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Abstract

Teen employment has fallen sharply across advanced economies, reducing firms’ access to a
traditionally flexible and low-cost source of labour, yet little is known about how they adapt
to this shift. This paper studies how firms and labour markets adjust to an exogenous contrac-
tion in teen labour supply, exploiting Portugal’s 2009 compulsory schooling reform, which
raised the minimum school-leaving age to 18. Using matched employer-employee data cov-
ering all private-sector firms between 2002 and 2016, we construct sector-municipality ex-
posure measures capturing both the intensity and persistence of pre-reform reliance on teen
workers and estimate event-study models comparing more and less exposed local labour
markets. The reform led to a sharp and lasting reduction in teen employment and on-the-job
training. Firms compensated primarily by hiring slightly older workers, without upgrading
skills or wages, suggesting adjustment along cost rather than productivity margins. Ongoing

work explores implications for productivity, capital expenditures, and technology adoption.
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1 Introduction

Over the past few decades, teenage employment has declined sharply across advanced
economies. In the United States, the labour force participation rate (LFP) of individuals
aged 16-19 fell from 53.7% in 1990 to 35.3% in 2019 — a decline of more than one third.
A similar pattern emerged in the United Kingdom, where the rate dropped from 58.4%
to 34.1% over the same period. Southern Europe stands out as an extreme case: in Italy,
Spain, Portugal, and Greece, teen LFP fell by more than half (Figure 1.) This secular de-
cline has been linked to a combination of supply- and demand-side forces, including the
expansion of educational opportunities and rising returns to schooling, tighter regula-
tions on the employment of minors, increases in minimum wages, and greater competi-

tion from low-skilled immigrant labour (Smith, 2012; Neumark and Shupe, 2019).

While several studies have examined how early work experience affects human capi-
tal formation and subsequent labour market outcomes (Kroupova et al., 2024; Le Barban-
chon et al., 2023), much less is known about how firms and local labour markets adjust
to the disappearance of this segment of the workforce. Teen workers traditionally pro-
vided a flexible and low-cost source of labour, often occupying entry-level positions or
participating in firm-based training programs. A sustained contraction in teen labour
supply thus represents a potentially important shock to firms” labour input composition,
training investments, and production decisions. Understanding these adjustment mar-
gins is crucial for evaluating the broader consequences of educational expansion and teen

labour regulations on firm outcomes and labour market equilibrium.

This paper studies how firms and labour markets adjust to an exogenous decline in
the availability of teen workers, exploiting a major compulsory schooling reform in Por-
tugal as a natural experiment. The reform, enacted in 2009, raised the minimum school-
leaving age from 15 to 18, effectively banning full-time employment of 16-17 year-olds
from 2012 on. The policy induced a sharp and permanent reduction in teen labour sup-
ply, providing an ideal setting to study firm-level and local labour market adjustments

to the removal of an entire age group from the workforce.

To study the consequences of this drop, we use matched employer—-employee data
covering the universe of Portuguese private-sector firms between 2002 and 2016 with de-
tailed information on firms” and workers” characteristics. We construct measures of pre-
reform exposure to teen labour at the sector-municipality level, capturing both the inten-

sity and persistence of reliance on teen workers, and estimate difference-in-differences



event-study models comparing more and less exposed local labour markets before and

after the reform.

The reform led to a pronounced and persistent decline in teen employment in more
exposed sector-municipality cells, consistent with a large and exogenous contraction in
the supply of teen labour. Firms in high-exposure cells reduced the share of teen workers
(aged 16-20) by roughly 4 percent of total employment relative to low-exposure areas.
Given that most teens were employed as trainees, these firms also experienced a sub-

stantial decline in training intensity.

To compensate for the loss of teen workers, firms primarily substituted toward slightly
older cohorts, particularly workers aged 25-35, without increasing educational attain-
ment or wages. This substitution pattern indicates that teen and low-skilled young adult
workers are close substitutes in production, and that firms responded to the reform by
relying on the next cheapest available labour source rather than upgrading their work-

force.

Overall, these results suggest that the decline in teen employment did not induce
firms to reorganize production or shift toward higher-skill labour, but instead triggered
a reallocation of employment within the lower end of the age and skill distribution. Work
in progress examines longer-term consequences for firm dynamics, including productiv-

ity, capital expenditures, technology adoption, and profits.

We contribute to three main strands of the literature. First, we contribute to the lit-
erature on the decline of teen employment across advanced economies. Existing stud-
ies have primarily focused on identifying the causes of this secular trend (Smith, 2012;
Neumark and Shupe, 2019). Related work on the effects of early work experience has
examined how changes in teen employment affect young people themselves — includ-
ing their educational attainment, skill formation, and life-cycle earnings (Kroupova et al.,
2024; Le Barbanchon et al., 2023). In contrast, much less is known about how firms and
labour markets adjust to the disappearance of this segment of the workforce. Our paper
fills this gap by examining how firms respond to the sharp and permanent contraction in
teen labour supply generated by a compulsory schooling reform, showing that this ad-
justment primarily occurred through reduced on-the-job training and changes in firms’

organization and production decisions.

