??> We take standard values for the inverse intertemporal elasticity of substitution,
6, which we set to 1, and the parameter that governs the elasticity of formal labor supply, ¢!, which we
set to 5. The elasticity of informal labor supply with respect to the return differential between the formal
and informal sector, fi’nf(hfj#rgfl) — (1 = 7)Wijt4g—1, is set to 3. The capital depreciation rate, ¢, is
set to 4% per year, as is standard in the literature. The parameter v, which governs the strength of the
wealth effect on labor supply, is set to 1. This specification favors the class of preferences that have a zero
wealth effect, similar to those proposed by Greenwood, Hercowitz, and Huffman (1988). Consequently,
changes in the quantity of labor supplied are only due to fluctuations in wages.?

We now describe the design of our simulation exercises, which are based on the recent experience
of Chile. The first ingredient of our simulations is demographic. We simulate a change in the size of
the labor force using the data shown in figure 1 for the period 2015-2050, which is based on historical
and projected population data from the National Statistics Institute, and on estimates and forecasts of
participation rates due to Aldunate, Bullano, Canales, Contreras, Fernandez, Fornero, Garcia, Garcia,

Pena, Tapia, and Ztiniga (20192a).3* Our simulations match population data and forecasts from 2015; this

32The underlying source of these data is the Central Bank of Chile.

33Correia, Neves, and Rebelo (1995) show that these preferences are useful for real small open economy models to match
features of aggregate fluctuations.

34The dynamics of the labor force are based on estimates and projections for the total population, the working-age
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is the year in which the large immigration wave begins. The shocks that alter the size of the labor force
are concentrated in the first three model periods, which reflect the six-year period from 2015 to 2020.
Thereafter, the demographic shocks are much smaller, which reflects the National Statistics Institute’s
more normal projections of immigration flows beyond 2020. The immigration flow in the first three periods
of our simulations represents about 8.5% of the total labor force prior to the beginning of the wave (about
700,000 immigrants between 2015-2020 and a labor force of roughly 8.5 million in 2014).

The upper-left graph in figure 6 depicts the higher growth rate of the total population generated by

35 The first vertical line in that graph marks the

the flow of immigrants entering the model economy.
first period in which immigrant workers that arrive in the first three periods of the simulation are retired,
whereas the second vertical line marks the first period in which these immigrants are deceased.In addition
to altering the size of the labor force, and as shown on the right-hand side panels of figure 6, immigration
alters the age structure of the population—indeed, the age structure of immigrants is skewed towards
younger working-age adults. Since individuals in the model are active for 40 years (20 model periods) and
retired for 20 years (10 periods), and since we abstract from human capital accumulation, our simulations
match the age distribution of immigrants in the 20-80 range of age. In the model, the native population
is assumed to grow at a constant rate, so the age distribution of natives is smoother than in the data.
The lower-left graph of figure 6 shows that the ratio of retired to active individuals declines due to the
immigration of mostly younger workers.

The second key ingredient of our simulations is related to the skills of immigrants and our assumption
of a downgrading spell. As mentioned in subsection 2.1, our baseline results assume that the long-run
skill distribution of immigrants is identical to that of the native population. However, in line with our
assumption that immigrants experience a downgrading spell before they can fully integrate to the labor
market, we impose an adverse distribution of skills on immigrants during the first two periods they live
in this economy. This transitory shock to the skill distribution of immigrants lowers their productivity.
Recall that in steady state, 30% of workers, both natives and immigrants, are high-skilled. In our baseline
simulation, the skill distribution of immigrants is adversely skewed for two model periods (4 years), such
that 90% of immigrants have the productivity associated with low-skilled workers. After the downgrading
spell is over, immigrants recover their productivity immediately and return to the steady state skill

distribution.

5 Results

This section presents the distributional, sectoral, and aggregate results of our baseline simulation of an
immigration shock. We also highlight the role of imperfect substitutability between natives and immi-
grants, the informal sector, the downgrading spell, and heterogeneity in the age structure of immigrants

and natives in driving these results.

population, and participation rates. The population data come from the National Statistics Institute (December 2018). The
participation rates used to pin down the labor force come from Aldunate et al. (2019a), who construct forecasts of the labor
force as an input for forecasts of trend growth in Chile.

35Since the model abstracts from the decision to participate in the labor market, we use the terms “labor force” and “total
population” interchangeably, but as previously mentioned, the simulation design uses data on the labor force.
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Figure 6: Population
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Note.— The two vertical lines on the left-hand-side graphs mark the first period in which: (i) immigrant workers that arrive
in the first three periods (2015-2020) retire, and (ii) these immigrants die. Each period in the model lasts 2 years. Source:

Aldunate et al. (2019b) and authors’ calculations.
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5.1 Baseline Simulation

Figure 7 shows the evolution of formal wages and labor in the formal and informal sectors as a conse-
quence of the immigration shock. Each column refers to one of the four types of workers in the model
economy—high-skilled domestic (HD), high-skilled foreign (HF), low-skilled domestic (LD), and low-
skilled foreign (LF).

As immigrants enter the economy, labor supply increases, putting downward pressure on the wages of
all workers. However, the generalized decline in wages masks a complex dynamic—arising, in particular,
from imperfect substitutability between labor inputs. This complexity is reflected in the varied wage
responses across the different types of workers. Notably, immigrant wages fall significantly more than
those of natives. As we will discuss in more detail, this sharper decline is mainly due to the limited
substitutability between native and immigrant labor. With the large immigration shock, foreign labor
becomes substantially more abundant relative to domestic labor, intensifying the downward pressure on
immigrant wages.

The large decline in immigrant wages makes the formal sector relatively less attractive than the
informal sector, so high- and low-skilled immigrants respond by reallocating labor effort from the formal
to the informal sector.?® This substantial reallocation of immigrants to the informal sector generates,
in turn, downward pressure on informal income due to congestion in that sector, i.e., the fact that the
marginal return from informality is inversely related to total hours per worker. Congestion in informality
plays a key role in disciplining reallocation between sectors in the model, and is intuitive if we think
of informality as, for example, work on the street, where a larger number of workers adversely affects
marginal returns.

Now, since informal income is common across worker types, its decline also affects natives. In partic-
ular, lower informal income makes the informal sector relatively less attractive for natives, who respond
by reallocating labor effort from the informal to the formal sector.

Natives reallocate to the formal sector despite a decline in their wages during the first 15 periods. As
we show below, the decline in informal income is larger than the decline in formal wages for natives. This

differential creates the incentive for natives to reallocate to the formal sector.

36In figure 7, formal and informal labor of the different types of workers refers to that of the tenth cohort in every period.
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Figure 7: Baseline simulation: Wages and sectoral labor
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Percent deviations from steady state. Formal and informal labor refer to the tenth cohort
in each period. Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.

To better understand the forces driving wage dynamics in the model economy, we rew—turn to the
determinants of formal wages. The nested CES structure of formal labor described in equations (2) and
(3)—which aggregates labor first by skill and then by birthplace—results in a wage for each worker of
type ij, where i € {H, L} denotes skill and j € {D, F'} denotes birthplace, that, after detrending, can be

written as the product of three main factors:

wijr = (1—a) (/b)) aai;  fle) ™% aef/lije)' ™%
—_——

Labor supply Imperfect subst.  Imperfect subst.
effect skill birthplace

The first factor, (1—«) (y¢/1;), which we call the labor supply effect, captures the downward pressure of
increased aggregate labor supply on wages. This component exerts uniform downward pressure across all
worker types and is the only factor that would drive wages if a single type of worker existed. The second
factor, (I;/ lit)l_gs, captures the effect of imperfect substitutability between high- and low-skilled labor on

wages. When labor of a given skill level becomes more abundant, workers of that skill level experience
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downward pressure on their wage. At the same time, because this abundance implies a relative scarcity of
workers with the other skill level, demand for the latter increases, putting upward pressure on their wage.
The intensity of this effect is governed by parameter g5, which in turn governs the elasticity of substitution
(EoS) between labor of different skill, given by 1/(1 — p5). As os approaches unity, high- and low-skilled
labor become perfect substitutes in (formal) production, with an EoS that approaches infinity, and this
effect vanishes. Lower values indicate imperfect substitutability. The third factor, (I;;/ lijt)l_g”, captures
the effect of imperfect substitutability between native and immigrant labor on wages. Analogously,
when labor of a given birthplace becomes more abundant (scarce), workers of that birthplace experience
downward (upward) pressure on their wage, with parameter g, governing the intensity of this effect.37

Figure 8 shows the evolution of these three forces for the four worker types. The black line displays the
labor supply effect, which generates downward pressure on wages. As previously mentioned, it is common
to all workers.?® The red line displays the effect of imperfect substitutability between high- and low-skilled
labor. The downgrading spell amplifies this force by temporarily increasing the relative supply of low-
skilled labor, thereby intensifying downward pressure on their wages. Simultaneously, the downgrading
spell puts upward pressure on wages of high-skilled workers, because it makes this group relatively scarcer.
Finally, the blue line captures imperfect substitutability between natives and immigrants of a given skill
level. This force exerts downward pressure on immigrant wages, since the immigration shock makes
immigrants more abundant relative to natives, and upward pressure on wages of natives, since natives
become relatively scarcer with respect to immigrants. This effect is larger for immigrants due to their
small initial share of the labor force, which makes the relative increase in their supply much larger.

