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ABSTRACT

In this study, we analyze the impact of immigrant and native peers’ ability on immigrant

and native workers’ wages, using rich matched employer-employee data on the Portuguese la-

bor market. We employ an estimation strategy that circumvents problems of endogeneity and

show that, when both worker and peer are natives or immigrants, a one standard deviation in-

crease in the average quality of peers increases wages by 2.21% or 1.18%, respectively. We

also find that these peer effects account for 4.47% of the immigrant wage gap, while the es-

tablishment/occupation/year component explains 52.30%, and the worker component explains

43.23% of the wage differential.
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WHAT LIES BEHIND THE IMMIGRANT WAGE GAP:
THE ROLE OF LABOR MARKET SORTING AND PEER EFFECTS

I INTRODUCTION

Portugal has historically been a country characterized by emigration, with large numbers of

its citizens seeking opportunities abroad. However, since the end of the Portuguese Colonial

War in 1974, the number of immigrants in Portugal steadily increased over the years. This rapid

growth of the immigrant population in Portugal raises important questions about their economic

performance and impact in the labor market. In this way, this study aims to assess what accounts

(and how much) for the difference between the wages of natives and immigrants.

Differences in peer quality can potentially play an important role in explaining the immi-

grant wage gap by shaping the learning environment, opportunities for assimilation, and transfer

of skills in the workplace.1 Therefore, besides accounting for differences in workers’ ability and

their allocation to different establishments and occupations over time, this study also considers

the impact of peers’ quality on wages and their influence in the immigrant wage gap.

The core contribution of this study consists in incorporating the methodology of ARCIDIA-

CONO et al. (2012) into the canonical model of ABOWD, KRAMARZ, and MARGOLIS (1999)

(AKM Model), and then extend it by allowing for both heterogeneity in the response to peers

and heterogeneity in the influence of peers based on nationality, i.e., the impact of immigrant

(native) peers’ ability on native (immigrant) workers’ wages. We then use the method devel-

oped by GELBACH (2016) to assess the contribution of each component in explaining this wage

differential. To the best of our knowledge, this is the first application of such an estimation strat-

egy, enabling us to assess the impact of peers’ quality on wages, while distinguishing between

workers and peers based on their immigrant or native status.

Our results provide evidence that the impact of peers’ average ability is greater when both

the worker and peer belong to the same nationality-specific group (either native or immigrant)

1. In this study, ”peer” and ”coworker” are terms used synonymously.
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compared to when they differ in nationality status. We also observe that these human capital

spillovers have a modest impact on the immigrant wage gap (4.47%), when compared to the

worker component (43.23%) and the establishment/occupation/year component (52.30%).

This study is structured as follows. Section II presents the main literature on the immigrant

wage gap and potential factors over the years. Section III describes the data set and concepts

used, and Section IV provides a brief exploratory analysis of the key characteristics distinguish-

ing immigrants from natives. Section V outlines the estimation strategy, and Section VI presents

the empirical results obtained. Finally, Section VII concludes.

II LITERATURE REVIEW

While the field of labor economics that studies wage differentials between distinct groups (e.g.,

by gender or ethnicity) usually resorts to traditional discrimination theories (see BECKER 1957,

PHELPS 1972, and ARROW 1971, e.g.), the immigrant wage gap is often analyzed through the

perspective of assimilation pioneered by CHISWICK (1978). Its objective is to understand how

the immigrant wage gap evolves over time and which factors are most important in this process.

Several experiments were conducted to investigate which aspects are involved in the economic

assimilation mechanism. These studies focus on dimensions such as the country where an in-

dividual’s human capital was acquired (FRIEDBERG 2000), the fluency in the local language

(CHISWICK and MILLER 2015; AYDEMIR and SKUTERUD 2005), or where the worker’s train-

ing and experience were obtained (COHEN-GOLDNER and ECKSTEIN 2002).

However, the economic literature addressing the immigrant wage gap in the Portuguese la-

bor market is relatively scarce. The work by CARNEIRO, FORTUNA, and VAREJÃO (2012)

suggested that immigrants are often offered lower wages due to the lack of match-specific hu-

man capital and occupational downgrading, with these two factors explaining two-thirds of

the gap. Another study by CABRAL and DUARTE (2013), using the Gelbach decomposition
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method, obtained that the returns from education are lower for immigrants than for natives at all

levels of education, and that foreign work experience is less valuable than experience acquired

in Portugal, which aligns with the conclusions on imperfect transferability of human capital

across borders presented by FRIEDBERG (2000). Using the AKM Model, thus controlling for

both individual and firm fixed effects, DE MATOS (2016) examined the role of job mobility,

and concluded that around 30% of the wage convergence between immigrants and natives can

be attributed to immigrants moving to firms offering higher wage premiums.

Regarding on-the-job interactions, differences in peer quality can play an important role

in explaining the immigrant wage gap by shaping the learning environment, opportunities for

assimilation, and transfer of skills in the workplace. Although peer effects have already been

theorized several decades ago (see MARSHALL 1890 and LUCAS 1988, e.g.), the empirical

literature is scant. Some of theses studies were conducted in environments with specific char-

acteristics or considered only one firm or occupation. For example, FALK and ICHINO (2006)

resorted to a controlled field experiment to conclude that workers’ productivity increased when

they worked alongside more productive co-workers. Similarly, MAS and MORETTI (2009) used

information from a large supermarket chain and found positive peer effects arising from social

pressure.2

More recently, empirical research started to use larger and more representative data sets

to assess peer effects. A selection of this research focus on the contemporaneous peer ef-

fects, i.e., the effects from peers within the same time period. For example, CORNELISSEN,

DUSTMANN, and SCHÖNBERG (2017) found only small peer effects, using data from Munich,

