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pations reveal a reverse relation.

(Regional labor markets)

It is often stated that certain occupations in Germany, because of “Demographic Change”, are dwindling, implying a
labor shortage. We investigate the 10-year wage growth of young employees entering the labor market in different
occupations. Our findings suggest that regional labor market tightness in occupational fields significantly explains
wage growth. Individuals who start their careers in a tighter labor market enjoy higher wage growth than workers in
more relaxed labor markets. We identify some occupational fields where the effect is especially strong, such as several
engineering groups, IT occupations, technicians, and some commercial occupations. Interestingly, health-care occu-
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1 Introduction

Technological progress affects many countries economi-
cally and socially and shapes the labor market pattern.
Acemoglu and Restrepo (2018) show that inequality
rises with automation, digitalization, and new tasks:
Robots and machines replace routine tasks performed
by low-skilled workers. This potentially leads to higher
unemployment and stagnant wages for low-skilled labor.
Additionally, digitalization and, more generally, techno-
logical progress have created new complex tasks for the
control, maintenance, and extension of (digitalization)
techniques, requiring workers with relevant specialized
knowledge in advanced subjects, natural sciences, and
IT skills (often referred to as STEM for Science, Tech-
nology, Engineering, and Mathematics). Moreover, these
technologically complex production processes poten-
tially raise the wages of STEM workers. For instance,
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mechatronics is an excellent example of the change from
“pure” mechanics to the combination of mechanics, elec-
tronics, IT, and Al techniques. These effects accelerate
wage inequality between different groups of workers. To
learn more about Skilled-Bias Technological Change, see
Goldin and Katz (2009) or Acemoglu and Autor (2011),
to name a few. According to Autor et al. (2003), it might
not (yet) be possible to replace workers with machines
for non-routine tasks, such as housekeeping and hotel-
related jobs, and personal care, which mainly belong to
the low-paid categories. These tasks might be a reason
for job polarization at the margins of the wage distribu-
tion: low-paid non-routine tasks are still in demand even
though high-paid technologically demanding jobs are
becoming increasingly important, while machines can
increasingly eliminate middle-wage jobs (for the United
States: Autor and Dorn 2009; Autor et al. 2006, 2008; the
United Kingdom: Goos et al. 2014; and West-Germany:
Spitz-Oener 2006; Dustmann et al. 2014). Thus, changing
labor demand might cause different wage effects depend-
ing on the relative position of individuals within the
wage distribution. In countries such as Germany, there
is a strong belief that specialists in certain occupations,
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especially in STEM, have been missing for years (Federal
Employment Agency Germany 2017).

Aside from technological progress, the so-called Demo-
graphic Change made its first appearance in Germany:
The (relative) number of young people graduating from
college has become smaller since the mid-1990s. There-
fore, companies compete aggressively for these young-
sters to fill their apprenticeship workplaces (Statistisches
Bundesamt 2017).

Is there a shortage of young labor in specific occupa-
tions, such as STEM, where labor demand is high, but the
supply of (new) labor is relatively scarce? If so, it should
be associated with somewhat higher wage growth for a
given or growing labor stock and a reduction in unem-
ployment. Thus, the hypothesis of this research is: When
the labor market becomes tighter, we expect higher entry
wages for young individuals. In detail, we raise three
questions. First, can we identify higher individual wage
growth for apprenticeship leavers, depending on the
relative shortage in particular occupations? Second, is
this effect more pronounced for specific occupations
such as STEM? Third, does the impact differ depending
on the individual position within the entire wage distri-
bution? For this purpose, we construct a labor market
tightness measure following the wage-curve literature
(e.g., Blanchflower and Oswald 2008) and estimate an
individual’s 10-year wage-growth equation in a setting
of Mincer (1974) for apprenticeship leavers. We use an
extensive German administrative database of young indi-
viduals for 1995-2014 provided by the German Insti-
tute for Employment Research. Because we are explicitly
interested in the effect of the demographic transition,
we need to focus on individuals directly affected by such
population change. Considering, for instance, unem-
ployed individuals after mass layoffs does neither take the
demographic transition into account nor does it reflect
the tightness-problem of young individuals. We, there-
fore, stick to the group of young individuals entering the
labor market.