Second, we contribute to the literature on substitution patterns between low-skilled

labour and other production inputs. Prior work shows that children and adults can be



substitutes rather than complements in production (Doran, 2013), and that declines in
low-skilled labour supply can induce capital-labour substitution or spur automation
(Andersson et al., 2022; San, 2023; Danzer et al., 2024). Our results complement this
evidence by showing that when low-skilled labour becomes scarcer, firms primarily sub-
stitute toward slightly older and similarly low-skilled workers rather than higher-skill
labour. This suggests that adjustment occurred narrowly within the lower end of the
skill and age distribution. Ongoing work explores longer-term implications for capital

expenditures, and technology adoption.

Finally, our study adds to the large literature on the effects of educational expan-
sion and compulsory schooling reforms. Most of this work focuses on the pecuniary
and non-pecuniary returns to schooling for individuals whose educational attainment
increased exogenously (Angrist and Krueger, 1991; Oreopoulos, 2007). We instead high-
light a novel margin: the impact of such reforms on firms and labour markets through
the contraction of youth labour supply. By documenting how a compulsory schooling re-
form can generate sizeable labour supply shocks with consequences for firms, we bridge

the literatures on education policy, child labour regulation, and firm adjustment.

This paper is organized as follows: Section 2 describes the Portuguese compulsory
schooling reform and data used. Section 3 describes the main facts characterizing teen
employment in Portugal, and Section 4 details the empirical strategy. Section 5 presents
the main results, with robustness of these results assessed in Section 6. Finally, Section 7

concludes and discusses the implications of the findings.

2 Institutional Setting and Data

2.1 Compulsory schooling reform

In 2009, Portugal implemented a major education reform that raised the minimum school-
leaving age from 15 to 18 and made completion of 12 years of schooling compulsory. The
reform was motivated by persistently high rates of early school leaving throughout the
2000s, which placed Portugal among the worst performers in the European Union. In
2008, the early school leaving rate stood at 35%, more than twice the EU average of 14.4%.
By 2024, this figure had fallen to 6.6%, below the EU average of 9.4%. Camara Leme
(2024) shows that the reform’s impact was particularly strong among disadvantaged stu-

dents — those from lower socioeconomic backgrounds or with weaker prior academic
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performance — indicating that the policy played an important role in extending school-

ing for the most at-risk groups and reducing educational inequality.

The reform represented a substantial tightening of compulsory schooling require-
ments. Before its introduction, students could legally leave education after completing
the 9th grade — the final year of lower-secondary schooling — or upon turning 15. Un-
der the new regime, compulsory education extends until completion of the 12th grade
— the final year of upper-secondary schooling — or until the student turns 18'. The
law applied to all cohorts entering grade 7 in the 2009/10 academic year (typically aged
12-13), such that the first fully exposed cohort reached upper-secondary education in
2012/13. Upper-secondary schooling in Portugal comprises grades 10 to 12 and includes
both academic and vocational tracks. The academic year begins in September and ends
in late August of the following calendar year, with the main school holidays taking place
between July and September. Compliance with the new law was enforced through po-
tential sanctions for parents or legal guardians, including fines, loss of welfare benefits,

or intervention by child protection services in cases of persistent non-attendance.

Implications for teen employment. As full-time employment became incompatible
with full-time compulsory schooling during the academic year, the government amended
the labour code in 2012 to align with this new reality. The revised code allowed minors
under 18 to work only if they had completed compulsory schooling (for example, stu-
dents still under the previous regime or those who graduated at age 17 under the new
law) or if they remained enrolled in upper-secondary education?. The minimum legal
working age for standard employment remained 16 years, unchanged by the reform.
Below that age, minors may be employed only to light work®.

In practice, this legislative change led to a gradual disappearance of 16-17-year-olds
from the labour market starting in 2009. The timing depended on students’ age and pro-

gression through school: those entering grade 7 at the standard age (around 12) were

!Students in Portugal can complete upper-secondary school at age 17 if they started school in the year
they turned six, progressed without grade repetition, and have birthdays after the end of the school year
in July.

2The 2009 revision of the Labour Code had already made this restriction implicit by conditioning the
employment of 16-17-year-olds on their attendance in education or training leading to completion of com-
pulsory schooling (Lei n.” 7/2009, Artigo 69). The 2012 amendment clarified this provision to remove any
remaining ambiguity.

3Light work refers to simple tasks that, by their nature or the physical and mental effort required, do not
endanger the minor’s health, safety, school attendance, or physical, moral, and intellectual development.
Before the reform, minors under 16 could be hired for light work only if they had completed compulsory
schooling as defined by the previous regime; after the reform, this exception was extended to include those
enrolled in upper-secondary education.



first restricted from working in 2013, while students with prior grade retentions — aged
13 or 14 upon entering grade 7 — were affected one or two years earlier, in 2011 or 2012.
Any decline in teen employment observed as early as 2009 or 2010 likely reflects firms’
anticipatory adjustments to the new legislation or behavioural responses from teens still
under the previous regime. Consequently, the supply of teen labour contracted progres-
sively across cohorts, culminating in a complete ban on full-time work by minors under

18 from 2013 onward.

The legal restrictions governing the employment of 16-17-year-olds relative to adults
remained largely unchanged following the reform. Minors are prohibited from working
overtime or performing night work (between 10 p.m. and 7 a.m.), and they cannot be
employed in tasks considered hazardous or detrimental to their health or safety. In addi-
tion, they must be granted two consecutive days of weekly rest, whereas adults are only
entitled to one, allowing greater flexibility in the organization of the work week for the
latter group. Apart from these protections, the standard working time limits are identical

for both groups: eight hours per day and forty hours per week.