2. Other papers focusing one a single occupation include, for example, the work by GURYAN, KROFT, and
NOTOWIDIGDO (2009) that tested for peer effects among golf players in professional tournaments, but found
no evidence of these effects, and the work by LINDQUIST, SAUERMANN, and ZENOU (2015) that, using data
from call center workers, found evidence of strong network effects in peers’ productivity. In related studies,
KAUR, KREMER, and MULLAINATHAN (2010) exploited data from an Indian company and observed productivity
spillovers among workers, while CHAN, LI, and PIERCE (2014) observed data from a department store sales in
China.
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Germany. BATTISTI (2017), using data from Veneto, Italy, and PORTUGAL et al. (2022), using

data from Portugal, identified that a 10% increase in peer quality was associated to a 3.6% and

2.0% wage premium, respectively.3 On the other hand, JAROSCH, OBERFIELD, and ROSSI-

HANSBERG (2021) and HONG and LATTANZIO (2022), also using data from Germany and

Italy, respectively, analyzed the dynamics of peer effects, i.e., how the magnitude of these ef-

fects evolve over time. Both papers found positive peer effects, although, while HONG and

LATTANZIO (2022) argued that they erode over time, JAROSCH, OBERFIELD, and ROSSI-

HANSBERG (2021) claimed that they actually increase. Several of these studies performed

heterogeneity analyzes to try to assess the relative importance of different characteristics that

could be driving the results. In this regard, the findings suggested that there were stronger peer

effects for younger and low-ability workers (CORNELISSEN, DUSTMANN, and SCHÖNBERG

2017; HONG and LATTANZIO 2022). Finally, literature on the relation between spillover ef-

fects and wage differentials is still very scarce, with BATTISTI (2017) noting that 12% of the

gender wage gap and 10% of the immigrant wage gap can be explained by differences in peer

characteristics.

III DATA

III.A Source

This study uses data from Quadros de Pessoal (QP), a longitudinal data set with information

collected by the Portuguese Ministry of Labor, that matches workers, establishments, and firms

based in Portugal. The administrative data is collected annually in a reference month (October)

through a mandatory employment survey for all firms in Portugal with at least one wage earner,

with the exception of civil servants, self-employed individuals, and household employees. It

3. CORNELISSEN, DUSTMANN, and SCHÖNBERG (2017) estimated an increase of 1.5% and 0.1% in wages in
the most similar regressions to the ones defined by BATTISTI (2017) and PORTUGAL et al. (2022), respectively.
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presents unique advantages that go along with the objective of this study. First, it comprises

detailed data on several characteristics of the worker (e.g, age, gender, nationality, education,

occupation, earnings, hours worked, tenure, type of contract, etc.) and of the firm (e.g., lo-

cation, economic activity, sales, etc.). Second, information on worker’s earnings is also very

complete, including the base wage, regular and non-regular benefits, and overtime payment.

Furthermore, the identification number of workers, establishments, and firms allows us to trace

them throughout the years in the sample, creating the conditions to apply high-dimensional

fixed effects regression models.

III.B Sample Selection

Although this survey data started to be collected in 1985, it was only in 2000 that QP started

to include information regarding the worker’s nationality. However, since there is no data for

2001, we only use data referring the period between 2002 and 2022. We also restrict the sample

to full-time workers between the age of 18 and 65, working at least 120 hours per month, report-

ing a job tenure between 0 and 50 years, and that were receiving a base wage of at least 80%

of the minimum legal wage in Portugal.4 We also exclude workers in sectors and industries

that normally provide services to other firms through outsourcing (e.g., cleaning, security, or

financial services), so that we guarantee that workers effectively share the same physical work-

place when forming peer groups. Finally, any individual with missing values on the variables

included in the regression analysis between 2002 and 2022 is not included.

Our sample is also restricted by the definition of peer group, which is similar to the one

defined in PORTUGAL et al. (2022). It is limited to workers that, in a given year, have a common

occupation code and work in the same establishment.5 Regarding the size of the peer groups,

4. According to the Portuguese Labor Code, Article 275, paragraph 1, clause (a), the monthly wage can be 80%
of the national minimum wage if the worker is an apprentice or an intern.

5. In their study, PORTUGAL et al. (2022) use a stricter definition of peer group, using job-title instead of
occupation.
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since the objective of this work is to estimate the effect of native and immigrant peers’ quality

on native and immigrant workers’ wages, these are restricted to those groups that contain at

least two natives and two immigrants, such that each native or immigrant worker has at least

one native peer and one immigrant peer. We also restrict peer group size to a maximum of

30 workers to ensure that workers within each group actually engage with each other. Lastly,

to guarantee the comparability between fixed affects and to apply the high-dimensional fixed

effects model, the final dataset corresponds to a subset of peer groups connected by worker

mobility, i.e., the largest connected set, as suggested by ABOWD, CREECY, and KRAMARZ

(2002). This last data set covers 83.78% of the observations from our working data set.

Overall, the largest connected set is composed by 1,012,748 observations on 461,694 work-

ers (67.24% natives, and 32.76% immigrants), 76,289 establishments/year, and 3,642 occupa-

tions/year. This is reflected in 89,149 peer groups, with an average of 11.36 workers per group

(Table A.1 in the Appendix).

III.C Concepts and Wage Setting in Portugal

In the context of this study, as mentioned in the previous subsection, a peer group is defined

as all the workers that, in a given year, share the same physical workplace and possess the

same occupation. In QP, a worker is considered a wage earner identified through a unique

identification code, which is the same every year that the worker is part of the observations.

The physical workplace is identified through a unique establishment identification code. While

a firm refers to the legal entity, a establishment refers to the physical workplace, meaning that

each firm code can be associated with more than one establishment code, but each establishment

code can only be associated with one firm code. Finally, the occupation of each worker is

defined as the professional category of the National Classification of Professions (Classificação

Nacional de Profissões), where each category corresponds to a unique four-digit code. In terms
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of immigrant status, it is important to mention that we consider an immigrant as someone that

does not have Portuguese nationality. Due to the lack of information regarding a worker’s

place of birth, there might exist workers identified as immigrants that have already been born in

Portugal.

We identify peer effects using wages as our outcome variable, in parallel with other studies.