The figure confirms that the dominant force behind the decline in immigrant wages is the imperfect
substitutability with natives, particularly given the large relative increase in immigrant labor. For low-
skilled immigrants, the other two forces, labor supply and imperfect substitutability between workers of
different skill, also put downward pressure on the wage. For high-skilled immigrants, imperfect substi-
tutability of workers of different skill exerts upward pressure on the wage, but this effect is dwarfed by
the downward pressure of the other two forces.

For native workers, the initial decline in formal-sector wages is primarily driven by the labor supply
effect (black line). For low-skilled natives, imperfect substitutability of skill also generates initial down-
ward pressure on the wage, whereas imperfect substitutability between immigrants and natives generates
upward pressure. For high-skilled workers, in turn, the labor supply effect dominates the other two forces,
both of which generate upward pressure on the wage. After approximately 15 periods, the labor supply
effect begins to exert upward pressure on wages, likely due to capital accumulation catching up and the

gradual retirement of earlier immigrant cohorts.

37a; and a;; are productivity parameters, which are held constant in this decomposition.

38The labor supply effect, (1 — @)y:/lt, also includes the role of the unitary elasticity of substitution between capital and
labor on wages, which reflects the Cobb-Douglas production function assumed for the formal sector; see equation (1).
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Figure 8: Baseline simulation: Drivers of formal wages
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). The wage of worker of type ij, where i € {H, L} denotes skill and j € {D, F'} denotes
birthplace is given, after detrending, by wij: = (1 — ) (y¢ /) asaij (It /lir)" 2 (lie/lije)* . The black line (labor supply
effect) displays the factor (1 — &) (y:/l:), the red line (imperfect substitutability of labor of different skill) displays the fac-
tor (I¢/lir)' %, and the blue line (imperfect substitutability of natives and immigrants) the factor (li/lij¢)' . Percent
deviations from steady state. Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect
foresight.

Labor reallocation across sectors is governed by the relative evolution of formal and informal income.
Figure 9 shows the evolution of the formal wage, net of income taxes, and informal income for the
four types of workers. Since informal income declines uniformly across worker types, as we mentioned
previously, differences in net formal wages drive the observed heterogeneity in sectoral reallocation.

Both high- and low-skilled natives reallocate labor effort from the informal to the formal sector. This
pattern reflects the fact that informal income declines more sharply than formal wages.

For immigrants, formal wages decline more sharply than informal income. This makes the informal

sector relatively more attractive, prompting immigrants to reallocate labor effort accordingly.
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Figure 9: Baseline simulation: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired).
Simulations conducted under perfect foresight.

Net formal income Informal income ‘

We conclude the analysis of the baseline simulation by examining the aggregate implications of the
immigration shock. Figure 10 shows that formal output per worker declines, although total output in the
economy expands, since the size of the economy increases with immigration. Capital is predetermined, so
the economy-wide ratio of capital to (formal) labor declines. Consequently, the return to capital increases,

which incentivizes investment.3?

39Note that capital is only used in the formal sector, so the relevant measure of scarcity relates it to formal labor.
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Figure 10: Baseline simulation: Aggregate effects
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Note.— Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired). Simulations conducted
under perfect foresight.

5.2 The Role of Imperfect Substitutability Between Natives and Immigrants

The elasticity of substitution (EoS) governs how easily firms can replace native with immigrant labor in
production, and thus shapes the distributional consequences of immigration. In the model, imperfect sub-
stitutability affects the economy primarily through its effect on formal-sector wages. Figure 11 compares
the key drivers of wages in the baseline simulation with a case in which the EoS is more than three times
larger—50 versus 14.40

A higher EoS between native and immigrant labor mitigates the effect of imperfect substitutability on
wages. Specifically, the upward pressure on wages of natives, who are scarcer relative to immigrants after
the shock, is reduced. Similarly, the downward pressure on wages of immigrants, who are more abundant
relative to natives after the shock, is also reduced. The contributions of the other two forces—labor supply
and skill substitutability—remain virtually unchanged. Therefore, formal wages of natives decline more
than in the baseline case, whereas wages of immigrants decline less than in the baseline case, as figure 12

shows.

“OParameter py,, which governs the EoS, given by 1/(1 — ps), takes a value of 0.98 in this alternative scenario, in which
we alter the EoS but leave the steady state unchanged. To this end, we modify the formal wage equilibrium equations
(equations (38) in Appendix B), and the equations that determine the formal labor composites lg+ and I1+ (equations (50)
in Appendix B) in order to keep the same steady state as in the baseline simulation. These six equations are the only ones
in the equilibrium system that contain the parameter p,. Since the model is highly non-linear, its response to shocks is
state-dependent. This adjustment preserves the functional form of the model while holding the steady state constant, which
allows us to focus on the changes in the dynamics that are a consequence of the change in the EoS while abstracting from
effects that would arise solely from changes in the steady state.
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Figure 11: Substitutability between natives and immigrants: Drivers of formal wages
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which the elasticity of substitution between
natives and immigrants, ps, takes a value of 50, instead of 14 in the baseline results. Percent deviations from steady state.
Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.

Because immigrant wages decline by only about half as much as in the baseline case, they have a
lower incentive to reallocate to the informal sector. For natives, a lower formal wage reduces the incentive
to reallocate to the formal sector. As figure 13 shows, informal income is slightly higher than in the
baseline case, which also reduces the incentive to reallocate to the formal sector. In fact, under higher
substitutability between natives and immigrants, the informal sector becomes relatively more attractive
for low-skilled native workers, who reallocate labor effort from the formal to the informal sector during
the first 5 periods, due to the combination of lower formal wages and a more modest decline in informal

income.

26



Figure 12: Substitutability between natives and immigrants: Wages and sectoral labor
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which the elasticity of substitution between
natives and immigrants, ps, takes a value of 50, instead of 14 in the baseline results. Percent deviations from steady state.
Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.

Informal income is only marginally higher in this scenario relative to the baseline. Immigrants put less
downward pressure on informal income due to substantially lower reallocation to that sector, but this is
partially offset by increased native participation in the informal sector, which exerts downward pressure

on informal income.
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Figure 13: Substitutability between natives and immigrants: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which the elasticity of substitution between
natives and immigrants, ps, takes a value of 50, instead of 14 in the baseline results. Percent deviations from steady state.
Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.

5.3 The Role of the Informal Sector

To isolate the role of labor reallocation between the formal and informal sectors, we fix the number of
hours worked in the informal sector at the steady state level throughout the simulation. Figure 14 shows
that, when workers cannot reallocate labor effort across sectors in response to changes in their relative
income, the three forces that affect formal wages are amplified. Because workers cannot shift to the sector
offering relatively higher income, the economy cannot absorb the shock through reallocation, leading to
sharper wage adjustments. This dynamic results in a net positive effect on the high-skilled native wage,
which is higher than in the baseline case, and a mixed effect on the wage of low-skilled natives, which is
initially lower than in the baseline case, but subsequently higher. For immigrant workers, formal wages
are lower than in the baseline case, mainly due to a larger effect of imperfect substitutability between

native and immigrant labor.
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Figure 14: The role of the informal sector: Drivers of formal wages
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which hours worked in the informal sector
are fixed at their steady state. Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired).
Simulations conducted under perfect foresight.

