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I. Introduction

The Syrian Refugee Crisis and the rise in xenophobic movements around the world

have renewed the interest for understanding the process of assimilation of immigrants

into the receiving society. The capacity of immigrants to acquire country-specific skills

such as language and business culture is a crucial determinant of their productivity in

the labor market. Moreover, integration has been shown to have a positive effect on
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natives’ attitudes towards immigration.1 Therefore, understanding the process by which

immigrants assimilate into the labor market is essential for immigration policy design.

It is well documented that wages of immigrants and the number of years they have

spent in the U.S. are positively correlated. However, the extent to which this correlation

can be attributed to immigrant assimilation has been the subject of a long debate (see

Borjas, 1999, 2014 and Cadena, Duncan and Trejo, 2015 for surveys). Seminal work by

Chiswick (1978) interpreted this correlation exclusively as evidence of speedy labor market

assimilation. However, Borjas (1985) noted that a large fraction of it can be spurious,

as a result of the declining productivity of recent immigrant cohorts. Other papers have

shown, as well, that the speed of convergence of immigrant wages towards those of natives

have decreased for recent immigrant cohorts (Smith, 2006; Borjas and Friedberg, 2009;

Borjas, 2015). Overall, these facts present a pessimistic view regarding wage assimilation

prospects of immigrants.

In this paper we show that an important fraction of these empirical regularities can

be explained by imperfect substitutability between natives and immigrants, increasing

sizes of immigrant inflows, and labor market competition. Observationally equivalent

natives and immigrants are typically employed in different occupations, which makes

them imperfect substitutes in production (Peri and Sparber, 2009; Ottaviano and Peri,

2012; Manacorda, Manning and Wadsworth, 2012; Llull, 2018a). Immigrants have also

been shown to downgrade at entry (Dustmann, Frattini and Preston, 2013). As a result

of all this, recent immigrants are exposed to stronger labor market competition by the

increasingly larger entry cohorts. This increasing competition can explain a substantial

fraction of the increase in the wage gap at entry, and also has important implications for

the speed of wage convergence observed in recent years. This mechanism provides a better

understanding of the observed patterns for different cohorts of immigrants. Furthermore,

it is particularly relevant for policy, as it implies that immigration policies that determine

the size and composition of immigrant inflows have additional unintended effects on the

extent of immigrant wage assimilation.

Our analysis provides a decomposition of the observed regularities into different mech-

anisms, filtering the data through the lens of a simple production framework. In our

framework, natives and immigrants supply general skills, which are portable across coun-

tries, and skills that are specific to the United States. At entry, immigrants are endowed

with the same amount of general skills than observationally equivalent natives, but only

with a fraction of their U.S.-specific skill units. As they spend time in the United States,

they accumulate specific skill units at a faster rate that natives, which we interpret as

the skill assimilation process. General and specific skills are aggregated by a Constant

Elasticity of Substitution (CES) technology, which allows for imperfect substitutability

between them. Consistent with a competitive equilibrium, workers are paid their marginal

1 See, for example, Hatton and Leigh (2011).
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product. Thus, relative skill prices depend on the relative supplies of these two types of

skills. Since immigrants disproportionately supply general skills, increasing sizes of immi-

grant inflows shift these relative prices in favor of specific skills. As a result, the wage gap

between natives and immigrants, especially at arrival, widens. On the other hand, nearly

fully assimilated immigrants are almost perfect substitutes to natives, and, therefore, the

mechanism also affects relative wage growth. Finally, a third mechanism is the dynamic

nature of immigrant cohort size growth, which makes all cohorts to be more affected at

later assimilation stages, thus affecting as well the observed relative wage growth.

The model accounts for the main features of the literature on wage impacts of immi-

gration and on wage assimilation. In particular, it allows for imperfect substitutability

between natives and immigrants (Peri and Sparber, 2009; Ottaviano and Peri, 2012; Man-

acorda, Manning and Wadsworth, 2012; Llull, 2018a), immigrant downgrading at entry

(Dustmann, Frattini and Preston, 2013), it is, to some extent, consistent with different

CES aggregation frameworks like the ones popularized in the immigration literature by

Borjas (2003) and Ottaviano and Peri (2012), and it (approximately) nests the standard

regressions estimated in the wage assimilation literature (e.g. Borjas, 1985, 1995, 2015)

as the special case in which there are no competition effects.

We fit our model on individual wage data from the U.S. Census and the American

Community Survey (ACS) over the period 1970 to 2010 by Non-Linear Least Squares

(NLS). Using our estimated model, we decompose the evolution of the initial wage gap and

relative wage growth into three different channels: the competition effect, a composition

effect driven by changes in the education and country of origin distribution, and the

residual, which we interpret as unobservable skills and skill assimilation respectively for

the initial wage gap and the relative wage growth. To analyze the competition effect,

we explore different counterfactual scenarios, shutting down imperfect substitutability

between general and specific skills, and also comparing our baseline predictions with

several counterfactual scenarios with different evolution of cohort sizes.

Results show an important role for competition effects. In particular, they explain

from 5 to 20 percent of the widening of the gap for the cohorts that arrived in the

1970s (relative to those arrived before), 19 to 48 percent for the 1980s cohorts, and

from 50 to 100 percent for the cohorts arrived after 1990. Likewise, they can explain

0.5 to 2 percentage points of the observed relative wage growth over the first 10 years,

consistently across cohorts. Importantly, after netting out these competition effects and

the composition effects based on education and national origin, the patterns of wage

assimilation look remarkably different to those directly observed in the data. In particular,

recent immigrant cohorts appear to be more positively (instead of negatively) selected

than older cohorts, especially those arrived after 1990. These differences disappear after

10 years, which explains why the rate of relative wage convergence has decreased in recent

decades. Overall, the speed of skill assimilation is estimated to be arguably faster than
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what the raw data shows: in the majority of our scenarios, a high school dropout Mexican

worker would close more than two thirds of the initial wage gap in the first 15 years. We

speculate that these results are consistent with a more selective immigration policy and a

more widespread accumulation of U.S.-specific skills (for example, knowledge of English

or business culture) outside of American borders as a result of globalization.

This paper contributes to the large literature that studies the wage assimilation of immi-

grants. Beginning with Chiswick (1978), this literature has typically studied the problem

through the lens of relative wage convergence. LaLonde and Topel (1992) define assim-

ilation as the process whereby “between two observationally equivalent persons, the one

with greater time in the United States typically earns more” (p. 75). Chiswick (1978)

documents, in a cross-sectional analysis, a strong and positive correlation between wages

of immigrants as the time they spend in the United States. Subsequent work by Borjas

(1985, 1995, 2015) shows that taking into account the changes in cohort quality leads to

significantly flatter relative wage convergence. A substantial body of research links the

decrease in skills of arriving cohorts and the drastic change in national origin composi-

tion of immigrants (e.g. Borjas, 1987, 1992; Jasso, Rosenzweig and Smith, 2000; Card,

2005).2 Our paper shows that an important part of these regularities can be explained

by increasing cohort sizes, based on our labor market competition channel.

Some recent studies in assimilation use longitudinal datasets, which allow them to com-

pletely remove unobserved heterogeneity in skills and account for selective return migra-

tion (Hu, 2000; Duleep and Dowhan, 2002; Lubotsky, 2007, 2011; Abramitzky, Boustan

and Eriksson, 2014). Furthermore, Beaman (2012) relates these labor market dynamics

with networks using exogenous variation from refugee immigrants resettled in the United

States. We abstract from these two mechanisms because of data limitations.

The labor market competition channel introduced in this paper is also closely related

to the large literature that analyzes wage effects of immigration. This literature is long-

standing and controversial. Friedberg and Hunt (1995), Borjas (1999), Borjas (1999), Card

(2005), Kerr and Kerr (2011), Cadena, Duncan and Trejo (2015), Dustmann, Schönberg

and Stuhler (2016) provide extensive surveys. Different papers in this literature exploit

different sources of variation, reaching different conclusions. Some papers exploit variation

from natural experiments (e.g., Card, 1990; Glitz, 2012; Dustmann, Schönberg and Stuh-

ler, 2017) or instrumental variables (e.g., Altonji and Card, 1991; Card, 2005; Monràs,

2015) in spatial correlations comparisons. Others exploit variation across education-

experience cells and over time (e.g., Borjas, 2003; Llull, 2018b). Recent papers follow

2 A large number of papers have estimated some version of Borjas (1995) for different countries. For
example, Antecol, Kuhn and Trejo (2006) estimate assimilation patterns for Australia, Canada, and the
United States, Baker and Benjamin (1994) estimates them for Canada, Dustmann (1993) for Germany,
Friedberg (2000) and Eckstein and Weiss (2004) for Israel, Edin, LaLonde and Åslund (2000) for Sweden,
Bell (1997) for the United Kingdom, and Kossoudji (1989), Schoeni (1997), and Bratsberg and Ragan
(2002) for the United States, among others.
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more structural approaches, either relying on simulations based on structurally estimated

production functions (e.g., Borjas, 2003; Ottaviano and Peri, 2012; Manacorda, Manning

and Wadsworth, 2012), search and matching models (Chassamboulli and Peri, 2015; Bat-

tisti, Felbermayr, Peri and Poutvaara, 2018; Albert, 2019), or equilibrium settings (Llull,

2018a; Piyapromdee, 2019). Different approaches typically deliver different results on the

overall effect of immigration, but there is some agreement that workers that are more

similar to immigrants are more negatively affected than those that are different. Some

groups of native workers are often estimated to benefit from immigration through their

relative complementarity with immigrants. Peri and Sparber (2009), Ottaviano and Peri

(2012), and Manacorda, Manning and Wadsworth (2012) provide evidence of the impor-

tance of imperfect elasticity of substitution between natives and immigrants in quantify-

ing wage effects of immigration. Llull (2018a) generates comparable levels of imperfect

substitutability by endogenously modeling occupation decisions, even when natives and

immigrants are perfect substitutes within a given occupation. Dustmann, Frattini and

Preston (2013) show that immigrants downgrade at entry and, therefore, do not compete

with observationally equivalent natives, but with the workers employed in the same jobs

they work. In our model, imperfect substitutability, partly driven by downgrading, is a

fundamental element for our labor market competition mechanism to operate.