This paper is structured as follows. A theoretical moti-
vation and the hypotheses are given in Sect. 2. Section 3
introduces the data and variable constructions. The
econometric methods used in this study are very briefly
presented in Sect. 4. The results are presented and dis-
cussed in Sect. 5, and finally, Sect. 6 summarizes and
concludes the paper.

2 Theoretical considerations and hypotheses
Believing that occupational labor market tightness is
driven by changes in product demand, technological
change, or demographic change, we set up arguments
from the wage-curve literature in basic macroeconomic
settings (see Blanchflower and Oswald 2008).
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Fig. 1 Wages in a labor market demand and supply equilibrium

Consider the labor market in a specific occupation and
region as outlined in Fig. 1. It visualizes the labor demand
D and labor supply S curves. There is a maximum endow-
ment of labor in a specific occupation and region, either
employed E or unemployed U. In equilibrium, E; people
are employed and U, people are unemployed, leading to
wage wi. We explicitly consider occupations instead of
the entire regional employment-unemployment situation
because of its heterogeneity. There is no reason to assume
that the slopes of demand and supply side, potential
shifts in both curves but also the maximum labor endow-
ment, the effect of, e.g., occupational trends, the impact
of technological change, etc., are identical over occupa-
tions. There might be (regional) trends in demand for
specific fields, with demands rising for ones but falling
in others. For a given stock of employees in both profes-
sions, the unemployment rate may fall in one occupation
but increase in the other. Using aggregate regional data
on unemployment would not be able to disentangle the
different directions caused by aggregation. Depending on
the relative size of trends in both occupations, we may
observe a reduction or an increase in unemployment and,
consequently, differences in wage reactions. Finally, in the
public debate, the labor shortage is often claimed to exist
for specific occupations, making this level of analysis rel-
evant. The occupation-specific regional setting captures
such heterogeneity and allows a much better understand-
ing of the functioning of regional, occupation-specific
labor markets.

In the last two decades, firms have often claimed that
they had to reject business opportunities because of
the lack of labor. We interpret this as a rising product
demand associated with increased labor demand. If labor
demand in an occupation increases, the demand curve
shifts outwards. Wages are expected to rise from w; to
wy. In the short run, employers usually pay wy; therefore,
an excess demand creates vacancies. At the same time,
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U, unemployed workers are available but are unwilling to
take a job for a small wage w1.

Within a labor market matching framework, the num-
ber of unemployed people and vacancies are usually
utilized to construct a labor market tightness measure.
However, only very scarce data on open vacancies is avail-
able at the regional-occupational level. Similar to Mos-
carini and Postel-Vinay (2017), we use the employment
level E; instead. Hence, our tightness measure relates to
the unemployed-to-employed in a region and occupa-
tion. In the medium and long runs, wages will adjust, and
the “Ey — wy — Uy”— combination will describe the new
equilibrium. As can be seen, the labor market becomes
tighter because the number of employees rises, whereas
the number of unemployed people shrinks. Moreover,
the question arises whether there are different effects on
wage growth because of labor market tightness between
income groups in the same occupational field (e.g., IT,
sales, social occupations). Acemoglu and Restrepo (2018)
present mechanisms through which human work is sub-
stituted or is complementary to capital-intensive produc-
tion, depending on production costs and whether it leads
to higher unemployment and stagnant wages for specific
groups in the wage distribution. It is assumed that low-
paid employees in a particular occupation who are hypo-
thetically low-skilled can be easier to replace with capital
(machines) than well-paid (high-skilled) employees in the
same professional field. Thus, the bargaining power of the
already well-paid employees is more vital than that of the
low-paid people, which leads to rising wage inequality
between these two income groups. Suppose fewer free/
unemployed workers are available but not yet substitut-
able. In that case, lower-skilled workers might become
more desirable again, and their wages might grow
more—compared to better-skilled workers within that
occupation—to prevent them from moving into other
occupations that offer better conditions. Thus, the effect
of tightness might differ between income groups within
the same occupation.