High-skilled natives are the only group whose wages exceed baseline levels throughout the simulation.
This is due to the higher upward pressure of imperfect substitutability between native and immigrant
labor. Since high-skilled immigrants remain in the formal sector, the relative scarcity of high-skilled
natives increases, intensifying the upward wage pressure from imperfect substitutability. Initially, the
wage of low-skilled natives falls more than in the baseline due to a stronger skill-substitutability effect,
since low-skilled workers are relatively more abundant in the formal sector during the first few periods,
but after the downgrading spell ends, the upward pressure from birthplace substitutability dominates.

The wage of immigrants is lower for both high-skilled and low-skilled workers. With informal labor
fixed at its steady state, immigrants cannot reallocate to the informal sector, so they are relatively
more abundant than natives in the formal sector. Thus, imperfect substitutability between native and
immigrant labor is the main driver of the decline in immigrants’ wages.

For brevity, we do not show figures on sectoral employment or formal versus informal income. They
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are available in appendix A. Finally, note that by fixing informal labor, we also eliminate the congestion
mechanism that is crucial for sectoral reallocation in the baseline simulation. We isolate the congestion

mechanism in the next subsection.

5.4 The Role of Congestion in the Informal Sector

In the baseline simulation, the informal sector features congestion, with parameter £ governing the extent
to which informal income responds to total informal employment per worker, thereby allowing us to

discipline labor reallocation between the formal and informal sectors.

Figure 15: Congestion in the informal sector: Wages and sectoral labor

Wage HD Wage HF Wage LD Wage LF
. 0
-2
4
6|V~
10 20 30 10 20 30 10 20 30 10 20 30
Formal labor HD Formal labor HF Formal labor LD Formal labor LF
0 0
1
-10 , ’ 5
0N - 10
-20 \ /
Lyt -15 7
-
-30 7 \' -
v - 9 -20f ¢
10 20 30 10 20 30 10 20 30 10 20 30
Informal labor HD Informal labor HF Informal labor LD Informal labor LF
200t~ ~ 4t , 40} o
N -~
4 I \ g
150 2 f \ 30 Q
N
100 0 N 20
\
50 5 N 10
0 4 0
10 20 30 10 20 30 10 20 30 10 20 30
Periods Periods Periods Periods
l Baseline == == == No congestion ‘

Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which congestion in the informal sector is
turned off, so informal income is constant. Percent deviations from steady state. Individuals live for 30 periods (20 active;
10 retired). Simulations conducted under perfect foresight.

We compare the baseline results to a scenario in which congestion is shut down, so informal income

is constant and independent of total informal employment per worker. In this alternative scenario, the

30



congestion parameter ¢ takes a value of 1, instead of 0.57 in the baseline case.*! Setting £ = 1 implies that

informal income is fully inelastic to changes in informal labor supply, effectively removing congestion.
Figure 15 shows that in this case, immigrants’ reallocation of labor effort to the informal sector is

similar to the baseline case. However, this dynamic does not generate a decline in informal income, as it

does in the baseline case due to congestion.

Figure 16: Congestion in the informal sector: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which congestion in the informal sector is
turned off, so informal income is constant. Percent deviations from steady state. Individuals live for 30 periods (20 active;
10 retired). Simulations conducted under perfect foresight.

Without the decline in informal income observed in the baseline simulation, natives have a smaller
incentive to reallocate labor effort to the formal sector. Indeed, low-skilled natives reallocate labor effort
toward the informal sector during the first 11 periods, when the net formal wage is lower than informal

income, as figure 16 shows. In the baseline simulation, congestion in the informal sector reduces informal

“IFollowing the logic behind the scenario with a different elasticity of substitution (subsection 5.2), we adjust the model
in order to leave the steady state unchanged when we set £ = 1. Specifically, we adjust equations (7), which govern informal
income and are a function of parameter £.
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income, creating an incentive for natives to shift toward formal employment. Removing this mechanism
alters that incentive structure.

Formal wages are higher than in the baseline case for all types of workers. Figure 17 shows that
this result is driven by the labor supply effect (black line). When the informal sector does not feature
congestion, equilibrium labor allocation shifts toward the informal sector, reducing labor supply in the
formal sector. A lower level of labor in the formal sector reduces the downward pressure of the labor
supply effect on wages. Notably, the wage of high-skilled domestic workers rises above steady state levels
almost immediately in this case, since the forces of imperfect substitutability of skill and birthplace, both
of which exert upward pressure on the high-skill wage, dominate the labor supply effect. This analysis
highlights the role of the informal sector as a pressure valve: when it absorbs more labor without reducing

income, it alleviates pressure on the formal sector, raising equilibrium wages.

Figure 17: Congestion in the informal sector: Drivers of formal wages
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which congestion in the informal sector is
turned off, so informal income is constant. Percent deviations from steady state. Individuals live for 30 periods (20 active;
10 retired). Simulations conducted under perfect foresight.
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5.5 The Role of the Downgrading Spell

To study the role of the downgrading spell, figure 18 compares the forces that drive formal wages in the
baseline results to a simulation that does not assume immigrants experience a downgrading spell. As

immigrants enter this economy they immediately find jobs matching their abilities.

Figure 18: The role of the downgrading spell
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled do-
mestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which immigrants do not experience a
downgrading spell. Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired). Simulations
conducted under perfect foresight.

The downgrading spell induces a larger relative increase of low-skilled formal labor supply that inten-
sifies the downward wage pressure on low-skilled workers through the channel of imperfect substitutability
between skill types. The opposite effect operates on high-skilled workers. The downgrading spell reduces
the relative supply of high-skilled labor, making them relatively scarcer and thus raising their wage. Fig-
ure 18 shows that when the transitory downgrading spell is absent, the force of imperfect substitutability
of skill is closer to neutral—it generates less upward pressure on the wage of high-skilled workers, and

less downward pressure on the wage of low-skilled workers.
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When the transitory downgrading spell is absent, the wages of high- and low-skilled domestic workers
behave more similarly, with an initial decline of about 1%. In the baseline case, the wage of low-skilled
domestic workers reaches a trough of about 1.25% below steady state, whereas the wage of high-skilled
domestic workers reaches a trough of about 0.75%. Thus, the downgrading spell accounts for approx-
imately 0.5 percentage points of the wage gap between high- and low-skilled natives in the short run.
For brevity, we do not show figures on sectoral employment or formal versus informal income. They are

available in appendix A.

5.6 The Role of the Age Structure of Immigrants

To conclude this section, we examine the importance of accounting for differences in the age structure
between immigrants and natives—an aspect that motivates the use of an overlapping generations (OLG)
model. Figure 19 compares the baseline results with a simulation in which immigrants and natives have the
same age structure. In this case, the magnitude of the effects of an immigration shock are substantially
smaller and less persistent. Since the immigrant population is older than in the baseline simulation,
fewer immigrants are active in the labor force, and those who are retire sooner, leading to a smaller
and shorter-lived increase in labor supply. This, in turn, reduces the magnitude and persistence of wage
and reallocation effects. The decline in wages is smaller and less persistent, mainly due to milder labor
supply and birthplace-substitutability effects.#?> The trough in wages is approximately half of that in the
baseline simulation. Sectoral reallocation is also smaller than in the baseline simulation. These results
underscore the importance of accounting for demographic heterogeneity in immigration models. Ignoring
age structure can lead to significant underestimation of the macroeconomic and distributional effects of
immigration. This finding is particularly relevant for emerging economies experiencing immigration waves
dominated by young workers, as is the case in Chile. For brevity, we do not show figures on wage drivers

or formal versus informal income. They are available in appendix A.

42The skill-substitutability effect on wages is similar to the baseline case. It is mainly driven by the transitory downgrading
spell, as we previously explained. Downgrading lasts only two model periods, so it is less sensitive to changes in the age
structure.
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Figure 19: The role of age structure
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD (low-skilled domes-
tic), and LF (low-skilled foreign). Dashed lines show results from a simulation in which the age structure of immigrants is
identical to that of natives (they still experience a downgrading spell). Percent deviations from steady state. Individuals live
for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.