2.2 Data

This paper leverages Quadros de Pessoal (QP), a longitudinal matched employer-employee
dataset collected annually by the Ministry for Employment (Ministério do Trabalho, Soli-
dariedade e Seguranga Social). The survey is mandatory for all private-sector establish-
ments with at least one wage earner and the data reflects the reference month of Octo-
ber each year. QP provides detailed information on firms, establishments, and workers,

uniquely identified and traceable over time.

The dataset includes rich firm- and establishment-level information such as location
, sector, ownership structure, legal status, and total employment. Worker-level informa-
tion includes age, gender, educational attainment, qualifications, hiring date, last pro-
motion, contract type (full- vs part-time), occupation, and hours worked, distinguishing
between usual and extra hours. It also provides granular wage data, including base pay,
regular supplements, and extraordinary payments (e.g., overtime compensation or an-
nual bonuses). Moreover, QP records the collective agreement governing each worker

and their professional category, allowing for precise job title definitions.

Beyond its richness, QP offers key additional advantages. Its mandatory nature en-

sures universal coverage, while employer-reported data mitigates self-reporting bias and



attrition, common in wage earner data. Nevertheless, the dataset has limitations. It
captures only a reference month per year, preventing within-year reallocation analy-
ses. Workers who are unemployed or out of the labour force during October are unob-
served, and the dataset does not distinguish between exits to unemployment, inactivity,

or public-sector employment (excluded from QP).

2.2.1 Sample of firms

We compile and clean the raw datasets to ensure consistency of the longitudinal data,

following the procedure of Card and Cardoso (2022).*

We restrict the analysis to the 2002-2016 period to examine the impact of the 2009
reform. Publicly participated firms — identified as those with a non-zero share of public
capital — are excluded, representing only 0.15% of the QP total sample of firms. We also
exclude firms located in the autonomous island regions, which account for 3.5% of all

firms of all firms, due to their distinct labour market conditions.

Finally, we exclude outliers in terms of employment and sales growth. We drop the
observation if the firm’s growth from the previous year in employment or sales is at
the top 1% or the bottom 1%. Excluding these outliers is necessary to account for the
strong dynamics in some firms that would otherwise significantly increase the noise in

the estimations.

3 Teen Employment in Portugal

We begin by presenting several facts that characterize teen employment in Portugal be-
fore the compulsory schooling reform, extending the analysis to the post-reform period
when relevant. We focus on two groups: (i) minors aged 16-17, and (ii) all teens up to 20

years old.

Sectoral distribution. In 2002, the first pre-reform year in our analysis, teen employ-
ment was heavily concentrated in five broad sectors: manufacturing, construction, retail,

accommodation and food services, and support service activities®. Together, these sectors

*Data quality checks and selection criteria are detailed in Appendix A of Card and Cardoso (2022).

5 According to the NACE 1-letter classification these sectors represent: C - Manufacturing, F - Construc-
tion, G - Wholesale and retail trade, I - Accommodation and food service activities, and N - Administrative
and support service activities.



accounted for about 95% of minor employment, roughly 91% of total teen employment,
75% of total employment, and around 72% of the total number of firms in the QP data
(Table 1). Given this concentration, our analysis throughout the paper focuses on these

five sectors.

Skill distribution. Turning to skill composition, the QP classifies workers into five qual-
ification categories based on job-title definitions: trainees, low-skilled, qualified, high-
skilled, and top management. In 2002, around half of all minors were trainees, 30%
were low-skilled, and 20% were in qualified positions (left-side panel of Figure 2). As
expected, minors were virtually absent from high-skilled or management roles. Looking
from the opposite perspective — the share of minors within each qualification group —
about 3% of all trainees were minors, compared to less than 0.5% among low-skilled or
qualified workers (right-side panel of Figure 2). This pattern, consistent with minors’
limited experience and education, motivates our focus on lower-skilled segments of the

labour market — specifically, trainee and low-skilled positions.

Contract type. Regarding contract types, minor employment was overwhelmingly full-
time in the pre-reform years. As seen in Figure 3, the share of part-time contracts never
exceeded 10%, indicating that the vast majority of employed minors worked full-time
rather than combining work and schooling in the month of October, when QP is mea-

sured.

Teen employment trends. Finally, aggregate employment trends show a steady decline
in the share of minors and teens in total employment between 2002 and 2016 (Appendix
Figure A1). While the downward trend was already visible before the reform, it acceler-
ated markedly from 2011 onward — coinciding with the gradual implementation of the

new compulsory schooling requirements.

4 Empirical Strategy

4.1 Local labour market exposure

To analyse the impact of the reform, we look at local labour market units, and create
measures of pre-reform exposure to teen labour that capture both the intensity and per-

sistence of exposure, which we use to attribute treatment and control status. Treatment
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status is given to units that had persistent high exposure to teen labour, while control sta-
tus is given to units that only had sporadic high exposure. We exclude units that never
employed teens during the pre-reform period, as these represent structurally different

local labour markets with no direct exposure to the policy shock.