Based on these theoretical reflections, we attempt to
investigate the already-mentioned hypotheses:

H1:  Labor market tightness positively affects individu-
als’ wages;

H1:  The effects of labor market tightness differ between
occupations;

H1:  The effects of labor market tightness differ depend-
ing on the relative position of individual wages in the
entire wage distribution.
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3 Data and sample selection

We use the individual data of the Integrated Employment
Biographies (IEB) provided by the Institute for Employ-
ment Research (IAB) for 1995-2014. This administrative
data includes all working individuals subject to social
security contributions and those who are unemployed.
It allows the construction of the entire (un-)employ-
ment history of about 90% of the entire German labor
market. From the whole universe of employment entries
of all individuals (so-called spells) contained in the IEB,
we aggregate data at the level of the firm and all higher
levels of hierarchy, such as the industry, occupation, and
region, and derive a linked employer-employee dataset.
From this data source we derive various measures at the
individual level, such as information on the unemploy-
ment history, migration, and job-changing behavior, and
also at the firm and region levels and within occupations.
A comprehensive description of all variables, which we
include in all estimations, is provided in Appendix 1:
Table 4.

Card and Lemieux (2001) argue that different cohorts
are imperfect substitutes because the older workers have
already attained experience and thus are potentially
more productive. On the other hand, the newest cohorts
possess the latest knowledge but have almost no expe-
rience. They enter the labor market under similar con-
ditions and have more or less equal productivity levels.
Thus, individuals from younger generations are easy to
compare because of their simple and short employment
biographies that might affect their individual wages. This
is why we consider a 10% sample of employees under
30 years of age who have just completed vocational train-
ing. Our homogeneous sample consists of about 350,000
individuals.

Although wage data is highly reliable, we drop a few
outlier cases with exceptionally low or high wages. As we
focus only on young individuals, their wages are below
a specific social-security contribution threshold, and we
do not have to impute truncated wages. Occupations are
grouped into 54 distinct occupational fields based on the
German classification of occupations (KIdB-88) at the
3-digit level. This classification considers within-occu-
pation mobility, such that lower mobility rates between
occupations are included.

Because we consider the wage growth of the individuals
between the first job and 10 years later, we only consider
individuals who are employed at both moments in time.
We are aware of the potential selection bias, especially
for not controlling for being unemployed or excluded!

! There are several reasons, why individuals may drop out from the data
basis: being self-employed, civil servant, on maternity leave, outmigration to
another country. We explore the selection issue more carefully in the robust-
ness section.
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10 years after the first job. Our final sample consists of
N = 316,711 individuals.

Our focus variables describe the economic condi-
tions of the occupation-specific regional labor market.
We assume more substantial individual wage growth in
occupations and regions where relatively few potential
workers are available to start a new job relative to the
number of employees. Therefore, the focus variable ue is
computed as the number of unemployed people divided
by the number of employees within an occupational field
and labor market region where an observed individual
started to work after finishing vocational training. In
addition, we compute the change, Aue, between the year
of starting the first job and 10 years later.