6 Conclusion

Emerging countries receive a substantial share of global migration, yet the macroeconomic literature on
immigration has largely focused on advanced economies. This paper fills that gap by examining how
immigration affects economies where labor informality is pervasive—a defining feature of many emerging
markets. We develop an overlapping generations model that incorporates labor informality, imperfect
substitutability between natives and immigrants, and transitory skill downgrading. Calibrated to the
Chilean economy, the model reveals that immigration can trigger complex reallocation dynamics between
the formal and informal sectors, with distributional consequences that depend on labor market structure
and immigrant characteristics. In particular, the degree of substitutability between native and immigrant
labor plays a central role in shaping wage and employment outcomes. While our analysis is positive in

nature, the results underscore the importance of accounting for informality and demographic heterogeneity
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when evaluating immigration policy in emerging economies. Future research could extend this framework

to explore intergenerational effects, fiscal implications, and the role of human capital accumulation.
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Appendix

A Complementary Results

Figure 20: The role of the informal sector: Wages and sectoral labor
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which hours worked in the informal sector are fixed at their steady state. Percent deviations from
steady state. Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect

foresight.
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Figure 21: The role of the informal sector: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which hours worked in the informal sector are fixed at their steady state. Percent deviations from
steady state. Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect
foresight.
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Figure 22: The role of the downgrading spell: Wages and sectoral labor
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which immigrants do not experience a downgrading spell. Percent deviations from steady state.
Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.
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Figure 23: The role of the downgrading spell: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which immigrants do not experience a downgrading spell. Percent deviations from steady state.
Individuals live for 30 periods (20 active; 10 retired). Simulations conducted under perfect foresight.
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Figure 24: The role of the age structure: Drivers of formal wages
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which the age structure of immigrants is identical to that of natives (they still experience a downgrading
spell). Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired).
Simulations conducted under perfect foresight.
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Figure 25: The role of the age structure: Formal and informal income
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Note.— The four types of workers are denoted HD (high-skilled domestic), HF (high-skilled foreign), LD
(low-skilled domestic), and LF (low-skilled foreign). Dashed lines show results from a simulation in
which the age structure of immigrants is identical to that of natives (they still experience a downgrading
spell). Percent deviations from steady state. Individuals live for 30 periods (20 active; 10 retired).
Simulations conducted under perfect foresight.

B Model derivation
B.1 Firms

A representative firm demands capital, K;, and labor, L;, to produce a homogeneous good used for

consumption and investment. The firm’s production function is
v = K (AL (10)

with a € (0,1) and where A; denotes the labor-augmenting technology level which is assumed to grow

at a constant rate z, such that A; = A;_1(1+2). The labor input L, is a constant-elasticity-of-substitution
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(CES) bundle of labor of various skills:*3

1
Ly = lag (Lp)® + ar, (Lpy)?)es
1

Lit = [aip (Lipt)?* + air (Lipe)®]e  for i={H,L},

where L;; denotes the demand for workers from skill group ¢, the parameters a;,a;; > 0 measure
the productivities of the different worker types, and s, 0 < 1 govern the elasticity of substitution of
workers of different skills and origin. As g, — 1, workers of different skills are perfect substitutes, and as
on — —00 they are perfect complements. Also, L;;; = Zg;ll ijt aggregates labor demand across active
cohorts.

The firm maximizes profits subject to (10) and the labor composite, treating the rental rate of capital
r¥ and the skill-specific wage rates Wi+ as given. Substituting the constraints out, the firm’s optimization

problem can be written as:

20
max KOAT LI —rF Ky — Z Z Z Wijt L, (11)
KeLije ic{H,L} je{D,F} g=1

yielding the following first-order conditions for capital and labor :

Koo orf=all (12
g Lo\ (L \
where Wy = % These conditions imply that the zero-profit condition
20
Y =rfKe+ > > Y Winl, (14)
i€{H,L} je{D,F} g=1
is satisfied in equilibrium. The law of motion for capital is given by,
Ki1 = (1= 0)K; + 1IN, (15)

where § is the rate of depreciation and I}V¢* denotes net investment.

B.2 Workers of Type ij

Utility of a worker of type ij is a function of consumption, C';q, j¢» both when active (9 < 20) and when
g

i.j.¢> sectors, when
W

retired (g > 20), and of labor effort (hours) supplied to the formal, I ;, and informal, A

“3Throughout, upper-case letters denote variables that are non-stationary due to population growth, productivity growth,
or both, whereas lower-case letters denote stationary variables.
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active; for i = {H,L} and j = {D, F}. The present value of lifetime utility of a worker of skill ¢ and

origin j is then given by:

4

1-6 ¢ ¢h
0 (Ciig) 20 (g + 1 eg ) iy (hpig 1)
_ —1 \Ttt+g—1 —1A9 ig,t+g—1 ij,t+g—1 1 \"ijt+g—1
Uijt = Z e . _ Z BIO g " + 0 ’

where @ > 0 is the inverse of the elasticity of intertemporal substitution, ¢!, ¢" > 1 determines the
elasticity of labor supply, 5 € (0,1) is the subjective discount factor, and x;; > 0 is a specific utility cost
of informal labor.** The variable @fjt is an endogenous preference shifter based on Gali et al. (2012) that

is taken as given by the workers and satisfies

cs, N\
g _ 9 A1-0 1jtt+g—
Gijt+g—1 = XijAt ( A, )

with v € {0,1} and where ij > 0. The purpose of this preference shifter is to limit the wealth effect
on labor supply. When v = 0, we obtain @%t tg-1 = ngv i.e., the standard constant relative risk aversion

(CRRA) utility function implying a positive wealth effect, whereas the wealth effect is cancelled when

v = 1. We assume this later case in the calibration.%?

We model the informal sector as self-employment, which is conducted through a linear production
e—1

w

function, with labor as the only input, and with marginal product equal to AJ)U%, where h; is the
total size of informal labor and is used to account for congestion effects in informality.*6 This formulation
of self-employment productivity allows us to match the size of the informal sector and the extent to which
households reallocate labor effort across sectors, as we explain below.%” At times we will use the following

notation,
- hS)
finf(hzgj,t) = Atbij%’thgj,t
fori={H,L} and j = {D, F'}. Letting Sfjt denote the stock of savings an individual of cohort g and
type ij has in period t, for i = {H, L} and j = {D, F'}, a worker’s sequence of budget constraints for
periods t, t + 1, ... t 4+ 30 — 1 is given by:

- (RS
Cija = (L= T)Wigeli s + Abi ( p: ’t> hije = Sija

—1
hé
2 _ 2 7 pw,i+1 2 1 2
Cijrrr = (1= T)Wijipali i + Arabij n Pijarn + TS50 = Sijets

“This specific utility cost of informality captures in reduced-form, for example, the lack of health insurance and other
benefits, or the higher job insecurity in the informal sector.

45The disutility of work is assumed to grow with the factor Atlfg so that the model has a balanced growth path when
0 # 1.

46?)”' = bijaia,-j for i = {H,L} and j = {D,F}

4"Labor is the only input used in self-employment, so it is akin to home production. This assumption is reasonable,
because capital in the informal sector of emerging countries is known to represent a very small fraction of the total capital
stock. For evidence on capital in the informal sector, see Lopez-Martin (2019); Porta and Shleifer (2008); and Busso et al.
(2012). It is, therefore, common to model an informal sector that does not use capital as an input; see
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&—1
hpw,t+19

20 _ = 20 . 20 19 20
Cij,t+19 =(1- T)Wza,t+19l¢j,t+19 + At y19bi hz‘j,t+19 + Tt+195ij,t+18 - Sij,t+19ﬂ

21 _ 21 21
Cij,t+20 = Tt+205ij,t+19 - Sij,t—i-QO?