41.1 Local labour market

Our preferred unit of analysis is conducted at the local labour market (LLM) level, de-
fined by three-digit sector-municipality pairs. This definition captures both the geo-
graphical and sectoral dimensions of teen employment in Portugal, which exhibited sub-
stantial heterogeneity across regions and sectors throughout the 20th century (Goulart

and Bedi, 2017).

Based on the evidence presented in the previous section, we focus our analysis on
lower-skilled LLMs — those composed of trainee and low-skilled positions — in the
five main sectors employing teens: manufacturing, construction, retail, accommodation
and food services, and support service activities. To avoid noise from extremely small
units, we restrict the sample to LLMs with a minimum pre-reform employment size of
at least 10 workers. This ensures that each unit includes at least one small firm or several

microenterprises with a comparable aggregate employment level®.

Focusing on LLMs rather than individual firms offers several advantages for identify-
ing the effects of the decline in teen employment generated by the compulsory schooling
reform. First of all, this aggregation is appropriate given our focus on outcomes such as
employment and wages, which are determined in equilibrium at the market level rather
than within individual firms. Although LLMs encompass multiple firms with hetero-
geneous exposure to the shock, the impact of a significant labour supply shock extends
beyond directly treated firms — particularly in highly exposed markets — altering both
the pool of available workers and the outside options of those currently employed. Re-
stricting attention to variation in firm exposure within LLMs would therefore risk biasing
our estimates, since even firms with limited direct exposure may be indirectly affected
through market-wide adjustments. In ongoing work, we test the robustness of our results

using firms as the unit of exposure and find broadly consistent patterns.

SFirms in Portugal are classified according to the European Commission Recommendation
2003/361/EC: micro firms employ fewer than 10 workers and have annual turnover or total assets below
€2 million; small firms employ 11-50 workers with turnover or assets below €10 million; and medium-
sized firms employ 51-250 workers with turnover below €50 million or total assets below €43 million. For
our sample selection we only take into account total employment size.



Second, this approach mitigates potential bias from under-reporting of teen employ-
ment in administrative records coming from the QP. As long as reported and actual ex-
posure are positively correlated within each LLM, and informal teen labour supply also
responds to the reform, the analysis should still capture meaningful variation in firm
outcomes, even if the true intensity of the teen labour supply shock is underestimated

due to under-reporting.

Finally, the LLM level provides a more stable measure of exposure to teen labour by
aggregating over firms. Portuguese firms are on average very small, and many employ
minors only intermittently. As a result, firm-level exposure is highly volatile over time: a
small firm may appear “exposed” in one year and “unexposed” in the next, even though
it operates in a labour market consistently dependent on teen workers. Aggregation to
the LLM level smooths this volatility and captures both the intensity and the persistence

of reliance on teen labour within these units.

4.1.2 Pre-reform exposure: intensity and persistence

To measure pre-reform exposure to teen labour, we focus on employment of minors aged
16-17, as this age group was directly affected by the reform. Treatment status is assigned
to LLM units that exhibited persistently high exposure to minors before the reform, while

control status is attributed to those with only sporadic high exposure.

Specifically, our baseline treatment definition classifies an LLM as treated if it appears
above the 90th percentile of the within-year distribution of minor-employment intensity
in more than one pre-reform year. Conversely, an LLM is considered a control unit if it
reaches the 90th percentile in only one year. Appendix Figure A2 illustrates the distribu-
tion of exposure in 2002 — the first pre-reform year — showing the large mass of LLMs

with zero exposure in a given year, and the high-exposure tail above the 90th percentile.

This approach identifies groups that are comparable in their underlying reliance on
teen labour, but differ in the persistence of that reliance. While both treated and control
LLMs share characteristics that make them dependent on teen workers to some extent,
those with persistently high exposure are expected to face a sharper contraction in teen
labour supply after the reform and, consequently, stronger responses along firm adjust-

ment margins.

To assess robustness, we consider alternative definitions of treatment and control sta-

tus. Specifically, we examine two additional classifications: (i) LLMs appearing at least



twice in the top quartile of exposure versus those in the top quartile only once; and
(ii) LLMs appearing at least three times above the 90th percentile versus those at most
twice. Results reported in the robustness section show that the estimated effects become
stronger as the treatment definition is made more stringent, consistent with our interpre-

tation.

Finally, an alternative approach would be to divide LLMs into those that ever em-
ployed teens and those that never did. However, units that never hired teens during the
pre-reform period differ markedly in pre-trends from those that did. For this reason, we
restrict our analysis to comparing LLMs with varying degrees of teen labour dependence,

rather than including structurally unrelated markets.

4.1.3 Treated and Control Units: Trends and Comparison

Equipped with a treatment definition, we next compare treated and control LLMs. Among
the 4,084 local labour market units, 693 are classified as treated and 698 as control, cor-
responding to roughly 17Figure 4 plots trends over the analysis period in several key
variables: the share of minors (aged 16-17) and of all teens (aged < 20) in employment,
the number of minors employed, total employment (in both absolute and logarithmic
terms), and the number of firms. These variables, along with all others used in the sub-
sequent analysis, are described in Table 2. The first vertical dashed line marks the intro-
duction of the 2009 compulsory schooling reform, while the second marks 2013, when
the reform’s phased implementation culminated in a complete ban on full-time work by

minors under 18.