To account for alternative explanations, we control
for the occupation-specific regional labor market size to
measure Marshallian Externalities (Combes et al., 2004).
We also consider direct competition through the propor-
tion of academic employees (holding a university degree)
within an occupation and region to consider potential
substitutionary or complementary relationships between
apprenticeship and university-degree holders. In addi-
tion, the academics’ proportion controls for skill-biased-
technological-change (SBTC). If there is, for example, an
increase in labor demand caused by SBTC, then the num-
ber of university-degree holders increases. For a given
labor market size, fewer workers have passed vocational
training. The second group is our focus group, making
the labor market tighter from a vocational training per-
spective as their qualification level becomes scarcer. Fur-
thermore, we include firm-specific characteristics at the
entry time point and changes in characteristics such as
firm size, firm age, the share of human capital, proportion
of women, and foreigners within firms, while considering
different productivity levels. Firm controls are essential
determinants for wage differentials, as has been shown by
Brunow and Jost (2022) and Dostie et al. (2020). A list of
variables under consideration is provided in Appendix 1:
Table 4.

4 Methodical approach

Inspired by Mincer’s (1974) wage equation, we estimate
monthly log-wages 10 years after the apprenticeship
training through initial characteristics at the first job and
the changes in these attributes.

We now define and formalize the setup with a model.
Having the initial wage w? of an individual i entering the
labor market in year ¢ in a specific occupation o, firm
f, region r as well as industry s, we intend to model the

wage 10 years after, w'’, as

14
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(1)
Computing a wage growth measure as the dependent var-
iable requires controlling for not only initial conditions—
e.g., in the specification of the growth model from Solow
(1956)—but also for events occurring during the 10-year
transition period. According to the wage equation from
Mincer (1974), individual characteristics x? at the entry
time point as well as their changes Ax; = x!° — x? within
the 10 years explain the individual wage. Furthermore,
the vectors Z and AZ include control variables captur-
ing characteristics at all levels of the hierarchy, such as
the firm or the occupation-specific regional labor market
situation, and their respective 10-year changes. The focus
variables ue,, ,, and Aue,, o, represent the regional labor
market tightness (ue-ratio), which indicates the number
of unemployed compared to employed individuals within
the same occupation and region in the entry year and its
10-year time change, respectively, for individual i. This
addresses Hypothesis 1. An interaction effect of both
variables with occupational indicators takes occupation-
specific heterogeneity in slopes into account to address
Hypothesis 2. In addition, we control through dummy
variables for unobserved heterogeneity within an indi-
vidual’s occupation fi,,, region ., industry ji;, and entry
year [y,

The 10-year period is arbitrarily chosen. For
instance, collective agreements or payment schemes
may be foreseen and thus, bias our results. However,
such agreements usually exist within occupations and
industries, which we control and therefore take care of
between occupations and between industry variations.
Additionally, changes in individual wages are less
likely to occur instantaneously because of changes at
the aggregated labor market level. As a result, shorter
periods are likely to be less valid for analysis.

We assume no correlation between g; and logwl«10
and can therefore consistently estimate the param-
eter vector 1 = (xo, a1, B1, Y1, B2, Y25 B35 V3, Bas Vas - - - )T
by ordinary least-squares (OLS). Because the sam-
ple is relatively homogeneous with respect to age and
labor market experience, and the focus variable at the
occupational-regional level is likely to be uncorrelated
with individual wages, we treat the focus variable as
exogenous. An estimation of the model including the
occupation, region, time, and industry effects together
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Table 1 The effect of the occupation-specific labor market tightness on individual wages
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Baseline Full model
oLsS Ada LASSO oLsS Ada LASSO
(1) (2) (3) (4)
ue-ratio effect —0.256 (0.022) —0.276 —0.101 (0.032) —0.250
(0.015) (0.015)
A ue-ratio effect —0.215(0.015) —0.219 — 0.065 (0.048) —0.120
(0.014) 0.012)
Control variables Yes Yes Yes Yes
Occupation, region, industry, and time ~ Yes Yes Yes Yes
FE
Occupation # (ue and No No Yes Yes
Aue) interaction effects
N 316,711 316,711 316,711 316,711
Adj. R? 0.589 0.589 0.593 0.591
No. of variables 324 132 520 186
AlC 392,069.1 392,327.6 390,087.0 390,346.4
BIC 395,407.5 393,746.1 395,643.9 392,340.9