As reported by many authors, the Portuguese labor market is an extreme example of downward

wage rigidity (ELSBY and SOLON 2019; BEHR and PÖTTER 2009; HOLDEN and WULFSBERG

2008). For example, CARNEIRO, PORTUGAL, and VAREJÃO (2013) showed that, between

the years of 1987 and 2009, there were virtually no cuts in nominal wages in Portugal, and

CABRAL and DUARTE (2014) verified that nationality does not substantially influence this wage

rigidity. In fact, the Portuguese Labor Code explicitly forbids nominal wage cuts, except for

particular cases provided in the law or in collective bargaining agreements.6 This institutional

framework in Portugal can negatively affect the mechanism through which workers’ wages

internalize the spillover effects from their peers (peer quality). In that respect, we use a more

flexible definition of wage, by including all the available components for earnings in QP, so

that we can capture productivity changes also through these additional components in the total

wage, and then divide that by the number of hours worked.7 Finally, we use real wages to

account for adjustments resulting from changes in the inflation rate.

IV EXPLORATORY ANALYSIS

Traditionally, Portugal has been a country of large emigration flows, especially due to work-

related reasons and to regions such as Continental Europe and the Americas (particularly to

France and Brazil). It was only after the 1974 Carnation Revolution and, consequently, the end

6. See the Portuguese Labor Code, Article 129, paragraph 1, clause (d).
7. As mentioned in Section III.A, this includes the base wage, regular and non-regular benefits, and overtime

payments.
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of the Portuguese Colonial War, that the traditional emigrant flows from Portugal started to be

counterbalanced by very large immigration flows into Portugal.8

Since the beginning of the 1980s, the stock of immigrants in Portugal has been steadily

increasing (Figure 1), reflecting the process where Portugal is shifting into a destination coun-

try for international migrants. For example, in 2023 the number of immigrants in Portugal

(around 1,040,000) was 2.36 times higher than in 2010, and 5.03 times higher than in 2000.

Although, the composition of these flows is not constant. In the beginning, immigrants arriving

into Portugal were coming in large part from Portuguese-speaking regions (mainly countries in

Africa, and Brazil). More recently, these flows arrive from different countries such as Ukraine,

Moldova, China, India, and Pakistan.

FIGURE 1. FOREIGN POPULATION WITH LEGAL STATUS OF RESIDENCE
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Notes: The figure plots the stock of foreign population with legal status of residence in Portugal
between 1980 and 2023. It does not include regular foreigners under the granting of stay permits,
short-term visas, study, work or temporary stay visas, as well as irregular foreigners.
Source: Statistics Portugal, 1980-2023.

Table A.2 in the Appendix presents descriptive statistics of the largest connected set used

in our estimations, covering mean statistics for both natives and immigrants in terms of hourly

8. See, e.g., CARRINGTON and DE LIMA (1996) and BOHNET, PERALTA, and SANTOS (2024) for a detailed
analysis of the retornados influx into Portugal after the end of the Portuguese Colonial War in 1974 and its conse-
quences to the Portuguese labor market.
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total wage, minimum wage earners, gender, age, tenure, schooling, and sector of activity.

Regarding hourly real wage, not controlling for any factor, immigrants in Portugal receive,

on average, a lower real wage per hour than natives in the referring period, with the gap being

equal to -6.94 log points (times 100). This is consistent with the percentage of workers receiving

the minimum wage, accounting for 2.34% of natives and 4.38% of immigrants.

With respect to gender, the percentage of female workers among natives is also higher than

among immigrants (41.61% and 38.05%, respectively).

Although presenting just a residual difference, in what concerns the workers’ age, immi-

grants are, on average, younger than natives.

As to tenure, since this tendency of high immigration flows is relatively recent, the number

of years of experience of immigrant workers is, on average, substantially lower than that of

native workers. While native workers present an average of 6.05 years of experience, immigrant

workers have an average of 2.96 years in the period under analysis.

Regarding schooling, the number of years of education is, on average, almost the same for

both natives and immigrants.

Finally, in terms of main sectors of activity, immigrants are concentrated in a few number

of industries, mainly hotels and restaurants (31.26%), construction (20.97%), and wholesale

and retail trade (11.67%). These three sectors account for 63.90% of the sample of immigrants

(compared to 55.34% for natives).

V ESTIMATION STRATEGY

The goal of this thesis is to quantify the impact of peers’ ability, distinguishing workers and

peers by their immigrant status, on wages, and estimate their contribution, along with labor

market sorting, in the immigrant wage gap. In this setting, the estimation strategy of this study is

based on the methodological approach applied by ABOWD, KRAMARZ, and MARGOLIS (1999)
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and ARCIDIACONO et al. (2012) to estimate the effect of labor market sorting and of peers, and

on the GELBACH (2016) conditional decomposition method to decompose the change of the

immigrant wage gap between these components.

V.A Base-Specification Regression Model

The first step of the estimation strategy of this study is to estimate a basic OLS regression to

assess the impact of the worker’s nationality in the hourly real wages. This first regression

includes a set of observed control variables related to workers’ individual characteristics, and

year fixed effects to control for variables that are constant across all workers but vary over time

(e.g., inflation). In this setting, the base-specification regression has the following form:

ωit = X ′
it β

base + γbase Immigi + τ baset + εit (1)

where ωit is the logarithm of the real wage per hour for worker i (i ∈ {1, ..., N}) at year t

(t ∈ {1, ..., T}); Immigi is a dummy variable equal to 1 when worker i is an immigrant or 0

when worker i is a native; X ′
it is a set containing other observed workers’ individual character-

istics;9 τt is the year fixed effect; and εit is the stochastic error term that is assumed to follow

the conventional assumptions, such as strict exogeneity. The results from regression (1) are

presented in Table 1.

V.B Full-Specification Regression Model

The estimation of peer effects raises a number of challenges that are already well known in the

literature. These problems are (i) the reflection problem, (ii) sorting and homophily, and (iii)

the existence of unobserved correlated shocks.