Both treated and control LLMs were already on a gradual downward trend in teen
employment prior to the reform. However, the decline in the share of teen workers ac-
celerates markedly in treated LLMs after 2009, consistent with the contraction in teen
labour supply induced by the reform. Treated LLMs are also larger on average, both in
total employment and in the number of firms. While these variables display an upward
trend until around 2007, followed by a decline beginning in 2010 — likely reflecting the
Great Recession — these aggregate movements appear similar across treated and control

LLMs.

To estimate the effects of the reform more precisely, we implement this analysis in a

difference-in-differences event-study model, which we detail below.
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4.2 Identification

We estimate the effects of the reform using an event-study difference-in-differences frame-
work. The specification includes a rich set of fixed effects, allowing potential outcomes
for each local labour market unit (sector-municipality pair) to evolve flexibly over time
through additive sector and municipality components, following Bergeaud et al. (2025).
The identifying variation comes from differences in pre-reform exposure to teen labour
across municipalities within the same sector, relative to their municipality-specific trends.
Based on the treatment and control definitions described above, we estimate the follow-

ing regression:

2016

}/smt :Oésm—i_’)/st_'—)\mt—i_ Z 6k ]]-{t: k}'Dsm+€smt (1)

£k=2002
k#2008

where Y, is the outcome of sector s, in municipality m, in year ¢, such as the share of
workers in a given age group relative to total employment. o, are sector-municipality
fixed effects, controlling for time-invariant differences across local labour market units;
st are sector-year fixed effects, capturing sector-specific time variations flexibly; while
Amt are municipality-year fixed effects, capturing municipality-specific time variations.
Dy, is the treatment indicator equal to 1 for treated units and 0 for control units. The
coefficients J;, estimate the year-specific effects of the reform relative to the base year
2008, the last pre-reform period. We cluster standard errors at the sector-municipality
level, the dimension at which exposure varies, taking into account serial correlation of

shocks within units over time.

For expositional clarity, we first describe the identifying assumption in a model that
excludes municipality—year fixed effects (\,,;): within each sector, treated and control
municipalities would have followed similar trends absent the reform. Including A, re-
laxes this requirement, implying instead that, in the absence of the reform, treated munic-
ipalities within a sector would have evolved similarly relative to their municipality-specific

trend compared to control ones.

Although the parallel-trends assumption cannot be directly tested, finding ¢; not to
be significantly different from zero for pre-2009 years provides evidence consistent with

the absence of differential pre-trends between treated and control units.
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5 Results

We begin by quantifying the magnitude of the teen labour supply shock induced by the
reform. After establishing that the share of all workers aged up to 20 fell by roughly 4
percentage points (a 26% decrease), we examine how firms adjusted their workforce com-
position in response. Finally, we assess how these adjustments translated into changes in

key firm and labour market outcomes, such as productivity and wages.

5.1 Labour supply shock

Appendix Figure A3 presents event-study estimates from equation 1 for changes in the
share of workers by age group: minors (16-17), 18-, 19-, and 20-year-olds. By 2013, the
share of workers in each of these age groups had declined by about 1 percentage point
in treated LLMs relative to control ones. In contrast, as shown in Appendix Figure A4,
we find no significant effects for older age groups (21-24, analysed individually). While
the drop in minor employment is immediate after the reform — likely reflecting firms’
anticipatory adjustments or behavioural responses from cohorts still under the previous

regime — the decline for 18-20-year-olds unfolds more gradually.

Based on these results, Figure 5 presents the main estimates of the labour supply
shock. Panel A reports effects for minors (aged 16-17), while Panel C pools all affected
age groups (< 20), showing that the total teen employment share declined progressively
until 2013 — when the reform’s phased implementation culminated in a full ban on full-
time work by minors — amounting to a total reduction of about 4 p.p. (a 26% decrease
from the pre-reform level of 15Using an alternative measure of exposure — the share of
total hours worked by workers in these age groups — Panels B and D reveal declines
of nearly identical magnitude. This consistency across measures indicates that our esti-
mated labour supply shock is robust and that the reduction in full-time employment was
not offset by increases in part-time work by the same age groups. Finally, the absence of
differential pre-trends across treated and control LLMs for all these outcomes supports
the validity of our identification strategy.

There are several reasons why employment among 18-20-year-olds also declined,
even though these age groups were not directly targeted by the reform. First, some stu-
dents compelled to remain in school until age 18 because of the reform may have con-

tinued beyond the minimum requirement, either because of realized returns to school-
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ing or improved educational opportunities. Indeed, Camara Leme (2024) finds that the
probability of remaining in school until at least age 18 or 19 increased by roughly 2.5 per-
centage points for the first affected cohort, with potentially larger effects for later cohorts
as schools became better equipped to accommodate them and public spending on edu-
cation increased. Second, older teens not directly constrained by the reform may have
voluntarily reduced their labour force participation to improve their their educational
attainment in response to a new equilibrium where higher levels of education became
the norm. Finally, part of the decline may occur mechanically through the loss of retained
workers: the stock of 18-20-year-olds employed in any given year reflects not only new
hires in that age group but also those who began working as minors and remained em-
ployed. As the latter pool disappeared following the reform, the share of 18-20-year-old
workers naturally fell. To shed light on these possible mechanisms, work in progress

looks at hiring and separation margins of these age groups.