Dependent variable is the individual wage 10 years after labor market entry

OLS estimation: baseline model without occupation-specific interaction effects (Columns 1 and 2); full interaction model using occupation-specific interaction effects
for ue and Aue (Columns 3 and 4); adaptive LASSO estimates are reported in Columns 2 and 4, respectively

Most of the control variables are included after LASSO. Heteroscedasticity robust clustered standard errors at the level of region#occupation of the coefficients are in

parentheses

with the focus variable(s)—excluding all other informa-
tion—would indicate little correlation and thus endo-
geneity bias when the effects do not differ significantly.
This test was performed and showed the desired pat-
tern. Another argument supporting our assumption of
no correlation is the fact that we observe initial entry
wages w? that are by definition unaffected by autocor-
relation. To address the issue of different aggregation
levels (e.g., occupational, regional, industrial-specific,
etc.), standard errors are clustered at the regional-
occupational level.

Because of the sample size, variables tend to be signif-
icant. However, their explanatory power is potentially
low, and the influence is negligible from an economic
point of view, i.e., there are not just a few Euro-cent dif-
ferences in gross wages. Additionally, the variable set is
large, containing 628 variables with 291 binary varia-
bles, leading to typical collinearity problems during the
OLS estimation. Therefore, some groups of variables
tend to be statistically significant in separation, leading
to a potentially nonexistent economic interpretation,
but their joint power vanishes due to high correlation.
For these reasons, we use the adaptive Least Absolute
Shrinkage and Selection Operator (adaptive LASSO)
from Zou (2006) to shrink the dimension, avoid col-
linearity in the structural parameters, and identify only
those variables that offer explanatory power. A more
detailed description of LASSO is provided in Appendix

2. The LASSO procedure then offers the advantage of
reporting variables that turn out to be not just statis-
tically but also economically significant. By economic
significance, we mean a situation in which a change
in wages is more than a few Euro-cents caused by a
change in some explanatory variable.

In Hypothesis 3, we suspect that the ue-ratio affects
individual wages and thus the whole wage distribution
Fy,,, differently. For example, a changing labor market
situation might influence the demand for low-paid jobs
more than better-paid jobs and thus their wage growth
within an occupation. Unconditional quantile regression
is estimated to take this heterogeneity in the effects into
account (see Firpo et al. 2009). Details on the estimation
procedure can be found in Appendix 2.

5 Results

5.1 Does labor market tightness affect individual wages?
The estimated coeflicients for ue and Aue are presented
in Table 1. Column (1) shows the OLS estimates not con-
trolling for occupation-specific heterogeneity in slopes
(Hypothesis 1). Column 2 depicts consistent OLS esti-
mates of the model with the most important variables
selected by the adaptive LASSO approach. As can be
seen, the set of explanatory variables is reduced by almost
200 parameters. To address Hypothesis 2, Column (3)
shows the full model estimated with OLS, including 520
independent variables, and reports the selected model by
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using adaptive LASSO from Zou (2006) in Column (4).
The latter model contains only 186 regressors. This again
corresponds to a dimension reduction of two-thirds
without a loss in the model fit. Regarding construction,
the reduced model has fewer collinearity problems, par-
ticularly when considering interaction variables. The
estimated coefficients are more precise because regu-
larization has removed variables leading to the dras-
tic increase in the variance. In addition, the dimension
reduction serves as a kind of robustness check for the
coefficient’s significance. It is worth noting that almost
all control variables remain in the models after LASSO,
indicating the importance and explanatory power of the
economic theory-led characteristics. The reduction in
estimates is because of the exclusion of mainly regional
indicators. Thus, most regions have no specific effect.
Another drop relates to interaction effects, as we will dis-
cuss soon. All models can explain approximately 60% of
the variance. Because of the advantages of the LASSO,
these results will be interpreted, and the less precise esti-
mates of OLS are shown for comparison only.