Finally, this paper is also related to a broader literature in economics that studies

the effects of changing demographic structures on the dynamics of wages of imperfectly

substitutable workers. Starting with Katz and Murphy (1992), many papers have used

CES frameworks to quantify how the evolution of socio-demographic characteristics can

explain the evolution of relative wages in recent decades. Krusell, Ohanian, Ŕıos-Rull

and Violante (2000) estimate a nested CES production function to show that capital-

skill complementarity and the decreasing prices of equipment capital can explain most of

the increase in the college-high school wage gap. Card and Lemieux (2001) use another

nested CES technology to analyze how much changes in labor supply across age groups

with the same education can explain this increase. Jeong, Kim and Manovskii (2015)

use a framework that is similar to Katz and Murphy (1992) to quantify the extent to

which demographic changes can account for the changes in returns to experience in recent

decades, the differential dynamics of returns to experience across education groups, and

the increase in the college-high school wage gap. Our analysis follows a similar approach

to uncover the mechanisms behind the evolution of relative wages of immigrants that

arrived in different cohorts relative to natives.

The rest of the paper is organized as follows. Section II provides a brief description

of our data and some regressions that describe the relationship between the dynamics

of relative wages and the size of immigrant inflows. Section III presents our modeling

framework. Section IV discusses identification and estimation of the model. Section V

presents the baseline estimation results and checks the goodness of our model in fitting
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the observed patterns in the data. In Section VI we present simulation results and our

decomposition exercise. Finally, Section VII provides some analysis of the robustness of

our results to different specifications, before we conclude in Section VIII.

II. Data and Descriptive Evidence

In this section, we provide a brief description our data and sample, and provide some

regressions that describe the main patterns of assimilation established in the literature.

Our goal in the sections below is to investigate the extent to which our labor market

competition mechanism can explain these patterns.

A. Data

Our empirical analysis is based on U.S. Census data for the years 1970, 1980, 1990, and

2000, which we combine with pooled observations from the American Community Survey

(ACS) for the years 2009-2011. All data are downloaded from the Integrated Public

Use Microdata Series (IPUMS-USA, Ruggles, Flood, Goeken, Grover, Meyer, Pacas and

Sobek, 2018). Our main sample includes males aged 25 to 64 who are not self-employed,

do not live in group quarters, are not enrolled in school (except for 1970), work in the

civilian sector, and report positive hours of work and earnings. We drop immigrants with

no information on their country of birth or year of arrival in the United States. Further

details on the variable definitions are provided in Appendix A.

Table 1 reports descriptive statistics on the size and composition of different immigrant

arrival cohorts, which we aggregate by decade. Cohorts sizes increased steadily over the

time period considered, with the 1960s cohort comprising around 500 thousand individu-

als, the 1980s cohort 1.7 million individuals and the 2000s cohort 3.1 million individuals.

This substantial increase in the size of the immigrant inflows was accompanied by an

important shift in their ethnic and educational composition. In the 1960s, most immi-

grants originated from Western source countries (37.9 percent) and relatively few from

Mexico (9.7 percent) and Asia (14.8 percent). Over the following decades, this pattern

reversed, with the share of migrants from Western countries decreasing to 7.2 percent

and the share from Mexico and Asia increasing to 29.3 and 27.5 percent, respectively. At

the same time, the level of formal education of the new cohorts of immigrants improved

notably, especially since the 1980s, with the share of high school dropouts decreasing from

46.1 percent in the 1960s to 26.8 percent in the 2000s, and the share of college-educated

immigrants increasing from 24.1 percent in the 1960s to 34.7 percent in the 2000s.

As shown in Table C1 Appendix C, the accelerating inflow of new immigrants led to

an increase of the immigrant share in the population from 3.5 percent in 1970 to 15.6

percent in 2010. Despite the improvement in educational attainment across subsequent

arrival cohorts, immigrants are on average significantly less educated than natives, with

a high school dropout share of 27.4 percent compared to only 5.1 percent among the
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Table 1—Descriptive Statistics of Immigrant Cohorts

Cohort of entry:

1960-69 1970-79 1980-89 1990-99 2000-09

Share of population (%) 1.6 2.2 3.5 4.7 5.4
Cohort size (millions) 0.5 0.9 1.7 2.6 3.1
Age 38.3 36.8 35.9 36.2 37.0
Hourly wage 19.1 18.4 15.8 17.4 15.5

HS dropouts (%) 46.1 41.3 29.5 27.7 26.8
HS graduates (%) 19.1 19.2 22.6 27.2 26.9
Some college (%) 10.6 11.3 18.6 12.0 11.6
College graduates (%) 24.1 28.3 29.3 33.1 34.7

Mexico (%) 9.7 23.5 20.9 28.1 29.3
Other Latin America (%) 27.9 19.4 25.4 20.6 25.0
Western countries (%) 37.9 18.0 10.6 9.9 7.2
Asia (%) 14.8 31.4 34.5 28.5 27.5
Other (%) 9.7 7.7 8.5 13.0 11.0

Note: The statistics are based on the sample of male immigrants aged 25-64 reporting positive income (not living
in group quarters) that entered the United States during the respective time intervals, measured in the first Census
year following the arrival. Observations are weighted by the personal weights obtained from IPUMS, rescaled by
annual hours worked.

native population in 2010. The secular changes in educational attainment and country of

origin composition are likely to explain at least part of the observed changes in immigrant

assimilation profiles shown below (for example, see Figure 1). In our empirical analysis, we

quantify the contribution of these composition changes and compare it to the contribution

of labor market equilibrium effects due to the increase in immigrant cohort sizes.

B. Descriptive Evidence on Assimilation Patterns over Recent Decades

Most of the economics literature on immigrant assimilation has focused on the extent

to which immigrants’ wages converge to those of observationally equivalent natives as

immigrants spent time in the host country. A first cross-sectional approach estimated

in the early literature is to regress individual wages on a flexible function of potential

experience and some control variables, and additionally include, for immigrants, a flexible

function of years since migration (e.g. see Chiswick, 1978). As first noted by Borjas (1985),

however, the estimated relationship between years since migration and the relative wage

gap between immigrants and natives does not only reflect wage assimilation if the skills

of immigrants are systematically changing across cohorts. Relying on multiple cross-

sections, the problem can be resolved by including cohort fixed effects in the regression

model. Following the latter approach, which is the current standard in the literature, we

motivate our analysis by showing how immigrant wage assimilation profiles have changed

over time and how the initial wage gaps and subsequent convergence rates are correlated

with the size of immigrant inflows. The regressions are estimated on decennial census

data for the period 1970 to 2010.

In Figure 1, we show two sets of results. The dashed lines are obtained from year-

by-year regressions of log wages on a third order polynomial in age and dummies for
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Figure 1. Wage Gap between Natives and Immigrants and Years in the U.S.
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Note: The figure shows the prediction of the wage gap between natives and immigrants of different cohorts as they
spend time in the United States. The dashed lines represent the raw data, which is the result from year-by-year
regressions of log wages on a third order polynomial in age and dummies for the number of years since migration.
Solid lines represent fitted values of a regression that includes cohort and year dummies, a third order polynomial
in age interacted with year dummies, and a (up to a) third order polynomial in years since migration interacted
by cohort dummies (in particular, we include the first term of the polynomial for all cohorts, the second term
for all cohorts that arrived before year 2000, and the third order term for all cohorts that arrived before 1990).
Cohorts are grouped in the following way: before 1960, 1960-1969, 1970-1979, 1980-1989, 1990-1999, and after
2000. Colors represent cohorts, and shapes represent data or regression predictions as indicated in the legend.

years since migration, thus reflecting the raw data. The solid lines are obtained from a

single regression of log wages on year fixed effects and their interaction with a third order

polynomial in age, and cohort-of-entry fixed effects and their interaction with a third

order polynomial in years since migration.3 While Figure 1A shows the estimated wage

gaps and their evolution over time and across cohorts, Figure 1B highlights the relative

wage growth, normalizing the initial wage gaps of each cohort to zero.4

Figure 1 shows two major changes in immigrants’ wage assimilation profiles, already

established by the literature. First, the initial wage gap between newly-arriving immi-

grants and natives has widened over time, at least until the 1990s. While the 1960s cohort

arrived with an initial wage gap of less than 20 log points and managed to fully assimilate

within 25 years, the 1970s and 1980s arrival cohorts faced a substantially larger initial

wage gap, of around 30 log points. For the 1990s cohort, this gap declined again to around

22 log points. The second change is the speed of wage convergence, which has decreased

substantially for more recent cohorts, to the point that the 1990s cohort no longer shows

any wage assimilation after arrival.

Our central hypothesis is that the changing wage assimilation patterns across cohorts

3 The first term of the polynomial in years since migration is interacted with all cohort dummies,
the second one is interacted with all cohort dummies that entered before year 2000, and the third term
is interacted with all dummies for cohorts that entered before 1990. Cohorts are grouped in 10-year
intervals. The pre-1960 and post-2000 cohorts are not plotted but also included in the regression.

4 For the first two cohorts the first data point refers to individuals who have spent two years in the
United States. Thus, we normalize the curves to the second-year prediction.
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Figure 2. Cohort Size, Initial Wage Gap, and Relative Wage Growth
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Note: This figure plots initial wage gap (left) and relative wage growth over the first 10 years (right) for state-
cohort cells against the size of own and following immigrant cohorts, respectively. Initial gap and wage growth are
computed based on state-by-state regressions that include cohort and year dummies, a third order polynomial in
age interacted with year dummies, and a (up to a) third order polynomial in years since migration interacted by
cohort dummies (we include only the linear term for the last cohort, and a quadratic for the one that arrived in the
1990s). Cohorts are grouped in the following way: before 1960, 1960-1969, 1970-1979, 1980-1989, 1990-1999, and
after 2000. The initial wage gap is measured as the state-specific cohort fixed effect and the relative wage growth
is the change in the wage gap after 10 years, which is calculated based on the polynomial in years since migration
interacted with cohort dummies. Immigrant inflows are computed as the state population of the respective cohort
divided by the native population in the state in the first census year the cohort is observed. The cohort that
arrived before 1960 is not included in the plots. States with less than 50 immigrants in any of the census years
are excluded from the sample. Dots represent state-cohorts and lines represent linear regression fit.

are partially driven by changes in the relative supply of different skills due to the growing

immigrant inflows into the United States since the 1960s. To provide some raw evidence,

Figure 2 relates the predicted initial wage gap (left figure) and the relative wage growth

over the first ten years in the United States (right figure) to the size of the different

immigrant arrival cohorts, exploiting variation at the state-cohort level. The initial gaps

and relative growth rates are predicted from regressions analogous to those underlying the

solid lines in Figure 1 but estimated for each state separately (excluding states with less

than 50 immigrants in any of the censuses). The figure shows that correlations align with

our hypotheses. Larger immigrant arrival cohorts are characterized by a more pronounced

initial wage gap, as our framework unambiguously predicts. As we discuss below, the

predicted effect on wage growth is ambiguous. Figure 1B shows a negative correlation

between the sizes of immigrant inflows and the relative wage growth thereafter. In the

next section, we propose a simple framework that highlight the importance of labor market

competition as a driver of relative wage profiles.