30 _ 29
Ciitr29 = T1419555 1498

where 7; = 14 7% — § denotes the gross return on assets. The period-by-period budget constraints can

be combined to obtain an intertemporal budget constraint (IBC):

30 [g-1 -1 20 [ g-1 -1
Z H Tt+ng ngj,tJrgfl = Z H Tt+ng {(1 - T)W/ij7t+g—1l%,t+g—1 + fmf(hgj,t+gfl)] )
g=1 \ng=1 g=1 \ng=1

The first generation at time ¢, then, faces the problem of maximizing utility (??) subject to the IBC

(B.2), taking Wjji4g—1 and 744 4—1 as given. This problem can be represented by the following Lagrangian:

1-6
30 CY.
_ t+g—1
Lijt = Zﬁg 1( Ulig>
g=1
¢! "
20 199 (l%gj,wg—l + hzgj,t+gfl) Kij (hzgj,t+g71>
= BT O g + o
g=1
20 g—1 -1
+ Wit Z H Tt+ng [(1 - T)Wijt+9*11gjt+g—1 + finf(hzgjt—i-g—l)}
g=1 \ng=1

-1

30 [ g-1
g
- Z H Tt+nyg Clit4g—1
g=1 \ng=1

g

where W, ; denotes the Lagrange multiplier associated with (B.2). Then, for g = 1, ..., 30 the first-order

conditions are:
1

—0 g—1
-1
Cigj7t+g,1 o 0=p9 (Ci'gj,z%gfl) — Wyt H Tttng . (16)

ng=1

For g = 1,...,20, i.e., when individuals are in the workforce, we also have their labor supply to both
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the formal and to the informal labor markets, i.e.,

¢'—1
] . -1
l?ng—l P 0=—p ngjtﬂl*l (l%twfl * hfngq) o
-1
g—1
+ Wit (1 — 7)Wijtrg—1 H Tt4ng ’
ng=1
¢l_1 ¢h_1
) . -1

hzgjt+g—l . 0= —p9 @gjt+g_1 [(lfjt+g_1 + h%t+g_1> + Kij (h?jtw—l) } (18)

¢-1 -1

h t+ 1 o1
pw,lT+g—
+ Wi Appg1b | ——— [T resn,
n ng=1

From (16), we obtain the set of Euler equations for consumption for any two different periods, i.e. for

g1 < g2 < 30:
g2—1 0

(Cz'gjltwl—l)_e:ﬁgrgl IT ren, ( igft+g2—1)_ : (19)

Ng=4g1

Solving for ¥;;; in (16) and using the result in (17) yields the intratemporal formal-sector labor supply
schedules, g < 20:

-1 —0

@zgjt+g—1 (l%‘qjt+g—1 + h?jt—i—g—l) = (Ci‘gjt+g—1) (1 - T)Wijt+g—1- (20)
Similarly, from (18) we obtain the informal-sector labor supply schedules, g < 20:
-1

-1 oh—1 -0 Py trg-1
(l:?jt—&-g—l + hzgjt—i-g—l) + Kij (hzgjt—i-g—l) } = (Oz‘gjt+g—1) Aty g-1b; % - (21)

g
@z‘jt+g—1

g

To gain intuition, it is useful to combine (20) with (21), and to solve the resulting equation for h; itg—1>

which yields:

1
=0 | fl (W )—(1=T)Wijiyg1| | ¢,
|:<C’ngt+g—l) [ f Jt+g—1 Jt+g ] 1f fi/nf(hl"gjt-i-g—l) > (1 — T)Wig't-‘rg—l’

g -
®ijt+g—1’fu

g _
hijtJrgfl =

0 otherwise.

This expression shows that households supply labor to the informal sector as long as the marginal
income from this activity exceeds the marginal income that they earn by working in the formal sector,
net of taxes. In particular, households are compensated for the additional utility cost that informal work
generates. By driving a wedge between the gross and net income from formal work, the tax rate on
formal labor income allows the model to reproduce the fact that even though the informal sector is less
productive than the formal one, workers have an incentive to work in it.*®

We can use the intertemporal budget contraint to re-write the consumption equations as follows

“8For evidence on wage differentials between the formal and informal sectors in Chile, see Joubert (2015).
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(noting P, _, = 0):
For g3 < 20

30 g—1 % 1
Chivger = 22 | 1L reemg | (87797 (22)

g=9g3 \Ng=93

-1
20 g—1
3—1
7“t+gs—15ig?t+gg—2 + Z ( H 7"t+ng) [(1 _T)Wiji-‘rg—ll?jt—&-g—l +fmf(h?jt+g—1)} )

9g=g3 \"g=93

and for g3 > 20

-1

=

gz—1
7't+93—15z‘jt+93—2- (23)

30 g—1 %
Clegr = | 2o | II reeny | (B77%)

g=g3s \Ng=gs

Finally, we define some aggregate variables,

20 -1
~ hopw
vi= 3" > > (1 —7m)Wil, + Aby ( - ’t> Wi N
ie{H,L} je{D,F} g=1 K

30
Cr = Z Z Zcigthzgjt

i€{H,L} je{D,F} g=1

29
r¢Si—1 = T4 Z Z Z Sfthz‘gjt

i€e{H,L} je{D,F} g=1

20 —1
o o (P
V' =Y +Y =K (AL) T+ Y > ZAtbw( ; ) hiNije
i€{H,L} je{D,F} g=1 K

Since we introduce a tax, 7 , to obtain a wedge between net and gross income that allows us to model an
incentive for agents to work in informality despite their lower productivity, we need to determine what it
is done with those taxes. We assume the government finances running costs and that it runs a balance
budget, i.e. Gy =T}, where

20
Ty =71 Z Z Z Wz%tngt

i€{H,L} je{D,F} g=1

We have a market clearing condition
VI =Ci+ IV + Gy

where
IN = AKy 1 + 0K,

B.3 Labor Market Equilibrium

Equilibrium in the labor market requires that demand for each skill group equal supply. Recall the firm’s

labor input is a CES bundle composed of labor of each skill, L;;. The labor input from skill group ¢ at

o1



time ¢ includes individuals of all active cohorts from that skill group:

20
Lije =Y _ LY, (24)
g=1
where L, is given by
ngjt = ligthigj,t’ (25)
i.e., hours worked by workers of type ij - for i = {H, L} and j = {D, F'} - and cohort g (lf]t) multiplied

by the number of workers (NJ,).
To conclude note that the model is non-stationary due to technological progress and population growth.
Next we present the complete set of equilibrium conditions, as well as the detrended version of the model,

and the derivation of the steady state.

B.4 Equilibrium Conditions

{Chipi: Chire: Chow Chres -« - Cipes e Cipy, Ci,
SIIJDt’S}{FtaS},DtasiFt’” SHDtaSHFtvsLDtvSLFtv
l}{Dh l}{Ftv l}/Dt’ liFtv e lHDtv lHFt’ lLDtv lLFt

hllr{Dtv h}IFtv hiDtv hiFt’ e hHDtv hHFtv hLDtv hLFt
L}{DtvL}-IFtvLiDtaLiFtv" LHDtvLHFtvLLDtaLLFtv

Lupt, Lure, Lupes Lore, Li gy L, Wape, Ware, Weoe, Wrre, Nupt,
1 arl 1 30,
Nuri, Nopt, Nore, Npi, Npe, Ny, Ny, o Npy, N, Ny ., N

1 1 1 1
Nipes Nigees NEpes Nipes - - - Nitpe Nitess Nibes Niges
1 30 ol Pyl
Ci,....,CM 5, ... St,rt,rt,Y Y'Y,

Ct7 St7 Lt: Ht7 Wt7 Kt+17 [ta Itjve 7ﬂ7 Gta Nt7 At}t:o )

such that for given initial values, the following conditions are satisfied for every t. For 0 < g < 20,
defining S?: i+=0,forie{H L} and j € {D, F},

hgwlt —1
ngjt =(1- )Wzg]tlzgt + Atbw pn hzgg ¢t TtSi‘qj,t—l - Si'qj,tv
for 20 < g <30 and i€ {H,L} and j € {D,F}:
Clg] t = T’tS ij, t 1 S;f]] t
and
Cz]t Smt 1

For 0 < gg < 20:

52



1-6 -1

30 g—1 I )

99 _ 9—99\ 9 gg9—1
Cijt—i—gg—l_ Z H Tt+ng (5 ) {Tt+99—1sijt+gg—2+
9=99 \"g=99

20 g—1 -r h§—1 )

g g 7o Upwittg—l,g
Z H Tt+ng (1 - T)Wz'jt+g—1lijt+g—1 + At+gflbm n hz‘jt+g—1 )
9=99 \"g=99

for 20 < gg, i € {H,L} and j € {D, F}:

-1

SN

g9g9—1
rt+99—1sij,t+gg—27

30 g—1 %
oy = | X | 1T o] (37

9=99 \"g=99

forg=1,...,30:

Ci= > > C§.Nj.

ie{H,L} je{D,F}

for 0 < g <20 we have:

d)lfl Ciqt —0(1—v)
X7 At+1-g (lgjt + h?jt) = (At—&-i—g (1 —1)W,

1

~ pET h_
Atb,-j"f';’t—(1—7)wﬂ> o
0

15t

hfjt = max (Cigjt) oY) ( ,

g 179(171}) B
XijAt+1—g Kij

_ 1—0p
Lt 1=0s Lit
Wi — WY W,
igt = Wige = G e (Lit> (Lijt>

for 0 < g <20,7i€{H,L} and j € {D, F} we have:

=19 NY

g
L ijtdVijt

ijt
fori e {H,L} and j € {D, F},

20
L= g
Lmt - Z Lijt
g=1

20
R 9 n9g
Hwt - Z hithijt
g=1

and for ¢ € {H, L},

Lit = Z ngtv
JE{FJ}

The population satisfies,
1 T 1
Npy = (1+ni) Ny
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N}I«“t = n{Ntl—l
for i < g <30
1
Ny =Ny

Ny = Nily + FINT

Then,
m m m
1
Npt = ZngDt = ZN}?t—(g—l) = Z ( + g g+1) Ni
g=1 g=1 g=1
m
Npy = ZNfﬂt = Ny — Npy
g=1
for g < 30,

N{ =N [g)t +N l%t
and high- and low-skilled individuals are determined by,
N %Dt = AupN }(:])t
Nipy = (1= Aup) N,

g — 9 g
NHFt - )‘HFtNFt

NgFt = (1 - )‘%Ft) Nf«“t

V= K{ (AL ™,
1
Ly = [ag (Lue)® +ag (Lr)® e

and for i = {H, L},
1
Lit = [aip (Lipt)®* + air (Lipt)®] 2

Z ZAt ij pwthzgjt ijts

je{D,F}g=1

Y=Y+ v

o4



for 0 < g < 29:

S = Z Z ngth%t

ie{H,L} je{D,F}

and

29
Se=2_ 5%
g=1

20
To=7 >, >, > Wi Ly,

ie{H,L} je{D,F} g=1
Gt - Ev

30
Cr=Y_ 07,
g=1
Vi =Ci+ IV + Gy
IN = AKy 4 + 0K,
Ky =1,
A=A 1 (1+2)
N} =N (1 +n" +nd),
Ny =N+ f7), g € 12,30]

Some complementary variables:

20
Hy= Y > > hlNj,

i€{H,L} je{D,F} g=1

20
Lrt=230 > > N

9=14e{H,L} je{D,F}

B.5 Detranded Equilibrium Conditions

To re-write the model in stationary form , we define the stationary per-capita cariables: ng,t = C’igji JAi+1-g,
st = Sha/Aviimg, wise = Wije/Ar, 1, = L /NG, e = Cof (AN}), ¢ = C7 ) (App1—gNY), s =
St/ (AN}), s = 87/ (A1 gN{), lije = Liji/NYs hije = Hije/ N}, lie = Lo/ N}, UG = LG N},
te =T/ (AN}), ge = Go/ (AND), wi =Y/ (AN}), yf = Y7/ (AN)), o =Y/ (ANY), Iy = Ly /N,
ffetal = plotal INL by = Hy /N, wy = Wi/Ay, ke = K/ (Ai-1NE,), i = I/ (AN}). The stationary

competitive equilibrium of the model is then given by the set of sequences
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1 1 1 1 m m m m
{CHD,ta CHF ) CLD,ts CLFt> -+ CHD > CHF ¢t CLD t» CLF t>

1 1 1 1 m—1 m—1 m—1 m—1
SHD,t>SHF,t>SLD,t>SLFt» > SHD .+ SHFt> SLD,t> SLFt>

Ups Urras lepo rgs - Uy oo i i 1D 1 iy
W HFE LD 4 LR s o VHD o VHE 'LD o VLEE >
hiD,t? hiF,ta o h%ﬁ%’ hgf};tla )‘HF,t7 n,’{, n{v ft27 st ftmv

lup,t, lart, lLp ., LLres Lot L6 WHD 4 WHE  WLD t, WLE
hapthurie hopes hLFt, SHD > SHE, SLD,ts SLEt

total jtotal 1 1 m—1 total total
l 3 l ht 9 lt, lt 3

m
L7t H,t ,Ct,...,Ct ,St,...,st ,Ct,st, wt’

x k T F I . &0
TtsTes Ty Yt » Yt ’yt7cat7ft?kt+1a1’t7tt’gt}t_0

such that for given initial values, the following conditions are satisfied for every ¢:%?

for1§g§20and5?jt:0

—1
h£
g g—1_ . 9 g=173 Tpwtyg g-1 g
Cijp = (L —=7) (14 2)" wipli; + (14 2)7 by " hijy +1esiieg — Sie
for 20 < g < 30
g _ g-—1 g
Cijt = TtS55¢—1 — Sijer
and
30 _ .. .2
Cijt = TtSijt—1s
for 0 < g9 <20,i€ {H,L} and j € {D, F}:
1-0 -1 -1
30 g—gg 6 4o " 20 g—g99
99 _ 99—
=12 | I reens pe rsfii+ Y | T ren
9=99 \ng=1 9=99 \ng=1
h§_1t+
g—1 _ - g L Upwit+g—99 1. 9
(1+2) (1-7) wmt+g—gglij,t+g—gg + by 777 ij,t+g9—gg
if 20 < gg:
1-0 -1
30 [g9—gg 0 1 )
99 _ 9—99\ 5 99—
Cijt = Z H Tt4ng (B9799) TtSi54—19
9=99 \ng=1

(26)

49To cast this system into Dynare syntax for predetermined variables, k:+1 and k; need to be written as k and k (—1)

respectively.
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forg > 1

also

g _

Ct_

g—2
HS:()

ol = (1+nf)
(1 +ny +n;
f
n
4 i
(1+nf +nf
(1 + ”;—g+1>
L+ 7 (1+n_ +nd
t—s t—g+1 t—g+1
nzjf:ngl

g—2
HS:O

(1= Ape) €L + ApeClhrpd

g=1

1—|—zlgH<

for 0 < g <20,ic{H, L} andjc{D,F}:

9 — q.q..

(1 + fé}:f) (1 + n;—g—i—l + ntf—

g+1> s=1

2 (1447

lt) 1—0s lzit 1—op
lit lijt ’

1+nt s+n1{ s)

f) [(1 — Aup) L + AHDC}{Dt]

f) [(1 - )‘}{Ft) ClLFt + A}{Ftc}{Ft}

+Zf£q ss—:_lll_‘[(

) [(1—Aup) C%Dt + )‘HDCJQLIDt]

.

Aggregate labor - formal and informal - across cohorts for each agent type yields,

lLFt

(1= Aup) (1+n)_gy)

lLDt Z lLDt
H (1 + nt s + n{ s)
1— )\1 f nf_ 2
_ lith( ) rth + Z%th (1 _ )‘%Ft) 1 t—1 —+ fi ;
14 nj +ny | (14‘”;75""'%75) 14+nf +ny
g—2 g—u
i Z 19 ) nzjfc—g—i-l g s+1 H“:S (1 ™ ft*u )
1re (1= Mgy - —s+1 "o 3
Hg:é ( + nt e s) s=1 HZ:O (1 + n;—u + n{—u
l %lg AHD (1 +n§,g+1>
HDt — HDt 1
g=1 Hg:O (1 + n:fnfs + n{fs)

o7

)

(32)

(33)

(38)

(39)