First, the reflection problem, introduced by MANSKI (1993), arises when one tries to assess

9. In more detail, this set includes the variables age, age squared, tenure, tenure squared, gender and schooling.
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if the average behavior of a group is influencing the behavior of its individual members. For

example, imagine the following specification: yig = α+ β yg + ξig, where i corresponds to the

worker in peer group g; yig corresponds, for example, to the wage of worker i in peer group g;

yg corresponds to the average wage of peer group g; and ξig is the respective error term. The

objective of this regression would be to estimate the peer effect through coefficient β. However,

regressing an individual outcome on a group mean outcome will always lead to a coefficient of

one.10 To circumvent the reflection problem, we adopt the framework developed by ARCIDI-

ACONO et al. (2012) to estimate peer effects. The authors’ strategy consists in including the

average fixed effect of peers computed through a linear combination of individual fixed effects

as a covariate in the regression, whose coefficient reflects the impact of peers’ quality within

the group.

Second, the concern of sorting corresponds to the non-random allocation of workers across

establishments, occupations, or peer groups, while homophily is the tendency of workers within

these groups to display similar behaviors and outcomes due to shared characteristics and envi-

ronments (and not because of their social interactions). In order to prevent these two obstacles,

our study extends the canonical AKM model, incorporating a set of fixed effects. To account

for the possible non-random sorting of high-ability workers into high-ability peer groups we

include worker fixed effects, which also avoids the problem of homophily. Additionally, we

introduce establishment/occupation fixed effects, a multi-dimensional effect that allows us to

control for the potential sorting of high-ability workers into establishments, occupations, or

combinations establishment/occupation offering higher wages.

Third, the issue of unobserved correlated shocks is associated with the possible correlation

between changes in unobserved background characteristics at the peer group level (i.e., at the

establishment/occupation level) and changes in the quality of peers. If these unobserved back-

10. See ANGRIST (2014) for the discussion of the OLS properties of regression used in this example.
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ground characteristics alter at the peer group/time level, and consequently change peer quality

between two consecutive periods, the estimator of peer effects will be biased. In HONG and

LATTANZIO (2022), a case is presented where a firm decides to implement an automation pro-

cess that complements white-collar workers but substitutes blue-collar workers. If we assume

that white-collar workers are more skilled, this investment would lead to an increase of peer

quality and productivity (and, consequently, wages) at the same time, leading to a positive bias

of the peer effect estimator. Having this in mind, so as to account for time-variant unobserved

background characteristics, we expand the previous establishment/occupation fixed effect to

include the time (year) effect. Nevertheless, by including establishment/occupation/year fixed

effects, the identification of peer effects can only be done through changes in peer group sizes.11

In the end, although we have now only one way to identify peer effects, done trough changes in

the peer group size, we are able to take into account the effect of changes in wage frameworks

in each firm and across different establishments of the same firm over time, the effect in each

occupation over time, and the interaction between effects of establishment, occupation and year.

As mentioned before, this study incorporates the methodology of ARCIDIACONO et al.

(2012). We then extend it by allowing for both heterogeneity in the response to peers and

heterogeneity in the influence of peers. In other words, we allow for the peer effect to be differ-

entiated into four types of worker/co-worker relations in the workplace concerning nationality:

(i) the effect of native peers on native workers; (ii) the effect of immigrant peers on native work-

ers; (iii) the effect of native peers on immigrant workers; and (iv) the effect of immigrant peers

11. See the discussion, e.g., in CORNELISSEN, DUSTMANN, and SCHÖNBERG (2017) and PORTUGAL et al.
(2022). More precisely, the average fixed effect of a certain peer group can de described as the difference between
two components: the ratio between the sum of the fixed effect of peers in the group and the number of peers, and
the ratio between the worker fixed effect and the number of peers in the group. If the number of peers in the group
stays constant over time, the first component will be fully captured by the establishment/occupation/year fixed
effect (i.e., peer group level fixed effect), while the second will be fully captured by the worker fixed effect.
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on immigrant workers. Then, our full-specification model can be described as:

ωit = X ′
it β

full + γfull Immigi + αi + δ1 α
NN
−it + δ2 α

NI
−it + δ3 α

IN
−it + δ4 α

II
−it + πeot + ϵit (2)

where αi is the worker fixed effect; αNN
−it is the average of the fixed effects for the native co-

workers of the native worker i at time t; αNI
−it is the average of the fixed effects for the immigrant

co-workers of native worker i at time t; αIN
−it is the average of the fixed effects for the native co-

workers of the immigrant worker i at time t; αII
−it is the average of the fixed effects for the immi-

grant co-workers of the immigrant worker i at time t; πeot is the establishment/occupation/year

fixed effect; and ϵit is the error term. In more detail, the average fixed effects just mentioned are

estimated as it follows:

αNN
−it =

∑
j∈MN

gt
(αj)− αi

|MN
gt|−1

, i ∈ MN
gt ; αNI

−it =

∑
j∈MI

gt
αj

|MI
gt|

, i /∈ MI
gt

αIN
−it =

∑
j∈MN

gt
αj

|MN
gt|

, i /∈ MN
gt ; αII

−it =

∑
j∈MI

gt
(αj)− αi

|MI
gt|−1

, i ∈ MI
gt

for i ∈Mgt ; and MN
gt, MI

gt ⊂Mgt

where Mgt is the set of individuals in peer group g at time t; MN
gt is the subset of native individ-

uals in peer group g at time t; MI
gt is the subset of immigrant individuals in peer group g at time

t;
∑

j∈MN
gt
(αj)−αi and

∑
j∈MI

gt
(αj)−αi correspond to the sum of the individual fixed effects of

all workers j belonging to the subgroup of natives and immigrants, respectively, of peer group

g at time t minus the individual fixed effect of worker i belonging to that same subgroup.12 The

results from regression (2) are presented in Table 2, Column (2).