5.2 Firms’ Adjustment and Workforce Composition
5.2.1 Total employment and substitution pattern

Having established that the reform led to a contraction in the supply of teen labour, we
now turn to how firms adjusted their overall employment. In particular, we consider
three possible adjustment patterns: less than one-for-one, one-for-one, and more than

one-for-one replacement of teen workers.

A ftirst possibility is that total employment declines (a less-than-one-for-one replace-
ment): firms may struggle to compensate for the loss of teen labour due to skill mis-
matches, hiring frictions, or because the reduction in workers for the average firm is too
small to justify replacement. Alternatively, they may respond by substituting low-skilled
labour with capital. A second possibility is a one-for-one substitution, whereby firms re-
place each lost teen worker with a relatively older employee, leaving total employment
unchanged. Finally, total reported employment could even increase (a more-than-one-
for-one replacement). This could occur if the reform effectively removed both reported
and unreported teen workers from the labour market, prompting firms to compensate for

these losses by hiring additional, older workers whose employment is formally reported.

Results in 6 show no evidence of a change in the logarithm of total employment fol-

lowing the reform, consistent with a one-for-one substitution of teen workers by other
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employees. However, adjustment patterns may vary across local labour markets. Ongo-
ing work explores heterogeneity by sector and other LLM characteristics, as well as the

potential labour—capital substitution channel.

5.2.2 Workforce Composition

Age composition. Having shown that firms replaced teen workers with other employ-
ees, we now examine how the age composition of the workforce adjusted. Specifically,
we analyse changes in employment shares across two broad age groups: (i) younger
adults aged 25-34, and (ii) older adults aged 35 and above. Results in Panel A of Fig-
ure 7 indicate that the share of younger adults increased significantly by around 2.5 p.p.
following the reform, while the share of older adults remained essentially unchanged

(Panel B, Figure 7).

Demographic composition. We next examine how the demographic composition of
the workforce adjusted, focusing on the gender balance and the share of foreign-born
workers. As shown in Panels C and D of Figure 7, we find no significant changes in

either of these dimensions.

Educational composition. We then turn to the effects of the reform on the educational
composition of the workforce. Namely, we analyse changes in the share of workers with
(i) at most lower-secondary education, (ii) at most an upper-secondary diploma, and (iii)
a university degree. Panel E of Figure 7 shows estimates for the share of workers with at
most an upper-secondary diploma, while Appendix Figure A5 shows estimates for the
other two shares. We find no evidence of significant changes in any of these shares fol-
lowing the reform. While the reform likely increased the supply of workers with upper-
secondary education, the first affected cohort would have completed that level no earlier
than 2016. Hence, our observation window may be too short to capture these effects, and

extending the analysis beyond 2016 could reveal longer-term adjustments.

Skill composition. Next, we examine how the skill composition evolved after the re-
form. Because our analysis focuses on lower-skilled LLMs — composed of trainee and
low-skilled positions — any change in the share of one qualification category mechani-
cally mirrors the other. Panel F of Figure 7 shows that the share of trainees declined by

nearly 4 p.p. As discussed in Section 3, since most teens were employed as trainees, this
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reduction implies a substantial drop in training intensity among firms in treated LLMs.

Mechanism behind compositional change. For all the significant changes in workforce
composition documented above, it is important to distinguish to what extent they arise
mechanically from the disappearance of teens or reflect compositional differences among
newly hired workers who replaced them. To shed light on this mechanism, ongoing work

examines the characteristics of new hires following the reform.

5.3 Firm Performance and Wage Effects

Having shown that firms replaced teen workers with other employees — and that this
substitution altered workforce composition, notably through an increase in the share of
young adults (aged 25-34) and a decline in the share of trainees — we now turn to exam-
ining how these adjustments affected firm survival and wages. Ongoing work explores

implications for productivity, profits, capital expenditures, and technology adoption.

Firm survival. Figure 8 presents the estimated effects on the number of firms (in log
levels) and on the share of firms exiting the market in each unit and year. Firm survival
could be affected for two main reasons. First, the contraction in teen labour supply may
have led firms that relied heavily on this workforce to face hiring constraints and even-
tually exit the market. Second, the Great Recession may introduce bias if, conditional on
the fixed-effects structure of equation (1), exposure to teen labour is correlated with the
likelihood of being more severely affected by the crisis. We find no significant effects on

either outcome, suggesting that firm survival was largely unaffected by the reform.

Wages. Figure 9 presents the estimated effects of the reform on the logarithm of average
wages. In a standard competitive framework, a negative labour supply shock would be
expected to raise wages. However, we find no evidence of such an increase. Although
there is a positive and significant effect in 2016 — the final year of our analysis period —
its magnitude is similar (in absolute terms) to a significant effect for the pre-reform year
2002. Overall, the pattern of results is not consistent with a progressive rise in wages

accompanying the decline in teen labour supply shown in Figure 5.

One plausible explanation is the presence of wage rigidities in these low-skilled labour
markets, where a substantial share of workers earn the minimum wage. Such rigid-

ity could have prevented wages from adjusting upward despite the reduction in labour
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supply.

6 Robustness

6.1 Robustness to Treatment Definition

Our baseline treatment definition considers an LLM as treated if it appears above the 90th
percentile of the within-year distribution of minor-employment intensity in more than
one pre-reform year, and as a control unit if it reaches the 90th percentile in only one year.
Because our objective is to compare LLMs that exhibited persistently high exposure to
minors before the reform (the treated group) with those that only had sporadic exposure,

we assess how sensitive our results are to alternative thresholds of exposure persistence.