III. Theoretical Framework

We model the relationship between labor market equilibrium effects and immigrants’

wage assimilation profiles with a simple production framework that combines two types of

imperfectly substitutable skills, both paid at a rate equal to their marginal product. In-
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dividuals supply skills that are “general” (or portable) across countries and skills that are

host country “specific”, which include language skills but also more broadly the ability to

successfully navigate the local institutional and cultural environment. We normalize the

supply of each of these skills to be equal to one for a native who just dropped out of high

school. Individual skill supplies are shifted by a skill index that is a function of a set of

observable characteristics such as education and age. Human capital accumulates mechan-

ically through learning by doing on the job. When arriving in the host country, immigrants

supply the same amount of general skills as comparable natives but only a fraction of their

country-specific skills. This fraction then evolves as they spend time in the country.

Let Gt denote the aggregate supply of general skill units and St the aggregate supply

of specific skill units in year t. Output Yt is produced according to the following constant

returns to scale production technology:

Yt = At

(
G

σ−1
σ

t + S
σ−1
σ

t

) σ
σ−1

, (1)

where σ denotes the elasticity of substitution between general and specific skills, and

At denotes total factor productivity.5 The aggregate supplies of skills are obtained by

summing up the individual supplies of all workers in the economy. The marginal products

and, hence, the rates of return to general and specific skills rGt and rSt are equal to:

rGt = At

(
Yt
AtGt

) 1
σ

and rSt = At

(
Yt
AtSt

) 1
σ

. (2)

As noted above, recent high school dropouts (the base group) supply one general skill unit

and a fraction s of a specific skill unit, with s = 1 for natives. Let n ≡ 1{native} denote

an indicator variable that equals one if the individual is a native and zero otherwise. For

immigrants (n = 0), the fraction s depends on the number of years spent in the host

country y, national origin k, cohort of entry j, education level e(E), where E denotes

years of education, and potential experience at the time of arrival x− y, where x denotes

current potential experience (age minus education).6 In particular:

s(n, y, k, j, E, x) ≡


1 if n = 1

θ0k +
∑3

`=1 θ1k`y
` + θ2e(E) +

∑3
`=1 θ3e(E)`y

`

+
∑3

`=1 θ4`(x− y)` + θ5j +
∑3

`=1 θ6j`y
`

if n = 0
(3)

where we allow the skill accumulation process of s to vary across different national origin

groups (θ1k`), education groups (θ3e(E)`) and cohorts of entry (θ6j`). General and specific

5 An alternative specification that allows for changing over-time relative importance of Gt and St is
also estimated below as a robustness check.

6 In practice, since we focus on the sample of individuals aged 25 and above, we define potential
experience so that it is zero at age 25 if the individual dropped out from school at any time before that age.
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skills are shifted by a skill index defined as:

ht(E, x) ≡ exp

(
η0e(E)t + η1tE +

3∑
i=1

η2itx
i

)
. (4)

Workers are paid according to the combination of skill units they supply to the market,

so that wages are given by:

wt(n, y, k, j, E, x) = [rGt + rSts(n, y, k, j, E, x)]ht(E, x). (5)

Given the equilibrium rates of return to general and specific skills in Equation (2), the

wages of immigrant workers relative to observationally equivalent native workers as a

function of y can be expressed as:

wt(0, y, k, j, E, x)

wt(1, ·, ·, ·, E, x)
=
rGt + rSts(n, y, k, j, E, x)

rGt + rSt

=
1 + s(n, y, k, j, E, x)(Gt/St)

1
σ

1 + (Gt/St)
1
σ

. (6)

Equation (6) serves as the basis of our estimation and counterfactual simulation exer-

cises. It identifies the two key drivers of the wage assimilation profiles of immigrants.

First, the rate at which s(n, y, k, j, E, x) evolves over time spent in the host country (y)

which reflects the skill assimilation process of immigrant workers. Second, the competi-

tion effect due to changing relative skill supplies (Gt/St), which plays a role as long as

general and specific skills are imperfect substitutes in the production process (σ < ∞)

and immigrants differ from natives in terms of the skill bundle they supply.

Consider how changes in the size of immigrant inflows affect relative wage profiles,

holding the skill accumulation process constant. Since immigrants disproportionately

supply general skills upon arrival (when typically s << 1), a larger immigrant inflow will

increase Gt/St by more and thus widen the wage gap relative to natives:

dwt(0,y,k,j,E,x)
wt(1,·,·,·,E,x)

d[Gt/St]
=

[s(n, y, k, j, E, x)− 1](Gt/St)
1−σ
σ

σ
[
1 + (Gt/St)

1
σ

]2 ≤ 0. (7)

Therefore, the larger a new immigrant arrival cohort, the larger will be the initial wage gap

it faces relative to natives, ceteris paribus. In addition, a larger immigrant arrival cohort

will also widen the wage gap of earlier cohorts of immigrants relative to natives, especially

if those cohorts arrived relatively recently. This is because more recent immigrants have

less specific skills than older cohorts, which have already accumulated specific skills in the

host country labor market. Intuitively, closer arrival cohorts are more similar in terms of

the skill bundles they supply, and therefore more substitutable in the labor market.

Larger immigrant cohorts also affect the speed of relative wage convergence as immi-

grants spend time in the United States. Consider the skill accumulation process s, which
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Figure 3. Dynamic Competition Effect: An Example
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determines the relative wage convergence of a given immigrant arrival cohort as y changes.

Now suppose that aggregate skill supplies increase permanently, for instance because of

an increase in the steady-state inflow rate of new immigrants. For a given arrival cohort,

such a permanent change in aggregate skill supplies will have a larger (negative) impact

in the early years after arrival than in the later years. In particular:

d

dy

(
dwt(0,y,k,j,E,x)
wt(1,·,·,·,E,x)

d[Gt/St]

)
=
ds(n, y, k, j, E, x)

dy

(Gt/St)
1−σ
σ

σ
[
1 + (Gt/St)

1
σ

]2 ≥ 0, (8)

which implies that the slope of the wage assimilation profile and therefore the speed of

wage convergence increases for this cohort.

There is another mechanism by which the increasing sizes of immigrant cohorts can

decrease the observed speed of relative wage convergence for immigrants. If the sizes of

immigrant cohorts steadily increase over time, unlike in the one-time permanent increase

analyzed in (8), the positive impact on the slope of the convergence curve is combined with

a continuous downward shift of the assimilation curve as described in (7), which can offset

the positive effect on the slope. We call this effect the dynamic competition effect, and we

also analyze it in our counterfactuals. To gain intuition about the nature of this dynamic

effect we plot an example in Figure 3. In the example, the size of immigrant cohorts

increase over time, which is observed in the increasing the gap and slope observed for the

different assimilation curves. If each of these increases where a once and for all change,

the observed speed of assimilation would increase (the slope of lighter lines is larger than

the one of darker lines), even though the starting point would be lower. However, if the

sizes of immigrant cohorts are growing over time, the pattern that we would observe is

the black thicker line (circles), which implies a slower speed of wage convergence.

Our framework is consistent with the most relevant aspects of the literatures on the

wage impact of immigration and immigrant wage assimilation. Peri and Sparber (2009),
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Ottaviano and Peri (2012) and Llull (2018a) argue that natives and immigrants are imper-

fect substitutes in production because they work in different occupations. According to

Peri and Sparber (2009), immigrants have comparative advantage in occupations that are

intensive in the use of manual tasks while natives specialize in language-intensive tasks.

Through the lens of our model, manual tasks would be intensive in general skills (tasks

like nailing, building or gardening are quite similar across countries) whereas language-

intensive tasks require host country specific skills (such as language fluency). In the anal-

ysis below, we explicitly link our estimate of the elasticity of substitution between general

and specific skills (σ) to the elasticity of substitution between natives and immigrants

that has been estimated in the literature.

More generally, Equation (1) looks somewhat different to the standard nested CES

production function popularized by Borjas (2003), Ottaviano and Peri (2012) and Man-

acorda, Manning and Wadsworth (2012). However, our framework can be generalized

by further dividing labor markets into different skill cells as long as the lowest level of

the nesting structure is defined in terms of general vs. specific skills within a given cell,

similarly to Ottaviano and Peri (2012).

Dustmann, Frattini and Preston (2013) discuss the importance of downgrading of immi-

grants at the time of arrival in the host country. A surgeon from Venezuela is unlikely to

be able to practice as such in the United States if she does not speak English sufficiently

well. As a result, she will need to find a different, often lower paying, job in the early

phase after arrival until she attains the required English language proficiency that allows

her to transition to higher paying jobs. Our model captures such initial downgrading by

allowing immigrants to lack specific skills at the time of arrival (s << 1) and then accu-

mulate them as they spend time in the United States. To account for the heterogeneity

across immigrants groups, we allow this downgrading to vary with immigrants’ observed

characteristics, including country of origin and education.

Finally, our model nests standard wage assimilation regression that has been estimated

in most of the existing literature (e.g. Borjas, 1985, 1995, 2015) as a special case. In

particular, under perfect substitutability between immigrants and natives (σ = ∞), log

wages in our framework are given by:

lnwt(n, y, k, j, E, x) = lnAt + ln[1 + s(n, y, k, j, E, x)] + lnht(E, x) (9)

≈ δt + η0e(E)t + η1tE +
3∑
`=1

η2`tx
` + (1− n)

[
θ0k +

∑3
`=1 θ1k`y

` + θ2e(E) +
∑3

`=1 θ3e`y
`

+
∑3

`=1 θ4`(x− y)` + θ5j +
∑3

`=1 θ6j`y
`

]
,

where, in the last line, we make use of the approximation ln(1 + s) ≈ s and define

δt ≡ lnAt + n ln(2). This expression corresponds to the standard wage assimilation

regression in the literature. Our framework can thus be viewed as a generalization of the

standard model which allows for the possibility that immigrants and natives are imperfect

substitutes in production.
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IV. Identification and Estimation

Our data set consists of repeated cross sections of native and immigrant workers with

individual information on education, age, and, for immigrants, age at the time of arrival,

country of origin, and cohort of entry. Let J denote the set of cohorts of entry available

in the data, E denote the set of considered education groups, and T the set census years.