The coefficients of the unemployment variables in
all model variations are negative and significant, as
expected. The elasticity of ue = —0.276 (Column 2) is
the mean effect over all occupations, which can be inter-
preted as follows: 1% of the decrease in the unemployed
to employed ratio within the region and occupation at the
first job would lead to an increase in log-wages of about
0.276% 10 years later. Considering Aue, a 1% reduction
in the wue-ratio in the first 10 years after entering the
labor market leads to an additional wage premium of
approximately 0.219%. Nijkamp and Poot (2005) report a
wage-curve elasticity of — 0.07, which is larger than our
findings. For the mean ue-ratio, an elasticity of — 0.033
results in our case.

The wage-curve literature estimates the elasticity using
current wage and unemployment levels (or lagged by one
year). However, we consider growth and current unem-
ployment’s effect on future wages. This is why we expect
lower elasticities, as current shocks/events typically
have fading effects. Estimates of the German wage curve
report smaller values (e.g., Baltagi et al. 2012). Interest-
ingly, the study of Baltagi et al. (2012) reports a long-run
elasticity of — 0.039, which perfectly aligns with our find-
ings. In addition, we consider young individuals who are
typically more flexible (see Axelrad et al. 2018) and there-
fore less likely to be affected by unemployment. Firms
decide in favor of younger people; thus, they have greater
bargaining power, especially if there is a labor shortage.
Therefore, the effect of unemployment on young people’s
wages is less pronounced.

Our results are pretty robust through all our specifica-
tions and support hypothesis:

S. Brunow et al.

H1: Labor market tightness positively affects individu-
als’ wages.

5.2 Differences between occupations

Since the first hypothesis is valid, we interact ue and Aue
with occupation dummies to test the second hypoth-
esis. The results are presented in Table 1, Columns 3
and 4, where the reported estimates relate to the refer-
ence group (“agricultural, husbandry,..”). To overcome
this disadvantage, the occupation-specific effects of the
OLS (bold black line) and adaptive LASSO (gray bars,
separated by STEM and non-STEM) estimation are visu-
alized in Fig. 2. Insignificant estimates in this and all pro-
ceeding figures take the value of the reference group for
both LASSO and OLS. In this and the following plots,
non-significant coefficients of the interaction variables
can be interpreted as profession-specific overall effects
of the same size as the reference group. Interestingly,
the point elasticities for most occupations are negative
and insignificant. Contradictory to theory, they become
positive only for healthcare-related rather than manual
occupations.

The LASSO algorithm does not have a specific feature
for dummy variables that belong together. When LASSO
decides to drop one variable, then it is excluded. Con-
cerning content, it means that this dummy variable is not
significantly different from the omitted reference group.
Especially when there is a meaningful order in dummy
variables (e.g., age groups) and some dummy drops out,
the results of LASSO may become arbitrary. We carefully
went through the set of included variables of LASSO and
compared it with the complete list of OLS estimates. A
disadvantageous selection did not appear. Roughly speak-
ing: when OLS estimates were insignificant, they were
usually selected by LASSO to be excluded (four vari-
ables). The interpretation does not change. Additionally,
three significant control variables were excluded, but
with content, they did not explain much when going
into a detailed analysis. This is a very important result,
as it shows the validity of the model and the specification
and the impact in reflecting the arguments to include
the factors. Thus, the LASSO algorithm mainly excludes
industry, region, and occupation dummy variables. Con-
cerning content, there is the “average” occupation, with
“standard” effects and some occupations where we sig-
nificantly differ from the “norm” These occupations are
highlighted in the figures.

Focusing on the most negative effects shows a clear
tendency towards relatively higher wage growth in
STEM-oriented occupations, especially in mechatronics,
energy electronics, and electricity but also in vehicle and
aircraft construction. These occupations cover relevant
tasks in innovative processes and drivers of technological
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-1.5

Administrative occupations in the public sector

Advertising specialists

Agriculture, husbandry, forestry, horticulture

Artists and musicians

Auxiliary office occupations, telephone operators

Bakers, pastry cooks, production of confectionary goods

Body care occupations

Building caretakers

Butchers

Chemists, physicists, scientists

Cleaning and disposal occupations

Commercial office occupations
Construction occupations, wood and plastics...