Figures A6 and A7 respectively present estimates for the main outcomes under two
alternative classifications: (i) LLMs appearing at least twice in the top quartile of expo-
sure versus those in the top quartile only once; and (ii) LLMs appearing at least three
times above the 90th percentile versus those at most twice. Estimated effects strengthen
as the treatment definition becomes more stringent, consistent with our interpretation
that higher pre-reform exposure implies a sharper contraction in teen labour supply af-

ter the reform and, consequently, stronger firm-level adjustment responses.

7 Conclusion

This paper set out to understand how firms and labour markets adjust to a sharp and
permanent contraction in the supply of teenage workers. Teen employment has de-
clined steadily across advanced economies, yet the literature has focused on its causes
and on the consequences of early work experience for the individuals directly affected.
Much less is known about how firms and markets reorganize when an entire segment
of the low-skilled workforce disappears. We address this question by exploiting Portu-
gal’s 2009 compulsory schooling reform, which raised the minimum school-leaving age
from 15 to 18 and effectively banned full-time work by minors from 2013 onward. The
reform provides a natural experiment that generated a contraction in the availability of

teen labour, without confounding changes in demand.

Using matched employer—employee data covering the universe of private-sector firms
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between 2002 and 2016, we measure pre-reform exposure to teen labour across sec-
tor-municipality cells and implement an event-study difference-in-differences design.
Our approach compares local labour markets that relied more or less intensively and
persistently on teen workers before the reform, controlling flexibly for sectoral and mu-
nicipal trends. This framework allows us to trace firm and labour market responses to

the removal of an entire age group from the workforce.

We find that the reform induced a sharp and lasting decline in teen employment. The
share of workers aged 16-20 fell by around four percentage points — a 26 percent re-
duction relative to the pre-reform average — while on-the-job training intensity declined
parallelly. Firms compensated for this loss primarily by hiring slightly older, low-skilled
young adults aged 25-34, suggesting that teen and young adult workers are close sub-
stitutes in production. Despite this compositional shift, we find no evidence of changes
in average wages or educational attainment. Nor do we observe effects on firm survival,
implying that firms were able to adjust through substitution within the lower end of the

skill and age distribution.

Our findings highlight the importance of considering firm behaviour when evalu-
ating the broader consequences of educational expansion and child labour regulation.
While such reforms can benefit young individuals through higher schooling and human
capital accumulation, they can also reshape the composition of local labour markets and
firms’ training investments. Ongoing work examine the longer-term implications of this
adjustment process, including effects on firm productivity, capital investment, and the
evolution of training practices once the reform became fully embedded in the workforce.
By shedding light on how firms adapt to structural shifts in the availability of low-skilled
labour, this research contributes to a broader understanding of the interaction between

education policy, labour supply, and firm dynamics.
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Figures

Figure 1

Teen Labour Force Participation
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Teen labour force participation rates (%) for individuals aged 15-19 across selected countries, 1990-2019.
Annual rates are calculated as averages of quarterly or monthly data, depending on each country’s report-
ing frequency. Source: International Labour Organization (ILO).
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The left panel shows the distribution of minors workers (age 16-17) across qualification categories, while
the right panel displays their share within each qualification group in 2002. The Quadros de Pessoal data
classifies workers into five qualification categories based on job-title definitions: trainees, low-skilled, qual-
ified, high-skilled, and top management.
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Figure 3: Share of minors in full- and part-time contracts
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Figure 4: Trends in key variables for treated and control local labour markets
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Figure 5: Teen labour supply shock
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Panels A-D plot event-study difference-in-differences estimates from equation 1 for the share and total
hours of teen employment in treated relative to control local labour markets. Panels A and B show effects
on workers aged below 18, measured respectively in shares and total hours worked. Panels C and D
present analogous estimates for all workers aged 20 or below. Shaded areas correspond to the transition
period between the passing of the reform in 2009 and 2013, when its phased implementation culminated
in a complete ban on full-time work by minors under 18. Vertical lines represent 95% confidence intervals
around the point estimates. Standard errors are clustered at the local labour market (sector-municipality)
level.
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Figure 6: Total employment effects
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Event-study difference-in-differences estimates from equation 1 for the logarithm of total employment in
treated relative to control local labour markets. Shaded areas correspond to the transition period between
the passing of the reform in 2009 and 2013, when its phased implementation culminated in a complete ban
on full-time work by minors under 18. Vertical lines represent 95% confidence intervals around the point
estimates. Standard errors are clustered at the local labour market (sector-municipality) level.

25



Figure 7: Workforce Composition effects
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Panels A-F plot event-study difference-in-differences estimates from equation 1 for the share of workers in
selected demographic and qualification groups in treated relative to control local labour markets. Panels A
and B show effects by age group (25-34 and >35 years old), Panels C and D by demographic characteristics
(female and foreign-born), and Panels E and F by education and qualification (upper-secondary school and
trainee). All variables are defined in Appendix Table 2. Shaded areas correspond to the transition period
between the passing of the reform in 2009 and 2013, when its phased implementation culminated in a
complete ban on full-time work by minors under 18. Vertical lines represent 95% confidence intervals
around the point estimates. Standard errors are clustered at the local labour market (sector-municipality)
level.