The parameters to estimate are the elasticity of substitution between general and specific

skills σ, the parameters governing the speed at which immigrants acquire specific skills

{θ0k, {θ1k`}`∈{1,2,3}}k∈K, {θ2e, {θ3e`}`∈{1,2,3}}e∈E , {θ4`}`∈{1,2,3} and {θ5j, {θ6j`}3
`=1}j∈J , and

the parameters of the general skill index {{η0et}e∈E , η1t, {η2`t}`∈{1,2,3}}t∈T . This section

discusses identification and estimation of these parameters.

A. Identification

We begin with the identification of the parameters of the general skill shifter ht(E, x).

We index by i individual observations, observed in census year ti. Let mi denote the labor

market in which the individual is observed. In our baseline estimation, labor markets are

defined at the state level. Given that our data is cross-sectional, we simplify our notation

by using mi to denote a market-period pair. Let εi denote classical measurement error.

Observed native (log) wages are given by:

lnwi = ln (rGmi + rSmi) + η0e(Ei)ti + η1tiEi +
3∑
`=1

η2`tix
`
i + εi. (10)

Considering a separate regression for each census year, normalizing η0et for one edu-

cational level, and identifying ln (rGm + rSm) for each market-period m as the coeffi-

cient of the corresponding year-specific state dummy, the general skill index parameters

{{η0et}e∈E , η1t, {η2`t}`∈{1,2,3}}t∈T are identified as linear regression coefficients in (10).

Having identified these parameters, the aggregate supply of general skill units in market-

period m, Gm, is identified since, conditional on E and x, immigrants supply the same

amount of general skill units as natives. Moreover, the aggregate supply of specific skill

units St only depends on aggregate data, identified parameters, and the parameters of

s(n, y, k, j, E, x). The left hand side term of Equation (6) is identified as the ratio of

observed immigrant wages divided by those predicted for the individual if she was a

native, that is the product of the (exponentiated) time dummies ln (rGt + rSt) and the

predicted individual skill shifter ht(E, x). Therefore the parameters of the specific skills

production function for immigrants s(n, y, k, j, E, x) and the elasticity of substitution σ

are identified from Equation (6) as the coefficients of a non-linear regression. In particular,
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the parameters are identified from the following non-linear regression for immigrants:

lnwi − ̂ln(rGti + rSti)− ̂hti(Ei, xi) = − ln

1 +

(
Ĝti

Ŝti

) 1
σ


+ ln

1 +

(
Ĝti

Ŝti

) 1
σ (

θ0k +
∑3

`=1 θ1k`y
` + θ2e(E) +

∑3
`=1 θ3e(E)`y

`

+
∑3

`=1 θ4`(x− y)` + θ5j +
∑3

`=1 θ6j`y
`

)+ εi, (11)

where:

Ĝt =
Nt∑
i=1

ωihti(Ei, xi), (12)

and:

Ŝt =
Nt∑
i=1

ωi

[
n+ (1− n)

(
θ0k +

∑3
`=1 θ1k`y

` + θ2e(E) +
∑3

`=1 θ3e(E)`y
`

+
∑3

`=1 θ4`(x− y)` + θ5j +
∑3

`=1 θ6j`y
`

)]
hti(Ei, xi),

(13)

with Nt denoting the observations in the census sample for period/market t (includ-

ing natives and immigrants), and ωi denoting population elevation weights. Therefore,

s(n, y, k, j, E, x) is identified off the wage differences across individuals within a given

labor market, and σ is identified off the variation across markets and periods.

B. Estimation

Our estimation proceeds in two steps. In the first step, we estimate the parameters of

the general skill index by running the log-linear wage regression (10) on the observations

for native workers. We estimate a separate regression for each census year. In our baseline

specification, we define labor markets as state-years, so we include state dummies in each

of the regressions to identify skill prices (we estimate the model under different labor

market definitions in Section VII). Based on the estimated parameters, in the second step

we construct the left hand side term in (11), compute the native population size, which

is necessary to compute Ĝt and Ŝt for each iteration of parameters, and estimate the

remaining parameters by NLS on (11) using only the data for immigrant workers.

Regarding inference, the natural reaction to a two-stage estimation procedure would be

to correct second-stage standard errors for the econometric error introduced by using first-

stage estimates to compute Ĝm and Ŝm (the only right-hand-side variables that include the

outcome of the first-stage estimation). A simple (yet computationally demanding) way of

implementing that correction would be to bootstrap the standard errors. However, note

that Ĝm and Ŝm are aggregations of the first-stage-estimated terms. As aggregations, they

integrate over the first-stage estimation error, and hence, they are unlikely to introduce

any extra error in our second-stage estimation. Therefore, in our estimates below, we

provide standard errors computed with the standard NLS formula.
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V. Estimation Results and Goodness of Fit

This section provides an overview of the baseline estimation results, for which labor

market competition is determined at the state level. It also provides an evaluation of the

goodness of our model in fitting the data. Section VII below, provides results for alterna-

tive specifications, alternative definitions of labor markets, and other robustness checks.

A. Skill index parameters

Table 2 reports the estimates for the general skill index ht(E, x). Each column refers to

one census year. The parameter estimates are very much in line with those in the relevant

literature (see e.g. Heckman, Lochner and Todd, 2006, for a survey). Beyond the wage

effects of different educational degrees (2.1–4.5% for a high school diploma, 7.1–13.9%

for some college education, and 21.3–35.7% for a bachelor’s degree for different years),

an extra year of education increases wages by 4–6%. In general, returns to education

increased over time, in line with the findings in the wage inequality literature. Returns

to an extra year of experience also show the standard shape identified in the literature.

They are positive but decrease with the level of experience, reaching a value of zero

after around 20–25 years of experience (depending on the year) and slightly decreasing

thereafter. Recent years also show larger returns to experience, even though they are

more concave.

Table 2—Index of Skills, ht(E, x)

Census year:

1970 1980 1990 2000 2010

Years of education (η1t) 0.046 0.040 0.045 0.050 0.060
(0.001) (0.000) (0.000) (0.001) (0.001)

Potential experience (η21t) 0.032 0.043 0.040 0.041 0.050
(0.001) (0.000) (0.000) (0.000) (0.001)

Pot. exp. squared (η22t × 102) -0.107 -0.115 -0.078 -0.111 -0.138
(0.004) (0.002) (0.002) (0.002) (0.004)

Pot. exp. cube (η23t × 103) 0.010 0.008 0.001 0.009 0.010
(0.001) (0.000) (0.000) (0.000) (0.001)

High school graduate (η02t) 0.021 0.073 0.065 0.062 0.045
(0.003) (0.002) (0.002) (0.002) (0.004)

Some college (η03t) 0.071 0.090 0.139 0.138 0.130
(0.004) (0.003) (0.003) (0.003) (0.005)

College graduate (η04t) 0.225 0.213 0.303 0.337 0.357
(0.005) (0.004) (0.004) (0.005) (0.007)

Note: This table presents parameter estimates for the skill index ht(E, x), defined in (4), estimated on native
wages year by year. Each column represents a different census year. Labor markets for the computation of skill
prices are defined at the state level, that is, state dummies are included in each regression. Sample weights,
rescaled by annual hours worked are used in estimation. Robust standard errors in parentheses.
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B. Assimilation parameters

Table 3 reports the parameter estimates that describe the process through which immi-

grant workers accumulate specific skills, s(0, y, k, j, E, x). The first column includes the

non-interacted terms (that is θ0k, θ2e(E), {θ4`}`∈{1,2,3}, and θ5j, along with the constant

term, which captures the relative specific skills supplied at arrival by a Mexican high

school dropout who arrived in the 1970s cohort with zero years of foreign experience. The

constant term is estimated to 0.687, which indicates that the aforementioned immigrant

supplies around 69% of the specific skill units supplied by an observationally equivalent

native. All other non-interacted terms need to be read as relative shifters at arrival with

respect to this base individual. For example, individuals in other education groups are

shifted down by around 21–22 percentage points. Immigrants from the other regions of

origin are generally more productive at arrival. Yet, with the exception of immigrants

from Western countries, all immigrant groups arrive with specific skills that are well be-

low those of comparable native workers.7 Regarding arrival cohorts, with the exception of

the pre-1960s cohorts (for whom the intercept is widely extrapolated), immigrants from

earlier cohorts are more similar to natives at arrival, something we discuss in detail below.

Finally, results at arrival imply a negative and decreasing return to potential experience

abroad in terms of specific skills. The profile is steadily decreasing, reaching a 40 per-

centage points after 40 years of potential experience, which is the potential experience of

an individual arriving around the time of retirement.

The remaining columns of Table 3 show the interaction terms of each of the differ-

ent characteristics with a polynomial in years since migration, {θ1k`, θ3e(E)`, θ6j`}`in{1,2,3}.
Given that the magnitudes of these parameters are hard to visualize from the table, we

summarize the implied estimates in Figure 4. In particular, the figure plots the implied

skill assimilation profiles for different immigrant types. The baseline individual in all fig-

ures is a Mexican high school dropout (the most frequent immigrant in the sample) who

arrived in the United States in the 1970s (and hence we observe the entire wage profile

in the United States) with 10 years of potential experience (the unconditional average in

the sample). Figure 4A shows the evolution of specific skills by region of origin, holding

the level of education, the year of arrival and the potential experience at arrival constant

at their baseline levels. With the exception of immigrants from Western countries, all im-

migrant groups arrive with specific skills that are well below those of comparable native

workers, as we discussed above. Over the 30 years following arrival, all immigrant groups,

for this cohort of entry, education level, and experience at entry, then accumulate specific

skills such that the gap relative to natives is eventually closed completely.