In order to estimate this model, we use an iterative approach that consists in alternating

between the estimation of the individual fixed effects and the coefficient associated with the

peer effect, such that these estimates converge to an imposed criterion of precision.13 It is also

12. |−| corresponds to the number of individuals in the corresponding subset.
13. This iterative process is applied using the regpeer ado-file developed by PORTUGAL et al. (2022).
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important to note that, when adding the individual worker fixed effects, the OLS estimation

does not imply that time-invariant variables related to the worker (such as nationality or gender)

are fully absorbed by the fixed effect, since it is no longer necessary for the fixed effect to be

orthogonal to the error term.14 Although, this makes the coefficient of these variables more

difficult to interpret, since we are not able to separate the individual effect from the average

effect.

V.C Decomposition of the Immigrant Wage Gap

In the last step of our estimation strategy we apply the conditional decomposition method devel-

oped by GELBACH (2016). The method uses the OLS basic formulation for the issue of omitted

variables bias to assess how much of the change in the coefficient of interest from a base- to

a full-specification model is attributed to a set of additional controls added when moving from

the restricted to the unrestricted specification.

In our particular case, we use the Gelbach’s decomposition method to identify how much

of the difference between the coefficient of nationality in the base-specification model (1) and

the coefficient of nationality in the full-specification model (2) is attributed to each of the ad-

ditional fixed effect added in the full model, i.e., the worker fixed effects (αi), the establish-

ment/occupation/year fixed effects (πeot), and each variable of the human capital spillovers

(αNN
−it , αNI

−it, α
IN
−it, α

II
−it).

This method relies on a set of auxiliary regressions that regress each of the decomposition

components on the control variables used in the base-specification model. In the case of this

study, each auxiliary regression uses the estimated fixed effects that were just described and that

were estimated in the full-regression model as the dependent variable, and the variables used

in the base-specification model (nationality, other workers’ individual characteristics, and year

14. See the discussion in PORTUGAL et al. (2022).
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fixed effects) as explanatory variables. The general specification of this auxiliary regression can

be written as follows:

Ŷ = X ′
it β

Y + ϕY Immigi + τYt + υY
it (3)

where Ŷ ∈ {α̂i, α̂
NN

−it , α̂
NI

−it, α̂
IN

−it, α̂
II

−it, π̂eot}.

Then, it is possible to assess how each of the fixed effects affect the difference between γ̂base

and γ̂full by using the estimated coefficients ϕ̂ from each auxiliary regression (3) and the fixed

effects estimations from the full-specification model (2):

γ̂base − γ̂full = ϕ̂ α + ϕ̂ π + δ̂1ϕ̂
αNN

+ δ̂2ϕ̂
αNI

+ δ̂3ϕ̂
αIN

+ δ̂4ϕ̂
αII

(4)

Each component describes how much of the change in the immigrant wage gap is explained by

the respective fixed effect, which does not depend on the order in which covariates are added

to the regression. The results from the Gelbach’s conditional decomposition are presented in

Table 3, Columns (3)-(8).

The establishment/occupation/year fixed effect can be further decomposed to estimate the

individual contributions of establishments and occupations over time. Following the approach

of PORTUGAL et al. (2022), we assume that establishment and occupation effects are orthogonal

to their interactions with time. Accordingly, we perform a linear regression of the fitted values

of the establishment/occupation/year fixed effect on establishment/year and occupation/year

fixed effects, controlling for the same variables included in the base specification model. This

approach yields estimates for the individual contributions of establishments and occupations

over time, with the residual component capturing the interactions between establishments, oc-

cupations, and time. The results are presented in Table 3, Columns (10)-(12).
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VI EMPIRICAL RESULTS

VI.A Base-Specification Analysis

As noted in Section IV, the difference in the logarithm of hourly real wages between immigrants

and natives, without controlling for any other characteristic, is -6.94 log points. By observing

its distribution for natives and immigrants (Figure 2), it is noticeable that the distribution for

immigrant workers is slightly to the left of the natives’ distribution.

FIGURE 2. HISTOGRAM OF THE DISTRIBUTION OF HOURLY REAL WAGES FOR NATIVES

AND IMMIGRANTS
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Native

Notes: The figure plots the histogram of the logarithm of hourly real wages, trimmed between the
values of -0.5 and 2.
Source: Quadros de Pessoal, 2002-2022.

In order to disentangle the immigrant wage gap into the different components, we first have

to define a base regression, where this gap is controlled for several observable characteristics of

the worker, as detailed in Section V.A. As such, we start by estimating the regression specified

in (1), reporting the results for all parameters in Table 1.

As expected, the coefficient associated with the immigrant status, when controlling for other

individual characteristics, is negative, i.e., on average, an immigrant worker receives 5.53%

(5.70 log points) less than a native worker. Also, in this estimation, wages increase at a decreas-
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ing rate for both age and tenure. For age and tenure, the maximum is reached at around 49 and

46 years, respectively. In Portugal, the gender wage gap is estimated to be 25.06% (22.36 log

points) during this period. Finally, each additional year of education increases wages by around

4.57% (4.46 log points).

TABLE 1. BASE-SPECIFICATION MODEL ESTIMATES

Base
Specification

Age 0.0264
(0.0004)

Age Squared -0.0003
(0.0000)

Tenure 0.0161
(0.0002)

Tenure Squared -0.0002
(0.0000)

Gender (Male=1) 0.2236
(0.0015)

Schooling 0.0446
(0.0003)

Nationality (Immigrant=1) -0.0569
(0.0016)

Year Effects (τt)

Observations 1,012,748
R-Squared 0.1925

Notes: The table reports the estimates for the base-specifications model in regression (1). The de-
pendent variable is the logarithm of hourly real wages. The variables of age, tenure and schooling
are measured in years. Standard errors are in parentheses and clustered at the worker level.
Source: Quadros de Pessoal, 2002-2022.

VI.B Full-Specification Analysis

We now present the estimates of the full-specification model that, as explained in Section V.B,

includes establishment/occupation/year fixed effects and the average fixed effects of immi-

grant/native peers for immigrant/native workers, in line with the iterative procedure introduced

by ARCIDIACONO et al. (2012). The results from regression (2) are reported in Table 2, Column

(2).
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The distribution of worker and establishment/occupation/year fixed effects highlights the

differences between immigrants and natives (Figure 3). The distribution for natives is broader,

with a higher density at higher values compared to immigrants. A similar pattern is evident in

the distribution of peer group fixed effects.