(41)



l _ ll )\}'IFtntf l2 AQ nl{cfl ftQ
HFt ='HPt—— ~ f T UHFtAHFL 1 7 + - 7
L+np +n (1—l—n§_s+nt_s) 1+n) +n
20 f
+> Ep Myr Sigil ;o I (14 #2)
it t -1 —s+
g=3 ngo ( + nt s + nt s) H (1 + ngfu + nz{/iu)
(1 ~up) (1+7_g11)
hrpe = Z hLDt ” f
0 (1 + Ny + nt—s)
Y nf nfi f2
hire = hlLF,t% +hipy (1 - /\%{Ft) N = 7N T : 7
1+nj+n; =0 (1 +np_ + nt_s) 1+n} +ng
f Hg*2 14+ fg*U
Ni_g41 +1 =
+ Z h%F,t (1 - )‘!IJ'-IFt) > + Z fg ss-i-l ( >f
=3 H (1+nts+nt s) s=1 H (1+nt u+nt u)

Ao (1+ g
T120 (1+ iy + i)

hHDt ZhHDt

AL S nff 2
hHFt:h}{FtLtf—i_hHFt)‘HFt 1 = ;YT t f
1+ +nj (1+n3;,s+nt,s) 1+nf + nj
20 f g—2 g—u
+ 5 B N Mi—g+1 + fomsl [Ti=s (1+f )
HFt"\HFt —s+1 7
g=3 H (1+nt s+nt s) s=1 H (1+nt u T u)
for i € {H, L}:

Hh = 3" L
JE{D,F}
ht htotal + htotal
1
I = lag (Lge)® + ar (Ine) ] es
for i € {H, L}:
1
lit = |aip (Lipt)®* + air (Lipe) %] %

forie {H,L} and j € {D, F}:

Xij (lwt + hut)(bl_l - (ngjt)_g(l_y) (1 —7)wie (1+2)77",

o8

(43)

(50)



hszt = ot
0
pé—L 9r—1 (1 + ny

-1
h ph—1
' —(1—T)wijt)

REL

oo &

(1+2)" x50

otherwise

kt ’ l—«
(1+2) (1+n;+n{)> (lt)

(1-a)y

Wy =
Ly

yt

= a¥ (14 2) (14 0] +nf)

ky
re=1+71F ¢

if gzj et (1 - T) Wijt

(52)

) [ZA)LDh%Di (1= Aup) +buphlyp Aup

&1 1 5 1 1 nf
1-— )‘HF,t) + bHFhHF,t)‘HFt} P
1+nf +ny

(
p;?”’t P)LFh%F,t (1 - )\%{F,t) + ZA)HFh%IEt)‘%IFt} [ .

M, (1 Yl + niis) 1+nf +nf
-1 gr—1
%ﬂt > [ELFh%F,t (1 - )‘%fF,t) + burhiy e N t}
g=3
n{ g+1 g s-‘rll H (1 + fiq:uu)
‘Z; (1 +nj_g+ng_ S) - [Tio (1 Tt n{_u>

yi =yl +y!

1 (1+n))
t_ L)

(58)

(59)

(1 +nt + nf) [(1 — A\uD) SiDt + /\HDS}JDt}
t t

f
+ e ) Kl - )‘llfiFt) SLEt T )‘}{Fts}{Ft}

(1+n{—|—n{
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for 1 < g <29

= (1 + ”g—g+1)
" (1 1541+l g+1) ITe= (1 + i ) (1 = Amp) 87y + Aupsirpy
+ n{ g+1 g 85:11 s—1 (1 .\ ftg:uu)—l
<1+7”Lt g+1+n{ g+1)H <1+f ) P

[(1— )‘HFt) SLFt + )‘HFtSHFt]

mZ (1+2)" ggﬁ? (1+ftg_;)f

g=1 50(1+nt s+nt s)

gt =1t

gr—1 1+ nj
g+1
tr=1 _1< . ) {(1 — A\gp) wLD,tl%D,t + /\HDwHD,tl%[DJ
g=1 Hs:O (1 tns+ nt—s)
f
n
+7 [( AHFt) wrrdppe + )‘}LIFthF,tlllLIF,t] ——
14+n] +ny
f 2
N1 f
+7 [(1 - )‘HFt) wrpdp + )‘HFthFtlHFt} - : 7 —
(1+nt s+nt s) 1+nt+nt
r—1 f
n ng Mi—g+1 ol ITi= (1 + fi )
Hg_1<—|—n +nf ) S+IH_<1—|—T +nf
s=0 t—s t—s s=1 =0 Ny TN
[(1 = Nipd) Wepdpy + Nypewn F,tl%F,t}
1-0)k
Z'iVCt — kt—i—l _ ( ) t

(14 2) (1+nf +nf)

ytTICtJriive“rgt

ltotal — ltotal + ltotal

forx =T, ,F, ,I, output per capita is

T,pc __ ytz
t - g—s
30 g—2 1+5
L+ > =2 ITs=0 AU

(1+n_o+ni)
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and output per active capita,

s = a (68)
¢ 1+ 20 HQ*Q (1+ffq:;)
2o a2

C Steady State
C.1 Homptopy

We solve for the steady state of our model by means of the homotopy approach available in Dynare. This
strategy allows for the computation of the steady state of a complex nonlinear model by departing from a
more simple one for which a solution can be - more easily - found. The sequential approach progressively
transforms the more simple model into the actual model of interest and, at each step, computes the steady
state of the increasingly more complex model by searching for a solution close to the one found in the
previous step.

This is usually done by setting certain parameters to particular values that render the model more
simple. In other words we depart from a special calibration that allows us to compute the steady state
and the approach moves the parameter values to our desired calibration. The following table shows the

parameters that enter our homotopy approach together with their initial and final values,

Parameter Values in Values in

simplified model calibrated model
h 5 — 3.00
B 09 — 0.82
bup 1.11% —s 0.67
bk 1.11%  — 0.82
bLp 1.11% — 0.62
brr 1.11%  —s 0.75
KHD 1 — 0.18
RHF I — 0.06
RLD 1 — 0.15
RLF I — 0.12
Ps 1 — 0.65
Pb I — 0.93
n 3.995-1 2.51
T 0.01 — 0.25

This table shows the transition of parameter values from the simplified model to the calibrated model used

in the homotopy approach.x this value is computed as described below, b;;.

In particular, note that in our initial simple case, the parameter that governs the labor supply elasticity
in the formal market is equal to the one in informality, b;; is homogenous across groups and set as described
below, the parameter that determines the additional disutility of working in the informal sector, x;;, is
homogeneous and equal to 1, both natives and foreigners and high- and low- skilled workers are perfect
substitutes, 7 is set so that in this special case the congestion factor equals 1 in steady state, and, finally,
the tax rate is set to a very small number. Additionaly, v = 1 to shut down wealth effects. We further

have that in steady state n’, and nf, are constant, and there is no migration wave, i.e. fJ,.

C.2 Steady State Derivation

Let us now derive the steady state for the above special calibration, that is, the one that takes the values

in the midle column of the previous table. Variables without time subscript denote steady state values.
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Departing from the IBC - for j € {D, F'} and i € {H, L} - we can write

20
Zrl I, Zrl I(142)97" {(1—7) wijlY; —I—bwhg} (69)
g=1
1
then using the Euler equation cg1 (,6’9 91rg— 91) = cgj =

30 4 g 9-91 D -1 L
= |2 | X ) (U= gl 4 by = ) o
g=1 g=1

for 1 < g1 <20, j € {D, F} and defining as usual s4ij" = 0,

30 PR
Ci‘]; _ (Z (ro—o) T B"l> (71)

9=01
L 2 Ll
(T s+ > ri I (14 2)97! [(1 — 1) wil; + bijnth)
9=

then,

1 30 1 9 et 20 s ht!
s = (Z (r9=91) T ) LN e (] 42y [(1 —7) wiﬂ%"‘bi]’nh?j]
9=g1

r
9=g1

30 16 g—g 30 9—g )
:(Z (r9791) 7 B «91> (Zr 0 - el) Zr_g(l—l—z)g !
g=1

. h&l
(1—-7) wijligj + bijnhzgj‘|

g=ag1 g=1
0 R h§—1
=D (1 2) [(1 — ) wilf; + bijhgj] ) (72)
- n
9=91

for 20 < g1, we have

9=91
then,
30 g1
A ﬁg‘fl) it
9=0q1 "
30 1-6 n 91 9=91 B
= (Z (Tgfgl) 9 ) Z +1*95T
9=01 g=1
-9 g-1 9 1 et g
S r9(1+2) (1—17) wijl,;j+bij7hij , (74)