Figure 4B shows corresponding profiles by level of education, holding the region of

7 There are only very few immigrants arriving from Western countries who are high school dropouts.
Note that we do not bound the specific-skills share of immigrants at a value of one, allowing their wages
to potentially exceed those of comparable natives, which is something that we observe in the data for
some immigrant groups.
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Table 3—Specific Skills for Immigrants, s(0, y, k, j, E, x)

Interactions with
years since migration:

Intercepts Linear Quadratic
(×102)

Cubic
(×103)

Region of origin θ0k, {θ1k`}`∈{1,2,3}:
Latin America 0.072 0.003 -0.010 0.000

(0.010) (0.002) (0.017) (0.003)
Western countries 0.692 -0.007 -0.017 0.003

(0.017) (0.004) (0.024) (0.004)
Asia 0.161 0.001 -0.008 0.001

(0.011) (0.003) (0.019) (0.004)
Other 0.049 0.019 -0.077 0.011

(0.013) (0.003) (0.024) (0.004)

Education level θ2e(E), {θ3e(E)`}`∈{1,2,3}:
High school graduate -0.221 -0.006 -0.011 0.003

(0.010) (0.002) (0.015) (0.003)
Some college -0.213 -0.014 0.039 -0.005

(0.012) (0.003) (0.019) (0.003)
College graduate -0.223 -0.012 0.042 -0.005

(0.011) (0.003) (0.019) (0.004)

Cohort of arrival θ5j , {θ6j`}`∈{1,2,3}:
Pre-1960s 0.398 -0.028 0.206 -0.031

(0.150) (0.020) (0.079) (0.010)
1960s -0.292 0.083 -0.280 0.033

(0.021) (0.004) (0.022) (0.004)
1970s 0.045 -0.137 0.015

(0.003) (0.017) (0.003)
1980s 0.032 0.038 -0.119 0.012

(0.011) (0.003) (0.019) (0.004)
1990sa 0.218 0.012 0.072 -0.050

(0.011) (0.003) (0.034) (0.011)
2000s 0.220 0.008

(0.012) (0.003)

Experience at entry {θ4`}`∈{1,2,3}:
Linear term -0.026

(0.001)
Quadratic (×102) 0.072

(0.006)
Cubic (×103) -0.008

(0.001)

Constant (relative specific skills at arrival of a Mexican high school dropout immi-
grant who arrived in the 1970s cohort with zero years of experience):

0.687
(0.011)

Note: This table presents parameter estimates for the specific skill accumulation function for immigrants, defined
in (3). Sample weights, rescaled by annual hours worked are used in estimation. The regression is estimated by
NLS. Standard errors in parenthesis.
a Quadratic and cubic interaction terms for 1990s and 2000s cohorts are grouped in estimation.
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Figure 4. Skill Assimilation, s(0, y, k, j, E, 10 + y)

A. By origin
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Note: The figure displays predicted skill assimilation profiles for different groups based on the baseline estimates
reported in Table 3. The baseline individual is a Mexican high school dropout who arrived in the United States in
the 1970s with 10 years of potential experience. Panel (A) displays the evolution of specific skills with time spent
in the United states by region of origin, Panel (B) by education level and Panel (C) by arrival cohort, holding all
other characteristics constant at their baseline levels.

origin, the year of arrival and the potential experience at arrival constant at their baseline

levels. Relative to equally educated natives, immigrant high school dropouts arrive with

the highest level of specific skills, reflecting the fact that they are more comparable to

native dropouts than, for example, immigrant college graduates are to native college

graduates. Immigrant high school dropouts also manage to close the skill gap as they

spend time in the United States. For the other education groups, only Western immigrants

would eventually close the gap (something that is observable combining the results from

Figures 4A and 4B). As noted above, the gap at arrival for other educational groups is

around 21–22 percentage points wider than high school dropouts. However, after 30 years,

these gaps are even larger, widening to roughly 40 percentage points.

Finally, Figure 4C plots the skill assimilation profiles by arrival cohort, omitting the

pre-1960s and post-2000s cohorts which we only observe for a short period of time (even

though they are accounted for in the estimation, as shown in Table 3). The findings differ

somewhat from the standard results in the literature. While the 1960s cohort faced a

substantial initial gap of more than 60 percent, this gap actually shrank for subsequent

cohorts, to around 50 percent for the 1970s and 1980s cohort and then to only 30 percent

for the 1990s cohort. This result could be the consequence of a more selective immigra-

tion policy and/or of globalization making U.S.-specific skills (for example, knowledge of

English or business culture) more abundant outside of American borders, among other

factors. The result, at least in terms of unobservable skills, speaks against the “declin-

ing cohort quality” narrative that is widely accepted by the literature. The speed of

assimilation of these cohorts also slowed down, the same extent to which the initial gap

in specific skills declined across cohorts, not surprisingly because these immigrants have

less specific skills to potentially accumulate. All cohorts close or almost close the gap
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after 20–30 years, leveling off at gaps that are, in the worst case, at around 90 percent of

native counterparts.

C. Elasticity of substitution

Panel (A) of Table 4 reports our baseline estimate for the elasticity of substitution σ.

Our point estimate is 0.039, precisely estimated. Interpreting this magnitude is not

straightforward since this elasticity has not been estimated in the literature. In order

to facilitate interpretation, we use two different arguments. First, the following identity

relating relative skill prices to relative skill supplies provides some economic meaning:

ln
rSt
rGt

=
1

σ
ln
Gt

St
. (14)

An elasticity of substitution of 0.039 implies 1/σ ≈ 25.6. Averaging the predicted Gt
St

across state labor markets, the relative supplies of general skill units increased from 0.9931

in 1970 to 1.0193 in 2010. In log differences, this change corresponds to an increase of 2.6

log points (2.6%). An inverse elasticity of 25.6 implies that this increase is associated with

an increase in the relative prices of specific skills of 2.6× 25.6 ≈ 66.6 log points (roughly

66.6%). This result suggests an important role for labor market competition, which we

will further quantify in the next section.

To formally link our parameter σ to the elasticity of substitution between immigrants

and natives that has been estimated in the prior literature, let mt ≡ It
Nt+It

denote the

immigrant share, h̄ ≡ Gt
Nt+It

the average skill index, and s̄ ≡ St/h̄−Nt
It

the average amount of

specific skills of immigrants in the economy. The implied elasticity of substitution between

immigrants and natives with the skill set {h̄, s̄}, derived in Appendix B1, is given by:

εNI = −
σ
[
1 + [1 + (s̄− 1)mt]

1
σ

] [
s̄+ [1 + (s̄− 1)mt]

1
σ

]
(s̄− 1)mt [1 + (s̄− 1)mt]

1+σ
σ

[
1− s̄

1+(s̄−1)mt

] . (15)

This elasticity tends to infinity (perfect substitutability) when σ approaches infinity or

s̄ converges to one. In the long run, when immigrants’ specific skill supply converges to

that of natives, both groups therefore become perfect substitutes in the labor market.

Based on (15), Panel (B) of Table 4 provides a back-of-the-envelope calculation for the

elasticity of substitution between natives and immigrants. Our estimates imply an elastic-

ity of substitution between immigrants and natives of 47.3, at the upper end of the range

of estimates presented in Ottaviano and Peri (2012). Having an implied elasticity that is

consistent with some of the specifications of Ottaviano and Peri (2012) is quite remark-

able, given the very different production function we consider. At the same time, having

estimates at the upper range of theirs suggests that our predictions for the competition

effect presented below are, if anything, conservative.

A similar expression can be derived for the elasticity of substitution between two distinct
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Table 4—Elasticity of Substitution Parameter, σ

A. Estimated elasticity of substitution between general and specific skills

Point Standard Confidence
estimate error interval

Elasticity of substitution (σ) 0.039 (0.002) [0.043,0.035]

B. Implied elasticity of substitution between natives and immigrants

Elasticity

Natives vs immigrants 47.3

C. Implied elasticity of substitution across different groups

Years in the United States:

Years in the United States: Natives 30-39 years 20-29 years 10-19 years

0-9 years 47.9 51.3 72.7 124.5
10-19 years 148.4 166.1 332.8
20-29 years 981.3 1,215.0
30-39 years 292,821.0

Note: Panel (A) of this table presents estimates for the elasticity of substitution between general and specific
skills parameter σ, defined in (1) and obtained by NLS following the procedure described in Section IV.B. Sample
weights, rescaled by annual hours worked are used in estimation and in the computation of aggregates. The
confidence interval is at 95% of significance level (based on the bands estimated for 1/σ). Panel (B) provides the
implied elasticity of substitution between natives and immigrants implied by this estimate, computed according
to (15). This elasticity of substitution was computed with s̄ = 0.804 and mt = 0.086. Panel (C) shows the
implied elasticities of substitution across different groups, based on (16). The values of s at which the expression
is evaluated are 0.723, 0.818, 0.894, and 0.978 for the 0–9, 10–19, 20-29, and 30-39 years-in-the-United-States
groups respectively, and the values of m1t are 0.039, 0.032, 0.016, and 0.005 respectively.

groups of immigrants. This expression, derived in Appendix B2, is:

ε12 = −
σ
[
s̄1 + [1 + (s̄− 1)mt]

1
σ

] [
s̄2 + [1 + (s̄− 1)mt]

1
σ

]
(s̄1 − s̄2)m1t [1 + (s̄− 1)mt]

1+σ
σ

[
1− s̄1

1+(s̄−1)mt

] , (16)

where s̄1 and s̄2 are group-specific but otherwise defined as s̄, and m1t ≡ I1t
Nt

. This

expression tends to infinity when σ approaches infinity or when s̄1 converges to s̄2 since,

in that case, both immigrant groups are identical in terms of the skills they supply.

Equation (16) also provides the elasticity of substitution between natives and a particular

group of immigrants as the special case in which s̄1 = 1 and m1t = 1. With some algebra,

it is easy to show that (15) is the special case of (16) with s̄1 = s̄, s̄2 = 1, and m1t = mt.