26



.05+

-.05

Figure 8: Firm survival effects

Number of firms (log)

Panels A and B plot event-study difference-in-differences estimates from equation 1 for firm survival out-
comes in treated relative to control local labour markets. Panel A shows effects on the logarithm of the
number of firms, while Panel B reports effects on the share of firms exiting the market from year ¢t — 1 to
year ¢. Shaded areas correspond to the transition period between the passing of the reform in 2009 and
2013, when its phased implementation culminated in a complete ban on full-time work by minors under
18. Vertical lines represent 95% confidence intervals around the point estimates. Standard errors are clus-

T T T T T T T T
2002 2004 2006 2008 2010 2012 2014 2016

.05

.05 -

Firm exit

tered at the local labour market (sector—-municipality) level.

27

T T T T T T T T
2002 2004 2006 2008 2010 2012 2014 2016



Figure 9: Wage effects
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Event-study difference-in-differences estimates from equation 1 for the logarithm of average wages in
treated relative to control local labour markets. Shaded areas correspond to the transition period between
the passing of the reform in 2009 and 2013, when its phased implementation culminated in a complete ban
on full-time work by minors under 18. Vertical lines represent 95% confidence intervals around the point
estimates. Standard errors are clustered at the local labour market (sector-municipality) level.
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Appendix
Additional figures

Figure Al: Trends in share of workers aged <20 and <18
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Share of workers aged <20 and <18 to total workers in the five main 1-letter sectors employing minor
workers: manufacturing, construction, retail, accommodation and food services, and support service ac-
tivities. The first vertical dashed line marks the introduction of the 2009 compulsory schooling reform,
while the second marks 2013, when the reform’s phased implementation resulted in a complete ban on
full-time work by minors under 18.
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Figure A2: Distribution of the share of workers aged 16-17 in 2002
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Distribution of the share of workers aged 16-17 to total workers across local labour markets in 2002. The
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Figure A3: Teen labour supply shock: individual age groups
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Panels A-D plot event-study difference-in-differences estimates from equation 1 for the share of workers

by individual age groups in treated relative to control local labour markets. Panels correspond respectively

to workers aged below 18, 18, 19, and 20 years old. Shaded areas correspond to the transition period

between the passing of the reform in 2009 and 2013, when its phased implementation culminated in a

complete ban on full-time work by minors under 18. Vertical lines represent 95% confidence intervals
around the point estimates. Standard errors are clustered at the local labour market (sector-municipality)

level.
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Figure A4: Labour supply shock: older age groups
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Panels A-D plot event-study difference-in-differences estimates from equation 1 for the share of workers
by individual age groups in treated relative to control local labour markets. Panels correspond respectively
to workers aged 21, 22, 23, and 24 years old. Shaded areas correspond to the transition period between
the passing of the reform in 2009 and 2013, when its phased implementation culminated in a complete ban
on full-time work by minors under 18. Vertical lines represent 95% confidence intervals around the point
estimates. Standard errors are clustered at the local labour market (sector-municipality) level.
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Figure A5: Educational composition effects: basic and university education levels
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Panels A and B plot event-study difference-in-differences estimates from equation 1 for the share of work-
ers with different education levels in treated relative to control local labour markets. Panel A shows effects
for workers with at most basic education, and Panel B for those with a university degree. Shaded areas
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correspond to the transition period between the passing of the reform in 2009 and 2013, when its phased
implementation culminated in a complete ban on full-time work by minors under 18. Vertical lines repre-

sent 95% confidence intervals around the point estimates. Standard errors are clustered at the local labour

market (sector-municipality) level.
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Figure A6: Robustness to Treatment Definition: Less Stringent Exposure Threshold
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Event-study difference-in-differences estimates from equation 1 for the main outcomes using an alterna-
tive treatment definition. Treated local labour markets are defined as those appearing at least twice in the
top quartile of minor-employment intensity in the pre-reform period, while control units appear in the top
quartile only once. Panels display estimated effects for key outcomes: the share of minors (Panel A), the
share of all teens aged < 20 (Panel B), the share of young adults aged 25-34 (Panel C), the share of trainees
(Panel D), total employment (Panel E), and the number of firms (Panel F). Shaded areas correspond to
the transition period between the passing of the reform in 2009 and 2013, when its phased implementa-
tion culminated in a complete ban on full-time work by minors under 18. Vertical lines represent 95%
confidence intervals around point estimates. Standard errors are clustered at the local labour market (sec-
tor-municipality) level.
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Figure A7: Robustness to Treatment Definition: Stricter Exposure Threshold
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Event-study difference-in-differences estimates from equation 1 for the main outcomes using an alternative
treatment definition. Treated local labour markets are defined as those appearing at least three times above
the 90th percentile of minor-employment intensity in the pre-reform period, while control units appear at
most twice. Panels show estimated effects for key outcomes: the share of minors (Panel A), the share of all
teens aged < 20 (Panel B), the share of young adults aged 25-34 (Panel C), the share of trainees (Panel D),
total employment (Panel E), and the number of firms (Panel F). Shaded areas correspond to the transition
period between the passing of the reform in 2009 and 2013, when its phased implementation culminated
in a complete ban on full-time work by minors under 18. Vertical lines represent 95% confidence intervals
around point estimates. Standard errors are clustered at the local labour market (sector-municipality)
level.
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