Cooks

Designers, photographers, advertising creators

Engineers

Goods examiners, Packagers, despatchers

Hotel and restaurant occupations, housekeeping

IT professions
Journalists, librarians, translators, related academic...

Legal occupations

Managing directors, auditors, management consultants

Medical and health care occupations with medical licence
Medical and health care occupations without medical...

Metal productions and processing
Metal, plant, and sheet metal construction, installation,...

Miners and mineral extraction workers

Occupations in aircraft and ship operation

Occupations in finance and accounting

Occupations in insurance and financial services

Occupations in mechanics and tool making
Occupations in mechatronics, energy electronics and...

Occupations in plastic and chemistry -making and...
Occupations in production and processing of glass- and...

Occupations in security

Occupations in spinning and rope-making

Occupations in wholesale and retail
Other commercial occupations (not including...

Packers, warehouse operatives, transport processors

Paper manufacture, paper processing, printing

Personal protection, guards

Precision engineering and related occupations
Production of beverages, foods and tobaco, other...

Sales occupations (retail)

Social occupations

Specialist skilled technicians

Surveying and mapping

Teaching occupations
Technical draughtsmen/draughtswomen, related...

Technicians

Textile processing, leather manufacture

Transport occupations

Unskilled workers
Vehicle and aircraft construction, maintenance...

15 2.5

LASSO: non-STEM
occ.
E LASSO: STEM occ.

o

| 58

Fig. 2 Occupation-specific estimates of the ue-ratio on individual wages (sorted alphabetically)

change. For instance, mechatronics is a good example of
the shift from “pure” mechanics to the combination of
mechanics, electronics, and Al techniques. However, for
the other STEM occupations, the effect is comparable to

the other non-STEM occupations. Still, wages react most
sensitively, especially in professions where a shortage is
claimed. Therefore, employers respond to the shortage
and indeed pay relatively higher wages when the labor
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market is tighter. In most cases, we confirm the negative
effect of labor market tightness. “Health care occupa-
tions without a license to practice medicine” (e.g., nurses,
geriatric nurses, etc.) are exceptions. The ue interaction
coefficient is positive, significant, and very robust. The
reasons for the unusual positive effect could be political
interventions and the general demand for more health
care due to the expected “Demographic change” and spe-
cific regulations regarding the health care system fund-
ing so that the suggested market mechanisms are not at
work. In Germany, the health care system is organized
in such a way as to prevent a “two-classes-health-care-
sector”: one class for those who cannot afford to pay for
health care and the other class for those who can. For this
reason, responsible central organizations, from health
insurance companies to medical associations, negotiate
fixed prices for medical treatments at the federal level.
Thus, prices are aligned all over Germany with few state-
level exceptions. Consequently, each medical treatment
achieves the negotiated price; from this income, all costs
must be covered. These costs cover wages but also other
expenditures such as those for rent. Thus, because of the
fixed prices, wages cannot react the way they do in a free
market economy. Another regulation affects the number
of doctors in a region. This is also regulated and mainly
depends on the number of inhabitants in a region. How-
ever, existing medical associations decide whether there
are sufficient “customers” to allow for another doctor to
operate in that particular region. Thus, the number of
“firms” is also regulated.

Figure 3 visualizes the effect on wages of the 10-year
change in the tightness measure Aue,, ,,. The picture
clearly shows the market reaction in health-related occu-
pations, where wage growth is higher compared to other
occupations. These occupations have been claimed to
be the “missing” ones in Germany, and thus the market
reacts. The Aue effect is still existing for some STEM
occupations. In general, we can see that wages rose above
average in all occupations when the labor market became
relatively tighter because a significant effect is esti-
mated for all occupations. Thus, our results suggest that
employers react to labor market tightness and pay some-
what higher wages. The results are in favor of Hypothesis
2.