Panel (C) of Table 4 shows how the elasticity of substitution between natives and

immigrants evolves as the latter spend time in the U.S. labor market. For example, the

elasticity of substitution between natives and recent immigrants arriving within the last

10 years amounts to only 47.9 but increases steadily to 148.9 and 981.3 for immigrants

who have been in the country for 10-19 years and 20-29 years, respectively. After 20

years in the country, immigrants and natives are therefore essentially perfect substitutes

in the U.S. labor market. Regarding the substitutability between different groups of

21



Figure 5. Goodness of Fit
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Note: The figure compares the solid lines of Figure 1 (solid) with analogous regression lines estimated on the
wages predicted by our model given the estimated parameters (dashed). These regressions include cohort and year
dummies, a third order polynomial in age interacted with year dummies, and (an up to) a third order polynomial
in years since migration interacted by cohort dummies (in particular, we include the first term of the polynomial
for all cohorts, the second term for all cohorts that arrived before year 2000, and the third order term for all
cohorts that arrived before 1990).

immigrants, Table 4 also shows that the further apart two arrival cohorts are in time, the

less substitutable they are in production. New immigrants therefore primarily compete

with their immediate predecessors in the labor market.

D. Goodness of fit

We conclude this section evaluating the goodness of our model in reproducing the wage

assimilation profiles documented in Figure 1. This evaluation is done in Figure 5. In the

figure, we compare the solid lines of Figure 1 with analogous regression lines estimated

on the wages predicted by our model given the estimated parameters. In particular, as

in Figure 1, we estimate log wage regressions on cohort and year dummies, a third order

polynomial in age interacted with year dummies, and (an up to) a third order polynomial

in years since migration interacted by cohort dummies (in particular, we include the first

term of the polynomial for all cohorts, the second term for all cohorts that arrived before

year 2000, and the third order term for all cohorts that arrived before 1990). We estimate

these regressions on real and simulated data. The latter are obtained using our estimated

model to predict a wages for every individual in the sample. Results show that all the

specifications of the model replicate very well both the wage gap between natives and

immigrants, and the decreasing speed of convergence observed in recent decades.

VI. Labor Market Competition and Immigrant Wage Assimilation

We now use the estimates from our model to evaluate the role of labor market competi-

tion in explaining observed wage assimilation patterns. In our analysis, first we illustrate

the importance of each of the elements that explain the wage assimilation in the data,
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Figure 6. Changes in Relative Supplies and Relative Skill Prices

A. Aggregate changes
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B. State-level variation
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Note: The figure shows the predicted supplies of aggregate skill units of each type by immigrants in each year
(left plot, left axis), the relative skill prices implied by these aggregate supplies (left plot, right axis), and the
predicted relative skill prices at the state-year level. Aggregate supplies are normalized to 100 in year 1970.

including the competition effects, but also the effects of the changing composition of im-

migrants based on observable and unobservable characteristics. Then, we provide a wage

decomposition that quantifies the relative importance of each mechanism.

A. The labor market competition effect

We begin our analysis of the labor market competition effect by quantifying the extent

to which competition increased through immigration since 1970. Figure 6A plots the evo-

lution of aggregate general and specific skills supplied by immigrants and the evolution of

relative skill prices. Relative to 1970, the supply of general skills by immigrants increased

almost eighteenfold by 2010, whereas their supply of specific skills only increased by a

factor of eleven. This relative increase in general skills is reflected in a fall of their relative

price from 1.26 to 0.46, which decreases the relative wages of immigrants endowed with

less specific skills.8 Figure 6B illustrates the relationship between the population share

of immigrants and the relative skill price considering both time and spatial variation,

which is the variation exploited to identify σ. In particular, the plot correlates relative

skill prices and immigrant shares at the state-year level. The figure shows a clear nega-

tive relationship.9 Relative skill prices are well below 0.3 in states with large immigrant

population shares like California, New York or Florida in 2010, while the relative price is

around one in many states with close to zero immigrant shares in 1970 and 1980.

8 The relative prices of skills in 1970s is above one. This is so because we allow specific skill units to
go above one to capture that some immigrants earn more than the comparable natives, as already noted
in Footnote 7. In 1970, most immigrants were from Western origin and had been in the United States
for many years, which explains the result.

9 In 1970 several states show a somewhat positive correlation (even though the majority of them
concentrate at zero immigrants and relative prices of one). This is again reflecting that highly assimilated
Western immigrants (the majority in 1970) often earned higher wages than natives.
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Figure 7. The Labor Market Competition Effect

I. One-time increase in competition
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II. Observed increase in competition for each cohort (dynamic effect)

A. Difference with natives

  
−

0
.4

 −
0

.3
−

0
.2

−
0

.1
0

L
o

g
 W

a
g

e 
D

if
fe

re
n

ce
 w

it
h

 N
a
ti

v
es

0 5 10 15 20 25 30

Years in the United States

B. Relative wage growth

0
0

.0
9

0
.1

8
0

.2
7

0
.3

6
0

.4
5

R
el

a
ti

v
e 

W
a

g
e 

G
ro

w
th

0 5 10 15 20 25 30

Years in the United States

C. Competition effect

 −
0

.1
−

0
.0

5
0

0
.0

5
0

.1

E
s
ti

m
a

te
d

 e
ff

e
c
t

0 5 10 15 20 25 30

Years in the United States

Cohort:

1960−1969

1970−1979

1980−1989

1990−1999

 

No comp. effect

Note: The figure shows wage assimilation profiles of a baseline individual under different counterfactual scenarios.
Our baseline individual is a Mexican high school dropout who arrived in the United States in (or with the skills
of) the cohort of 1970s with 10 years of potential experience prior to arrival. The thick dashed line assumes
relative skill prices are one. Solid lines in Panel (I) are counterfactual scenarios in which the relative skill prices
are maintained constant to the level of the indicated years based on the results in 6A. Solid lines in Panel (II) show
the predicted assimilation curves for the baseline individual (averaged over states) if he experienced the sequence
of relative skill prices experienced by each of the indicated cohorts according to the results in 6B. Plots (A) and (B)
in each panel show the wage gap relative to natives and the relative wage growth as in Figure 1. Plots (C) show
the difference between the assimilation profiles in each counterfactual scenario and the no-competition benchmark.

According to our model, these changes in the relative supplies and, especially, on relative

skill prices should have a substantial impact on the observed patterns of wage assimilation.

As we discussed in Section III, the strongest effect of increasing labor market competition

is on the initial wage gap at arrival. Furthermore, as we also discussed, it has two types

of effects on the relative wage growth. First, since immigrants with lower levels of specific

skills are more imperfectly substitutable to natives, they are more affected, and thus the

speed of convergence is unambiguously increased though that channel. Second, there is

also a dynamic effect generated by the increasing exposure to competition as immigrants

spend time in the United States, illustrated with the example in Figure 3.

Figure 7 illustrates the importance of these three effects. The figure plots, under dif-

ferent counterfactual scenarios, the assimilation profile that we would observe for our

baseline individual: a Mexican high school dropout who arrived in the United States in

(or with the skills of) the cohort of 1970s with 10 years of potential experience prior to
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arrival. In all plots, the thick dashed line represents his assimilation profile in the absence

of competition effects, that is, if relative prices are equal to one (i.e., either σ = ∞ or

there are essentially no other immigrants in the market). This profile is the wage coun-

terpart of the estimated skill assimilation patterns shown in Figure 4. In the absence of

competition effects, this individual would earn 30% less than the equivalent native, and

would assimilate completely after 30 years.

Panels (I) and (II) plot different sets of counterfactuals. Plots (A) and (B) in each

panel show the wage gap relative to natives and the relative wage growth as in Figure 1,

whereas (C) plots show the difference between the assimilation profiles in each counter-

factual scenario and the no-competition benchmark described above. In the top panel, we

simulate counterfactual scenarios in which we maintain the level of competition constant

to the estimated levels for each of the census years. For example, the darkest line shows

the assimilation profile that we would observe for our baseline individual if he faced the

relative skill prices of 1970 in his 30 years in the United States. The other lines depict the

competition levels of each of the other census years. For each census year, we use the U.S.-

wide average relative skill prices depicted in Figure 6A. These counterfactual scenarios

thus illustrate the effect of a one-time increase in labor market competition, maintained

forever. Therefore, this panel provides evidence on the effects at arrival and on the direct

effect on the speed assimilation, which is predicted to be unambiguously positive.

Figures 7IA through 7IC show an important effect of labor market competition on the

initial wage gap at arrival. In particular, the initial wage gap of the baseline individual

increases in 17 percentage points (more than a 50% increase relative to the baseline) only

by changing the competition levels of 1970 to the ones in 2010. This effect necessarily

mitigates as the individual accumulates specific skills and completely vanishes after 30

years, by construction since the individual completely assimilates at that time.

As we discussed above, this (homogeneous) increase in speed of assimilation (compen-

sating the widening of the initial wage gap) is only part of the story. If immigrants are

facing increasingly stronger competition as they spend time in the United States, the

dynamic effect can slow down wage growth. The counterfactuals represented in Panel (II)

incorporate this effect into the analysis. In these counterfactuals, the baseline individual

is exposed to the sequence of relative skill prices that each of the cohorts represented in

the figure experienced in each state, according to the results presented in Figure 6B. These

predicted profiles are then averaged across states weighting each state by the number of

immigrants present in the state at the first census in which the cohort is observed. Each

cohort is assumed to arrive in the first year of the interval. For the cohort that arrived

in the 1960s, we assume that the skill prices they faced during their first 10 years in the

United States where those of 1970. For subsequent years and cohorts, the relative skill

prices between two census years are linearly interpolated.

The counterfactuals in Panel (II), therefore, add the dynamic competition effect to those
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in Panel (I). These plots show the complete competition effect. As evident from the figure,

the role of competition effects in explaining assimilation patterns is substantial. In terms

of initial wage gap, competition effects explain an increase in the initial wage gap of almost

10 percentage points between the cohorts that arrived in 1960s and in 1990s, naturally

in line with the results in Panel (I). As for the speed of assimilation, the dynamic effect

seems to play an important role. The cohorts that are more affected are the ones that

arrived in the 1960s and 1970s, essentially because the largest drop in relative skill prices

of general skills is observed during the 1970s and 1980s. The connection between Panel

(I) and Panel (II) graphs is as in Figure 3: throughout a decade, immigrants progressively

switch from one blue line to the next.

In sum, Figure 7 shows an important role for labor market competition in explaining

the observed patterns of wage assimilation. They alone can explain most of the widen-

ing of the initial wage gap. The figure also shows that the increasing sizes of immigrant

cohorts slowed down assimilation through the dynamic competition effect, but this effect

is not enough to compensate the positive effect through the decreasing degree of of sub-

stitutability with new immigrant cohorts that older immigrants experience as they spend

time in the United States. We revisit and expand these results in Section VI.C below,

when we implement our wage decomposition.