Next, setting % =1, we have

W5 = A;A4;W (75)
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and

1
by (l—rywi) | 7T ., s
W} if bij > (1= r)wy

9 _

0 otherwise

if bi; > (1 — 7) wij we further have,

hig} = -
(1 + Z) g XiKij

(7%]‘ —(1=7) wz‘j)] e

91—92

=(1+z)9¢"-1

(Bz‘j - (1T)wij)rh11

(1+2)' 7% xiny

g1h*92 g
= (14 z)¢"-1 hi
else, if Bij < (1 — 7') W4

9192
B =0=(1+2) o b

We next choose Eij such that

g
O
] ) (1 _ 7_) wj

(76)

(78)

(79)

This assumption will allow us to solve for the capital-labor ratio. Ex post, we will proof that such a lA)ij

exists. We then, can write

1
1— Y
= <( T)wij (1 +z)gll> - hi;

Xi
1

(80)

91—9

91792 1— Pl_1 2
=(1+z) ¢ (( T)wij (1+ 2)921> (14 2) h;

Xi
9g1—92

= (142) o1 12

)
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gr—1
ILp = Z 9, — Aup) (1+n")

1+n7’+nf)9

gr—1
12,3 (142)F1 (1—Agp) (1 +n")
(1 +n" +nf)?

gr—1 g
U (1 o) (L (1 S LEDTT
g=1 (1+n"+nf)?
gr—1 1 g
=12 (1= dgp) (L) (1 2% 3 (LR
=\ (L +nm+nf)

e\ (e \”
g\ (1+n7+nf) [EERTh)

= 1 (1 = Aarp) (14+07) (14 2) 5
1— (14971
(1+nr+nf)

gr—1
- Yl LHFW
+7’Lr+nf)

gr—1
T Z (11 2)5% = Aur)n)
(1 +n"+nf)?

= 5 (1= dup)nf (14 2)77% _1(W>g

Bt
1M1

( (1+2) 7T (1+z)ﬁ gr
B (1= Ay f (1 2y AT A )
L[ aenFT
(T+nr+nf)

gr—1

Zz Aup(1+n7)
HD (14 pr 4l )9

gr—1

:l”DZ )5 Aup (L+n')
(1 +n" +nf)?
_lg - 1 1 g
=lgpAap (1+07) (1 +z72 %
g=1 +7’Lr+nf)

( (142)7-T >_ ( an7t \”
B (14 a7) (14 2) 2 A i (14n7+n)

1 [T
(1+n7'+nf)
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gr—1

Agrnd
= E Y 84
F . THE (] n" + nf)? (84)

gr—1

2 )\Hpnf
:lg2 (1 _AEre

gr-1 A\
92 1 -1
=12 mrnd (14 2) % ) (( +2) )

o (1+n" +nf)

( 27T\ [ asnmr |7
(1+n’“+nf) (1+n”rnf)
— 192 Apnd (1+2)7% ;
1— (142)e-1
(1+n*+nf)
g

using I, = bw(lhﬁ and the above expressions in (72) and (74) we get for 1 < g;20

) 0 (romo)T gt 20

= 1 _

19]1 =2(1—71)aa;w 930g1 TR Zr I(1+2)7" lg ngl 971 (14 2)9 1l;‘-]j
—1 IB3"e

g= r e g=1 9=g1
1-60 g—g1
=2(1 - 7) asazul; %gl - 21_09 AN ST i e (1L 2) (%f]
g=17 ? B0 g=1 9=01
©(g1,8)
=2 (1 — 7') aiaijwlilj@ (gl, ,8)
= 2(1 — 7') aiaijwlij@ (gl,ﬁ) Fij/l (85)
where
g1—1 %
o5 = I (56)
1—r=1(1+42)sT

I'p = ((1 - )\HD) (1 —|—’flr))_1, I'ip = ((1 — )\HF) nf)_l, Typ = (>\HD (1 —{—nr))_l, T'pr = (}\Hpnf>_1,

1 1 ar -1
(1+)%-1 |\ [ q4x¢ 1
N\l
and A= | (14 2)T=¢ . For 20 < g1

(11971
(1+nT+nf)

1—
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1-0 g—g1
30 9—91) "9 20
g1-1 =g (179" ‘

- -1
sy =21 = 7)aiaw =" P TR = dori(1+2)
g= roe gﬁ o g=1
9791 90
| D (19 gl) ’ - —
= 2(1 =) aiaijul 0 959 91 gzzzlr T(1+2) o

30 g—g1 20 _

| D= (r ) _ (9-1)¢

=2ty e S
g=1

Q(g1,8)
=2 (1 — 7') aiaijwlijQ (gl, 5) Fij/l (87)

where

1S
©-

(14 2)1=

—— (88)
Then we have,

k

=3
(61) m—1 1—g
- s9 (14 2)9 (1+nr+nf)
g=1
60) m— ,
,(/:\) ! (14+n")[(1 = Agp) SLD + )‘HDSHD] + "t (1= AuF) SLF + /\HFSHF]

[

1 (1+2)9" 1(1+n7"+nf)

®
\] )

/):\ 201 — 1) wA gil O(g+1,5) % (aLplep +arrlir) + ay (auplup + agrlur)
o= (142" (1+n +nf)™

— ar, (arplep + arrlir) + ag (agplup + agrlar)
Z g +1 ﬁ g—1 -9

9=gr (1+2)7" (1 +n"+nf)

gr—1

/-\

©g+1,8 (aLlL+aHlH mz: g+1,8)(arly + anly)
— (142 A4+ +0))? = A+2)0 A +n+nf)7?

(49) gr—1 m—1
= (1427 Q4+n+n)? = (1+2)7 1+n +nf)™?

using

_(1—a)yF_ k/l @
w_l_(1_a)((1+z)(1—|—n’"—|—nf)> (89)
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and

r=1+7rF-34

£(1+z) <1+nw+nf>—6

k
k/l a—1
1—|—a(1+z +nT+nf)> —5 (90)

we have
k 11—« f —a
(l) :2(1—7)(1—o¢)<(1+z)(1+n —I—n)) Ax

~ O(g+1,8) = Q(g+1,8)

Z g—1 T 9 + Z g-1 T 9 (1)

S (A wend) T S (L) (L 4 )

a—1

This is an equation in r and the capital-labor ratio, k/l, since r = 1+« <(1+z)(1k+/lm+nf)> — 0, this is an

equation only on the capital-labor ratio. Solving that non-linear equation, we can obtain a capital-labor
ratio and then proceed as in the open economy case. We solve this equation with a non-linear solver. Let

us finish by determining the Bij needed for the previous deviation

. h?.
By = bij
(1= 7) wi
then
(1—-7) aiaijwlfj = b” hf]
using
1
—1 Wij -1
lfj + h%j = ((1 —7) (14 2)Y X”)
(]
1
- (1 B
Xi
we have,

1 e
iy = <1 +(1—7) w”) <(1 ) (14 2)97! wj> 7

bij Xi
-1 1
—(1+(1-7)38 <(1 —7)(1+2)7" az‘%‘ﬂ)) o1
bi; Xi
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Putting everything together, we have (we guess here that in ss ?)ij > (1 — 7) wyj, we verify this ex-post)

—1 1
(1 - 7) asaiwld; = (1 — 7) aja;;w (1 +(1-7) Qf)”> ((1 —7)(1+2)7" aiaijw) o
bij Xi
1

(Bij —(1-7 wij)] a = Bijhg

— b, ]
“ (1 + Z)l_g XiKij *J

1

a;a;;w 1 (b” — (]. — T) aiaijw)] ¢—1

-1
(1—17)aja;jw (1 +(1—-7)— ) (1 —17)aaiw)e-1 = Bij [

(]
since b;; = a;a;;jb;; we have

(1= 7)w) o7 kg = (byy — (1= ) w) (b + (1 = 7) w)®~" (92)

The rest follows by solving the equations of the equilibrium, for example,

_(l—a)yF_ k/l @
w = —— ] —(1_a)<(1+z)(1+nr+nf)>
and
k

=«
(1+2)(1+n"+nt)
The individual consumption and saving choices have to be determined sequentially and alternating be-

. . . 1 1 2
tween consumption and saving,i.e. Cijs Sij» Cijs Sijre
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