FIGURE 3. HISTOGRAM OF WORKER AND PEER GROUP FIXED EFFECTS
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Notes: The figures plot the histograms of worker and peer group (establishment/occupation/year)
fixed effects. The figure is trimmed between the values of -1 and 1.
Source: Quadros de Pessoal, 2002-2022.

As previously stated, the interpretation of coefficients of time-invariant variables in the

model developed by ARCIDIACONO et al. (2012) is more complex, since it is not possible

to separate the individual and the average effects. One possible interpretation of the coefficient

associated to the immigrant status is that, in the absence of spillovers, on average, the wage

of an immigrant is 0.22% lower than that of a native, taking already into consideration worker

heterogeneity and labor market sorting.

Regarding time-variant variables, as in the base-specification model, wages increase at a

decreasing rate for age and tenure, with their maximums being reach at 53 and 19 years, respec-

tively.

Concerning the effects of human capital spillovers, we report the estimates for the effect

of average peer quality, computed as the average worker fixed effect of coworkers in the peer

group. One of the core contributions of this study is the quantification of this effect while allow-
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ing for heterogeneous responses (native vs. immigrant workers) and heterogeneous influences

(native vs. immigrant coworkers). The distribution of the estimated values for the human capital

spillovers are illustrated in Figure A.1 in the Appendix.

We obtain that, when both worker and peer are natives, a 10% increase in the average peer

quality increases wages by 0.94%, on average, ceteris paribus. In other words, a one standard

deviation increase in the measure of human capital spillovers of native peers on native workers

(0.2341), leads to wage increase of around 2.21%.15 On the opposite, when both worker and

peer are immigrants, we have that a 10% increase in the average peer quality increases wages

by 0.79%, or, to put it differently, a one standard deviation increase in the human capital of

immigrant peers on immigrant workers (0.1493) results in an increase on the wage of these

workers of around 1.18%.

When looking to heterogeneous relations in the workplace, i.e., native (immigrant) workers

and immigrant (native) peers within each group, the results differ. In the case where there is

a native worker and an immigrant peer in the same group, a 10% increase of the immigrant

peers’ quality leads to a decrease in natives’ wages by 0.49%. In the same way, a one standard

deviation increase (0.2293) results in a decrease of natives’ wages by 1.12%. On the contrary,

when there is an immigrant worker and native peers, a 10% increase of the human capital of

native peers leads to an increase in immigrants’ wages by 0.41%, or an increase of one standard

deviation (0.1490) in this measure leads to an increase of immigrants’ wages of about 0.61%.

Nevertheless, it is important to notice that these last two effects are not statistically significant.

It can also be observed that when both the worker and their peers belong to the same

nationality-specific group (either native or immigrant), the impact of peers’ average ability is

greater than when the worker and peers differ in their immigrant status (δ̂1 > δ̂4 > δ̂3 > δ̂2).

15. Computed as (0.0943 x 0.2341). Table A.3 in the Appendix reports this and other relevant statistics of peer
quality, i.e., the fixed effects of each peer.
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TABLE 2. BASE- AND FULL-SPECIFICATION MODELS ESTIMATES

Base Full
Specification Specification

(1) (2)

Age 0.0264 0.0225
(0.0004) (0.0013)

Age Squared -0.0003 -0.0002
(0.0000) (0.0000)

Tenure 0.0161 0.0092
(0.0002) (0.0004)

Tenure Squared -0.0002 -0.0002
(0.0000) (0.0000)

Gender (Male=1) 0.2236 0.0331
(0.0015) (0.0324)

Schooling 0.0446 0.0009
(0.0003) (0.0004)

Nationality (Immigrant=1) -0.0569 -0.0022
(0.0016) (0.0026)

Effect on Native Worker:
- HC Spillovers of Native Co-Worker (αNN

−it ) - 0.0901
(0.0234)

- HC Spillovers of Immigrant Co-Worker (αNI
−it) - -0.0501

(0.0337)

Effect on Immigrant Worker:
- HC Spillovers of Native Co-Worker (αIN

−it) - 0.0404
(0.0329)

- HC Spillovers of Immigrant Co-Worker (αII
−it) - 0.0763

(0.0212)

Year Effects (τt)
Worker Effects (αi)
Establishment/Occupation/Year Effects (πeot)

Observations 1,012,748 1,012,748
R-Squared 0.1925 0.9440

Notes: The table reports the estimates for the base- and full-specifications models. The dependent
variable in each model is the logarithm of hourly real wages. The variables of age, tenure and
schooling are measured in years. Column (1) presents the regression estimates obtained from the
base-specification model (1). Column (2) presents the regression estimates obtained from the full-
specification model (2). Standard errors are in parentheses and, in Column (1), they are clustered
at the worker level, while in Column (2) they are clustered at the peer group level.
Source: Quadros de Pessoal, 2002-2022.
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This may highlight the significance of shared cultural backgrounds and experiences. Shared cul-

tural norms, values, and practices likely foster better communication and mutual understanding,

which in turn enhance collaboration and knowledge sharing within teams. Workers with similar

cultural backgrounds may also find it easier to coordinate efforts and develop stronger social

bonds, all of which may help for effective teamwork and productivity. Moreover, cultural fa-

miliarity could reduce friction that might arise from differences in work styles or behavioral

norms, enabling smoother interactions and a more cohesive work environment. However, it is

important to note that the immigrant group encompasses a wide range of nationalities, adding

considerable heterogeneity that could influence the magnitude of the effect.

VI.C Decomposition of the Immigrant Wage Gap

Finally, in order to understand the contribution of the worker, establishment/occupation/year,

and peer quality components to the wage differential between immigrants and natives, we use

the decomposition method developed by GELBACH (2016). As discussed earlier, this method

allows to quantify the share of the variation attributed to each of components mentioned.