B. Changing observable characteristics

Our framework also allows to disentangle the importance of the changes in country

of origin and education composition to explain the observed changes in the assimilation

patterns. In order to do so, we simulate two sets of counterfactuals. In each counterfactual,

we simulate the assimilation profile for individuals from each region of origin and each

educational level, assuming they arrived with the skills of the cohort of 1970s, with 10

years of potential experience abroad, and that they do not face competition effects (i.e.,

relative skill prices equal one). Then, we average these assimilation profiles using two

different distributions of region of origin and education. In the first counterfactual, we

keep the distribution of immigrants across education groups constant to 1960 for each

region of origin, but adjust the proportion of immigrants from each region of origin as we

observe them changing in the data for the different cohorts. In the second counterfactual,

we keep the distribution of regions of origin within each education group constant to 1960

levels, but we adjust the distribution of immigrants in each education group across cohorts

as we observe them changing in the data.

We plot the results from these two counterfactuals in Figure 8. Panel (I) shows the

results for the first counterfactual, and Panel (II) shows the results for the second one.

Within each panel, plots (A) and (B) in each panel show the wage gap relative to natives

and the relative wage growth as in previous figures, whereas (C) plots show the difference

of each cohort with the one that arrived during the 1960s. Results from the top panel
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Figure 8. Composition Effects

I. Changing country of origin distribution
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II. Changing education distribution
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Note: The figure shows wage assimilation profiles for two counterfactual scenarios. In both counterfactuals, we
assume no competition effects (relative skill prices equal one). Panel (I) keeps the distribution of immigrants
across education groups constant to 1960s for each region of origin, and adjusts the proportion of immigrants
from each region of origin as we observe them changing in the data for the different cohorts. Panel (II) keeps the
distribution of regions of origin within each education group constant to 1960s, but adjusts the distribution of
immigrants in each education group across cohorts as we observe them changing in the data. Plots (A) and (B)
in each panel show the wage gap relative to natives and the relative wage growth as in Figure 1. Plots (C) show
the difference between each cohort and the cohort of 1960s.

suggest that the change in region of origin composition explain an increase of 6 percentage

points of the initial wage gap for the 1970s cohort, and 8 percentage points for the sub-

sequent cohorts. These effects reduce over time, explaining a difference of 3–4 percentage

points after 30 years in the United States. Therefore, the increasing importance of Mexico

as a region of origin over the years and the decreasing importance of Western countries

widened the initial wage gap, but increased the speed of assimilation. The results from

Panel (II) show little importance of education in explaining the observed changes in as-

similation patterns over the last few decades. In general, changes in education conditional

on region of origin explain up to one percentage point of the increase in the observed gaps

throughout the assimilation profiles. This limited importance is not very surprising, given

that the reference native is a U.S.-born individual with the same level of education.
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Figure 9. Changes in Unobservable Skills

A. Difference with natives
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Note: The figure shows wage assimilation profiles for the baseline individual (a Mexican high school dropout who
arrived in the United States with 10 years of experience abroad) changing the unobservable skills to the ones
estimated for each of the cohorts. In the counterfactuals, we assume no competition effects (relative skill prices
equal one). Plots (A) and (B) show the wage gap relative to natives and the relative wage growth as in Figure 1,
whereas (C) shows the difference between each cohort and the cohort of 1960s.

The remaining question is the extent to which unobservable skills of immigrants (or

assimilation technology) have changed over different cohorts. Figure 9 plots assimilation

profiles for our baseline individual (the Mexican high school dropout who arrived in the

United States with 10 years of experience abroad) if he arrived in each of the different

cohorts, assuming no competition effects. This figure is, in fact, the wage counterpart

of Figure 4C. As evident from the figure, immigrants became more positively selected

(contrary to the standard results in the literature) in recent years, even though their

speed of assimilation reduced somehow. Between 1960 and 1990, the wage gap at entry

for the baseline individual closed from 50% to 16%. However, immigrants fully converged

to native wages after 20 years in the 1960s cohort, after 30 years in the 1970s, and finished

their convergence at 5–7 percentage points below natives in the 1980s and 1990s. As we

mentioned above, this result is consistent with a more selective immigration policy and/or

of globalization making U.S.-specific skills (for example, knowledge of English or business

culture) more abundant outside of American borders, among other factors.

C. Wage decomposition

All our discussion so far has concentrated conditional convergence, defining comparable

natives based on ht(E, x), and often normalizing immigrants to our baseline individual.

In order to close our argument, we now link them to the patterns presented in Figure 1,

which do not condition on anything other than age. In particular, we check what part

of these raw patterns can be explained by competition effects, and by competition plus

composition effects (based on education and region of origin). To do so, we compute two

types of counterfactuals and plot them in Figure 10. In the first one (competition effects),

we predict wages for every individual in our sample using our model (as in Figure 5)

setting relative skill prices equal to one (and holding rGt + rSt, and, hence, native wages,

28



Figure 10. Competition and Composition Effects, and Observed Assimilation Patterns

I. Level difference with natives
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Note: The figure shows the counterfactual predictions of the wage gap between natives and immigrants of different
cohorts as they spend time in the United States in the absence of competition effects (left) and in the absence of
competition and composition effects (right). Panel (I) shows the wage gap with natives, and Panel (II) shows the
difference with respect to the baseline prediction. The assimilation profiles are regression lines analogous to those
presented in Figures 1 and 5, fitted on simulated data under the different counterfactuals. Both counterfactuals
set relative skill prices to one. The no-composition effects counterfactual adjusts regression sample weights for
immigrants to keep the composition in terms of education and region of origin as in the cohort of 1960.

as in the baseline). Using these predictions, we run the same regressions as in Figure 1,

and we plot the predicted profiles in Figure 10A. In the second counterfactual, we repeat

the same process, but we correct the sampling weights to recalibrate the importance of

each origin-education group to keep it constant as in the distribution for the 1960s cohort.

This counterfactual adds the composition effect to the effect of labor market competition,

as we hold the immigrant characteristics constant to the 1960s cohort. Figure 10B plots

the predicted assimilation profiles for this second counterfactual, obtained from the same

regressions on the predicted wages using the corrected weights in estimation. Figures 10C

and 10D present the difference of each of these lines with respect to the baseline.

The figure shows that 1970s and 1980s cohort would be respectively 3–5 and 5–10

percentage points closer to natives in the absence of labor market competition effects.
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Composition effects push them additional 2–5 percentage points further towards natives.

Likewise, the cohort of 1990s would be pushed 6 percentage points by the competition

effects, and slightly more by composition effects. In all cases, the effects are larger at earlier

years, but not dramatically. The cohort of 1960 would be pushed down by the competition

effect in the first few years because we estimate relative skill prices to be slightly above

one for these years. However, these first 10 years are somewhat extrapolated, so it is

difficult to extract very deep conclusions about them.

The result of these effects is that more recent cohorts seem to be closer than natives than

older cohorts at arrival, unlike the standard findings in the literature, but the flattening

of the convergence profiles remains. This flattening seems to be much stronger that

the one predicted in Figure 9. One possible explanation for this apparent discrepancy

is the evolution of native wages. While the no-composition-effects counterfactual holds

the education distribution of immigrants constant to the 1960s cohort, native education

increased substantially over this time period, and so did returns to education, as shown

in Table 2. Therefore, the speed of convergence for all cohorts except the 1960s (which

already converged at the beginning of the 1980s) might be apparently decreased in these

raw assimilation patterns, which do not control for education.

VII. Robustness checks

In this section, we show that our results are robust to a variety of alternative specifica-

tions that account for different concerns that our baseline specification may rise. For each

of the alternative specifications, we show the counterfactual assimilation profiles described

in Figures 9A, 10A, and, 10B (all other results from these specifications are available upon

request from the authors). Our robustness checks focus on possible confounding factors

and on different definitions of the labor market.

The first concern that we address is that a larger concentration of immigrants in a given

market affects relative skill prices, as in our model, but it can also affect the speed at

which immigrants accumulate specific skills. For example, this can occur through better

employment networks, lower need for learning English and other specific skills to navigate

within the country, or the formation of ghettos among other channels. These channels

normally operate through networks of immigrants from the same country of origin. In

our first robustness check, thus, we allow the accumulation of skills to depend on the

stock of immigrants from the same country of origin working in the same market as the

different workers in the sample. This additional variable is allowed to enter linearly, and

also interacted with a third order polynomial in years since migration.

Our second robustness check considers an alternative definition of labor market. In

particular, we define labor markets as state-education cells, assuming that individuals in

different education groups do not compete with each other. Finally, our third robustness

check deals with specific-skills-biased demand effects. Our baseline estimation already
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Table 5—Selected Parameter Estimates from Robustness Checks

A. Assimilation coefficients associated to the stock of immigrants

Interaction with
years since migration:

Intercept Linear Quadratic
(×102)

Cubic
(×103)

Stock of immigrants from the same -0.068 -0.008 0.048 -0.009
origin country in the state (×106) (0.025) (0.006) (0.038) (0.007)

B. Demand shifter for relative skill prices

Intercept (δ0) Trend (δ1)

Relative demand shifters -1.375 0.016
(0.169) (0.001)

C. Elasticity of substitution between general and specific skills

Counterfactual:

State-education Relative
Networks definition of demand

labor market shifters

Elasticity of substitution (σ) 0.050 0.060 0.141
(0.003) (0.003) (0.032)

Note: Panel (A) of this table presents estimates for the parameters associated to the stock of immigrants from the
same origin country living in the state of the reference person, introduced in the skill assimilation expression for
the first robustness check. Panel (B) shows the intercept and trend parameters for the relative demand shifters
estimated in the third robustness check. Panel (C) shows the estimated elasticities of substitution between general
and specific skills (σ) for the different robustness checks. Standard errors in parentheses.

accounts for labor demand shocks allowing ht(E, x) to flexibly depend on time. However,

these demand effects only account for general shifts in the demand for skills (for example,

skill-biased technical change increasing the demand for college workers). The demand

effects could additionally be biased towards (or against) specific skills, thus affecting also

the relative skill prices. In order to account for this type of biased demand effects, our

third robustness check considers the following modification of our production function:

Yt = At

(
G

σ−1
σ

t + δtS
σ−1
σ

t

) σ
σ−1

, (17)

where, similar to other papers in the wage inequality literature, δt = exp(δ0 + δ1t). This

change implies that rSt/rGt is now δt(Gt/St)
1
σ . Assuming that these technology parameters

are common across states, its identification follows trivially from state-level variation in

the relative supplies of skills and from the long run trend in relative wages. In this case,

our counterfatuals with no competition effects set σ =∞, but keep the trend in relative

skill prices implied by δt.

Table 5 summarizes some of the parameter estimates obtained across different counter-

factuals. Panel (A) shows that a larger stock of immigrants from the same country of

origin living in the same state as the respondent have a negative (though relatively small)
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Figure 11. Counterfactual Simulations for Robustness Checks

I. Networks in assimilation

A. Changes in unobservable skills
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II. State-education definition of labor markets
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III. Relative demand shifters

A. Changes in unobservable skills
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Note: The figure reproduces the counterfactual assimilation profiles described in Figures 9A, 10A, and, 10B for
the three robustness checks described in the text: controlling for networks in the assimilation profiles, Panel (I);
defining labor markets as state-education cells, Panel (II); and controlling for relative demand shifters, Panel (III).
In Figure 11IA, the baseline individual is evaluated at a network of 0.32 million (the average in the sample for
Mexican high school dropout workers that arrived in the cohort of 1970). In Panel (III), individuals are assumed
to arrive in the first year of the interval the cohort refers to.

impact on the initial wage gap. The initial wage gap is reduced by almost 7 percentage

points for every million of immigrants. The unconditional average is relatively small, 0.11

millions, and the values range from zero to 0.76 millions. This implies that on average,
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initial wage gap is increased by 0.8 percentage points, going up to 5.2 percentage points

in the worst case in the sample. The estimated effects on the wage growth are small

and statistically insignificant. In particular, point estimates imply that one additional

million of immigrants in the network variable reduce the 30-year wage increase in only 5

percentage points. Panel (B) shows the relative demand shifters. Point estimates suggest

that the relative demand for specific skills increased substantially, roughly at a rate of

roughly 1.6 percent every year. That increase suggests that skill-biased technical change

increased the relative demand of specific skills in recent years, which is consistent with the

economy moving from manufacturing towards services. Panel (C) shows the elasticities of

substitution between general and specific skills estimated for each of the three specifica-

tions. Even though point estimates are statistically different from the baseline estimates,

they are in the same ballpark, at least judging by the similar counterfactual predictions

they generate, as we shown below.

Figure 11 shows the counterfactual assimilation profiles described in Figures 9A, 10A,

and, 10B computed with the estimates obtained in the three robustness checks. As evident

from the picture, the three sets of estimates generate very similar predictions with the

exception of the first 10 years in the United States for the cohort of 1960 in the relative

demand shifters specification. As we argued above, however, these years are mostly

extrapolated, and, indeed, the remaining years for this cohort are also very similar to the

baseline results. Therefore, Figure 11 shows that our results are robust to the different

concerns raised above.

VIII. Conclusions
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Appendix A: Variable Definitions

Immigrants They are defined as foreign-born individuals with non-American parents.

Wages Hourly wages are computed combining information on annual wage and salary

income, the number of weeks worked during the year, and the usual number of hours

worked per week. In 1970, weeks worked is only available in intervals, so we impute the

average number of weeks worked for individuals in each of the intervals in the remaining

years. We deflate wages to US dollars of 1999 using the Consumer Price Index for All

Urban Consumers (CPI-U) from the Bureau of Labor Statistics. Extreme observations

with an hourly wage lower than 1 US$ or larger than 250 US$ are dropped.

Education Years of education is obtained mapping the detailed classification of ed-

ucation from each census into years. Educational level categorizes individuals in four

education groups: high school dropouts (<12 years of education), high school graduates

(12), persons with some college (13-15), and college graduates (16+).

Immigrant cohorts Based on the available information of year of immigration for the

different censuses, we group immigrant cohorts into six groups as: pre-1960, 1960–69,

1970–79, 1980–1989, 1990–1999, and 2000–09.

Years since migration Years in the United States are constructed subtracting the raw

year of immigration available in the census to the census date. When this variable is

reported in intervals, we use the last year of the interval.

Region of birth We consider five regions of birth for immigrants: Mexico; Other Latin

America (Caribbean, Central America, and South America); Western Countries (Western
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Europe, Israel, Australia, New Zealand, and Canada); South East Asia (China, Hong Kong,

Macau, Taiwan, Singapore, Korea, Japan, and the Philippines); and the rest of the world.

Appendix B: Derivation of the Elasticities of Substitution

B1. Elasticity of Substitution between Natives and Immigrants, (15)

Let It and Nt denote the stock of immigrants and natives in the economy and define the

share of immigrants as mt ≡ It
Nt+It

. The relative supply of general versus specific skills

is then given by Gt
St

= 1+It/Nt
1+s̄It/Nt

where s̄ ≡ St/h̄−Nt
It

denotes the average specific skills of

immigrants and h̄ ≡ Gt
Nt+It

the average skill index in the economy. The elasticity of sub-

stitution between natives and immigrants is defined as εNI ≡ d ln(Nt/It)/d lnMRTSIN ,

where MRTSIN is the marginal rate of technical substitution between immigrants and

natives. In equilibrium, the MRTSIN is equal to the relative wages between immigrants

and natives, given by (6). Evaluated at s̄ and h̄, log-differentiating MRTSIN yields:

d lnMRTSIN =
s̄ 1
σ

(
Gt
St

) 1−σ
σ
d ln

(
Gt
St

)
1 + s̄

(
Gt
St

) 1
σ

−
1
σ

(
Gt
St

) 1−σ
σ
d ln

(
Gt
St

)
1 +

(
Gt
St

) 1
σ

=
(s̄− 1)

(
Gt
St

) 1−σ
σ
d ln

(
Gt
St

)
σ

[
1 +

(
Gt
St

) 1
σ

] [
1 + s̄

(
Gt
St

) 1
σ

] .
(B1)

To derive an expression for d ln(Nt/It), first note that:

d ln

(
Gt

St

)
= d ln

(
1 + It

Nt

1 + s̄ It
Nt

)
=

d It
Nt

1 + It
Nt

−
s̄d It

Nt

1 + s̄ It
Nt

= −
(

It
Nt + It

− s̄It
Nt + s̄It

)
d ln

(
Nt

It

)
,

(B2)

where the last result uses d ln
(
Nt
It

)
= −d It

Nt
/ It
Nt

. Substituting (B2) into the expression for

εNI , re-writing all instances of Gt/St in terms of mt and s̄, and rearranging gives (15). �

B2. Elasticity of Substitution across Immigrant Groups, (16)

Let Iit for i = 1, 2, 3 denote the stock of immigrants in groups 1 and 2, for which

the elasticity of substitution is to be estimated, and 3, which includes all remaining

immigrants. Define s̄1, s̄2, and s̄3 implicitly as St = h̄(Nt+s̄1I1t+s̄2I2t+s̄3I3t). Evaluating

the marginal rate of technical substitution at s̄1, s̄2 and h̄, and log-differentiating it with

respect to the change in the supplies of these two groups gives:

d lnMRTS21 =
s̄2

1
σ

(
Gt
St

) 1−σ
σ
d ln
(
Gt
St

)
1+s̄2

(
Gt
St

) 1
σ

−
s̄1

1
σ

(
Gt
St

) 1−σ
σ
d ln
(
Gt
St

)
1+s̄1

(
Gt
St

) 1
σ

=
(s̄2−s̄1)

(
Gt
St

) 1−σ
σ
d ln
(
Gt
St

)
σ

[
1+s̄1

(
Gt
St

) 1
σ

][
1+s̄2

(
Gt
St

) 1
σ

] .

In this case, the elasticity of substitution is defined as ε12 ≡ d ln(I1t/I2t)/d lnMRTS21,

which we evaluate holding constant the total population. Define mit ≡ Iit
Nt

. The change
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in the relative supplies of skills d ln (Gt/St) is given by:

d ln

(
Gt

St

)
= d ln

Nt + I1t + I2t + I3t

Nt + s̄1I1t + s̄2I2t + s̄3I3t

=
dI1t + dI2t

Nt + It
− s̄1dI1t + s̄2dI2t

Nt + s̄It

= −
[
m1t −

s̄1m1t

1 + s̄mt

]
d ln

(
I1t

I2t

)
+

(
m1t +m2t −

s̄1m1t + s̄2m2t

1 + (s̄− 1)mt

)
d ln I2t.

Focusing on the case in which ln
(
I1t
I2t

)
changes because of a change in I1t alone (i.e., the

case in which d ln I2t = 0), inserting this identity into the expression for ε12 and re-writing

all instances of (Gt/St) in terms of mt, s̄, m1t and s̄1 yields (16) upon rearrangement. �

Appendix C: Additional Tables and Figures

Table C1—Additional Descriptives (Natives and Immigrants)

Census year:

1970 1980 1990 2000 2010

Immigrant share (%) 3.6 4.9 7.6 12.1 15.7

Cohort size (millions):

Natives 31.8 37.8 45.3 49.4 49.3
Immigrants 1.1 1.8 3.4 6.0 7.7

Age:

Natives 42.8 41.4 40.5 42.1 43.6
Immigrants 44.0 42.2 41.3 41.6 43.4

Hourly wage:

Natives 21.5 22.2 21.1 22.4 21.3
Immigrants 21.5 21.4 19.2 19.6 17.8

HS dropouts (%):

Natives 39.5 22.9 10.9 7.1 5.1
Immigrants 48.5 40.5 30.6 29.3 27.4

HS graduates (%):

Natives 33.4 36.3 32.4 38.8 35.5
Immigrants 20.7 20.9 21.6 26.7 27.1

Some college (%):

Natives 11.6 17.4 28.9 23.7 25.5
Immigrants 10.9 12.1 18.3 13.3 13.2

College graduates (%):

Natives 15.4 23.4 27.8 30.5 33.9
Immigrants 19.8 26.6 29.4 30.7 32.3

Note: The statistics are based on the sample of male immigrants aged 25-64 reporting positive income (not living
in group quarters) in the United States from the Census 1970, 1980, 1990, 2000, and the pooled ACS 2009-2011
(indicated as 2010). Observations are weighted by the personal weights obtained from IPUMS, rescaled by annual
hours worked.
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