Table 3 presents the results of this decomposition. It indicates that the difference between

the immigrant wage gap in the base-specification model (-0.0569) and in the full-specification

model (-0.0022) can be decomposed in six components: the portion associated to the sorting

across different establishment/occupation combinations over time (-0.0286), the contribution

of the worker component (-0.0237), the human capital spillovers to native workers from native

(-0.0010) and immigrant (-0.0004) co-workers, and the human capital spillovers to immigrant

workers from native (0.0001) and immigrant (-0.0012) co-workers.

The component of establishment/occupation/year represents more than half of the wage

differential between immigrants and natives (52.30%). It reflects that immigrant workers are

sorted into establishments and occupations with lower wages. By further decomposing this
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effect, we can observe that immigrants are sorted into worse paying establishments (-0.0260),

and into worse paying occupations (-0.0019), with the first dominating the aggregated fixed

effect. The remaining contribution (-0.0007) is residual and attributed to the interaction between

the two effects. Similarly, the worker component also expresses a large portion of the immigrant

wage gap, around 43.23%. It can be interpreted as the wage gap of immigrants if workers are

randomly assigned into establishment, occupations, and peer groups.

Finally, the contribution of the different human capital spillovers specifications to the im-

migrant wage gap reveals that their combined impact is relatively minor, accounting for only

4.47% of the total gap. The individual contributions of these spillovers illustrate how the wage

gap would change if such effects were absent. For instance, eliminating the human capital

spillovers from native co-workers to native workers would reduce the immigrant wage gap by

0.1 percentage points. From another perspective, this specific spillover channel accounts for

1.88% of the immigrant wage gap. This could be attributed to the fact that the positive impact

of high-quality native peers on native workers amplifies the wage disparity by increasing native

workers’ earnings, thereby widening the gap between natives and immigrants. Similar findings

are observed for human capital spillovers from immigrant co-workers to immigrant workers

(-0.0012), which contribute 2.12% to the immigrant wage gap. However, removing this type

of spillover would widen the wage gap because higher-quality immigrant peers positively in-

fluence immigrants’ wages, and without this effect, immigrant wages would decrease, thereby

increasing the wage disparity between immigrants and natives. The remaining two specifica-

tions of human capital spillovers contribute only marginally to the immigrant wage gap.

VI.D Alternative Specifications

With the intention of testing different specifications of our full-estimation model, we undertake

three different exercises based on alternative levels of controls for heterogeneity, through differ-
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ent fixed effect specifications. The results from this exercise are presented in Table A.4 in the

Appendix, Columns (2)-(4). We observe that more aggregated fixed effects specifications yield

higher peer effects coefficients. In our view, this can largely be attributed to the looser con-

trol over sorting phenomena in these alternative specifications, and to different requirements of

parameter identification.

VII CONCLUSION

In this study, we analyzed the impact of immigrant and native peers’ ability on immigrant and

native workers’ wages. We used a matched employer-employee data set, and applied an estima-

tion strategy that is able to estimate peer effects while circumventing problems of endogeneity.

We found that when both worker and peer are natives or immigrants, a one standard devia-

tion increase in the average quality of peers increases wages by 2.21% or 1.18%, respectively.

On the other hand, when a one standard deviation increase in the average quality of immigrant

peers leads to a decrease of natives’ wages by 1.12%, while a one standard deviation increase in

the average quality of native peers leads to an increase of immigrants’ wages by 0.61%. These

last two effects, however, are not statistically significant.

Finally, we examine how these peer effects, combined with worker, establishment, occupa-

tion, and year components, contribute to the immigrant wage gap. We found that the establish-

ment/occupation/year component explains 52.30% of the wage differential between immigrants

and natives, meaning that immigrants are sorted into establishments and occupations offering

lower wages. Then, it is followed by the contribution of the worker component (43.23%), and

peer effects (4.47%).

Our results may reflect the importance of shared cultural backgrounds and experiences,

where common values and practices likely foster better communication and mutual understat-

ing, contributing to a better knowledge sharing and increases in productivity.
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CARNEIRO, ANABELA, PEDRO PORTUGAL, and JOSÉ VAREJÃO. 2013. “Catastrophic Job Destruction

During the Portuguese Economic Crisis.” Journal of Macroeconomics 39:444–457.

CARRINGTON, WILLIAM J., and PEDRO J. F. DE LIMA. 1996. “The Impact of 1970s Repatriates From

Africa on the Portuguese Labor Market.” ILR Review 49 (2): 330–347.

CHAN, TAT Y., JIA LI, and LAMAR PIERCE. 2014. “Compensation and Peer Effects in Competing Sales

Teams.” Management Science 60 (8): 1965–1984.

CHISWICK, BARRY R. 1978. “The Effect of Americanization on the Earnings of Foreign-born Men.”

Journal of Political Economy 86 (5): 897–921.

CHISWICK, BARRY R., and PAUL W. MILLER. 2015. International Migration and the Economics of

Language, 211–269.

COHEN-GOLDNER, SARIT, and ZVI ECKSTEIN. 2002. “Labor Mobility of Immigrants: Training, Ex-

perience, Language and Opportunities.” IZA Discussion Papers 159.

CORNELISSEN, THOMAS, CHRISTIAN DUSTMANN, and UTA SCHÖNBERG. 2017. “Peer Effects in the
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APPENDIX

TABLE A.1. SAMPLE STATISTICS

Number of observations after sample selection 1,208,816

- Number of connected observations 1,012,748

- Number of unconnected observations 196,068

- Ratio of connected observations 83.78%

Number of workers 461,694

- Share of native workers 67.24%

- Share of immigrant workers 32.76%

Number of establishments/year 76,289

Number of occupations/year 3,642

Number of peer groups 89,149

Average size of peer groups 11.36

Notes: The table reports sample statistics for the data set after sample selection, as explained in
Section III.B, and the largest connected set. The number of connected observations corresponds
to a subset of peer groups connected by worker mobility, i.e., the largest connected set. The ratio
of connected observations corresponds to the coverage of the largest connected set compared to
the number of observations after sample selection. The number of workers, peer groups, estab-
lishments/year, and occupations/year refer to the largest connected set.
Source: Quadros de Pessoal, 2002-2022.
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TABLE A.2. SUMMARY STATISTICS - AVERAGE 2002-2022

Mean Standard Deviation Minimum Maximum

Panel A - Native Workers

Hourly Real Wage 0.4338 0.4524 -0.5354 6.5780

Minimum Wage Earners 0.0234 0.1511 0 1

Gender (Male=1) 0.5839 0.4929 0 1

Age 39.5094 11.6950 18 64

Tenure 6.0510 7.4159 0 49.5

Schooling 8.3722 3.4641 0 23

Main Sectors of Activity

Hotels and Restaurants Workers 0.2441 0.4295 0 1

Construction Workers 0.1594 0.3660 0 1

Wholesale and Retail Trade Workers 0.1499 0.3570 0 1

Panel B - Immigrant Workers

Hourly Real Wage 0.3644 0.4562 -0.5279 5.8594

Minimum Wage Earners 0.0438 0.2047 0 1

Gender (Male=1) 0.6195 0.4855 0 1

Age 36.4449 10.0650 18 64

Tenure 2.9558 4.0947 0 47.5

Schooling 8.9390 3.6431 0 23

Main Sectors of Activity

Hotels and Restaurants Workers 0.3126 0.4635 0 1

Construction Workers 0.2097 0.4071 0 1

Wholesale and Retail Trade Workers 0.1167 0.3211 0 1

Notes: The table reports descriptive statistics for the hourly real wage (in logarithms), minimum
wage earners, gender, age, tenure, schooling, and main sectors of activity. A worker is considered
to be earning the minimum wage if the nominal total wage lies in an interval of -1/+1 centered in
the minimum wage of that year. Panel A presents the statistics for native workers, while Panel B
presents them for immigrant workers. All statistics refer to the largest connected set.
Source: Quadros de Pessoal, 2002-2022.
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FIGURE A.1. HISTOGRAM OF AVERAGE PEER FIXED EFFECTS
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Notes: The figures plot the histograms of the average peer fixed effect for the different workplace
interactions between workers and peers in terms of nationality. The figure is trimmed between the
values of -1 and 1.
Source: Quadros de Pessoal, 2002-2022.
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TABLE A.3. SUMMARY STATISTICS - WORKER, PEER GROUP, AND AVERAGE PEER

FIXED EFFECTS

Mean Standard Deviation Minimum Maximum

Panel A - Native Workers

Worker Fixed Effects 0.0079 0.3446 -4.5707 4.8780

Establishment/Occupation/Year Fixed Effects 0.0058 0.3905 -3.1400 4.8525

Panel B - Immigrant Workers

Worker Fixed Effects -0.0156 0.2990 -4.3161 3.7851

Establishment/Occupation/Year Fixed Effects -0.0128 0.3903 -3.1400 4.8525

Panel C - Average Peer Fixed Effects

Effect on Native Worker:
- HC Spillovers of Native Co-Worker (αNN

−it ) 0.0054 0.2341 -4.1511 2.7292

- HC Spillovers of Immigrant Co-Worker (αNI
−it) -0.0071 0.2293 -3.9930 3.0746

Effect on Immigrant Worker:
- HC Spillovers of Native Co-Worker (αIN

−it) 0.0007 0.1490 -4.1227 2.6516

- HC Spillovers of Immigrant Co-Worker (αII
−it) -0.0049 0.1493 -4.3161 3.7851

Notes: The table reports descriptive statistics for the worker fixed effects, peer group (establish-
ment/occupation/year) fixed effects, and average peer fixed effects. Panel A presents the statistics
for native workers, Panel B presents them for immigrant workers, and Panel C presents the statis-
tics for the average peer fixed effects considering different workplace interactions between workers
and peers in terms of nationality. These statistics are illustrated in Figures 3 and A.1. All statistics
were refer to the fixed effect estimates obtained from the full-specification model presented in
Section V.B.
Source: Quadros de Pessoal, 2002-2022.
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TABLE A.4. PEER EFFECTS ON ALTERNATIVE LEVELS OF HETEROGENEITY

Baseline Alternative FE Specifications
(1) (2) (3) (4)

Effect on Native Worker:
- HC Spillovers of Native Co-Worker (αNN

−it ) 0.0901 0.1640 0.7060 0.8552
(0.0234) (0.0094)

- HC Spillovers of Immigrant Co-Worker (αNI
−it) -0.0501 0.0947 1.1665 1.3455

(0.0337) (0.0127)

Effect on Immigrant Worker:
- HC Spillovers of Native Co-Worker (αIN

−it) 0.0404 0.1578 0.9721 1.1930
(0.0329) (0.0152)

- HC Spillovers of Immigrant Co-Worker (αII
−it) 0.0763 0.1725 0.7668 0.8989

(0.0212) (0.0067)

Worker Effects (αi)
Year Effects (τt)
Establishment/Year Effects
Occupation/Year Effects
Firm/Occupation Effects
Establishment/Occupation/Year Effects (πeot)

Observations 1,012,748 1,012,748 1,012,748 1,012,748

Notes: The table report the estimates for the full-specification model using alternative fixed effect
specifications. All specifications are controlled for age, age squared, tenure, tenure squared, gen-
der, schooling, and nationality. Column (1) refers to the estimation results of regression (2), also
presented in Table 2, Column (2). Columns (2)-(4) present alternative specifications in terms of
different levels of fixed effects identified below the estimates. In Column (3), the alternative fixed
effect specification uses firm instead of establishment due to the change of the establishment code
at a certain year in the data set. Specification (1) presents the lowest estimates of all specifications
as it controls most extensively for the different sources of sorting. In the other hand, specification
(4) displays the highest estimates as it controls only for homophily through worker fixed effects.
Due to computational power limitations, the standard errors for the specifications in Columns (2)
and (3) were not estimated as the remaining specifications. Standard errors in parentheses and
clustered at the peer group level.
Source: Quadros de Pessoal, 2002-2022.
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