Worth mentioning is that not necessarily every vari-
able chosen by the LASSO is significant, although some
relationship between the ¢-test and shrinkage estima-
tion in the simplest form can be made. The effect does
not significantly vary relative to the reference group for
either the ue-ratio or its 10-year change. This is not asso-
ciated with the losses in information and interpretation
but with a gain in efficiency and preciseness. The LASSO
results identify occupations where a deviation from the

S. Brunow et al.

general trend occurs and are therefore superior to the
reported OLS.

5.3 Cost of tightness

Employers react to labor market tightness and pay
higher wages when a shortage occurs. What does
it mean in Euros? We take the occupation-specific
median gross-monthly income and the distribution of
the occupation-specific unemployment rate (centered
at its occupation-specific average). We can compute
the hypothetical wage increase for each occupation
as shown in Fig. 4 based on model (4) of Table 1. For
instance, consider an individual employed within the
“Occupations in mechatronics, energy electronics and
electrical...” in a region where the occupation-specific
unemployment was relatively high while the individual
was entering the labor market, i.e., at the 95th percen-
tile of the entire distribution within this occupation.
This individual will earn about €1,500. A person enter-
ing a region with hardly any unemployment in that
occupation (5th percentile) enjoys a wage of €1,726,
thus, about €226 more compared to a person working
in a region with high unemployment (95th percentile).
Again, in STEM occupations and some health-related
occupations, wages react more sensitively the higher
the shortage is when entering the labor market. The
picture is inverted for the three occupations at the bot-
tom of the table, which contradicts the theory—these
are mainly healthcare-related occupations, as discussed
in the previous section.

We now consider the change in labor market tight-
ness and present the potential change in income due
to relaxation or intensification at the regional-occu-
pational level. The results are visualized in Fig. 5. For
instance, in “Occupations in mechatronics, energy
electronics and electrical..” with no change in the ue-
ratio within the 10 years, there is zero additional wage
growth (= zero line). However, when there is, for exam-
ple, a sharp increase in unemployment (95%) such that
the wue-ratio becomes more prominent, we observe
a negative effect on wages of about €-72 relative to a
region where no changes occurred. On the other side,
when there is a relative reduction in unemployment
(5%), such that the ue-ratio indicates a tighter situation
(fewer unemployed individuals for each employed),
employers pay about €45 higher wages relative to the
zero line. This gives a wage range of €117, given the
worst to best-performing regions within these occupa-
tions. Interestingly, here wage growth is not necessar-
ily a STEM-related issue. However, it is worth noting
that the ue-ratio does not vary that much within STEM
occupations, and the regional range within each occu-
pation is also smaller.



Labor market tightness and individual wage growth: evidence from Germany

Page 9 of 21

Administrative occupations in the public sector
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Production of beverages, foods and tobaco, other...
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Vehicle and aircraft construction, maintenance...
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Fig. 3 Occupation-specific estimates of the growth of the ue-ratio on individual wages, sorted as in Fig. 2
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Fig. 4 Costs of Tightness (entry conditions of the ue-ratio)
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Fig. 5 Costs of tightness (10-year change in the ue-ratio)
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Table 2 Results of the Quantile Regression according to Firpo et al. (2009)

S. Brunow et al.

Evaluation of the wage distribution at the...

25th percentile

50th percentile

75th percentile

oLS LASSO oLS LASSO oLsS LASSO
ue ratio effect — 0301 — 031 —0.021 —0.099 0.101 —0.0Mm
(0.083) (0.032) (0.034) (0.018) (0.022) (0.010)
Aue-ratio effect —0.240 —0.277 —0.031 —0.105 0.028 n.s
(0.088) (0.030) (0.024) (0.012) (0.013)
Interaction Yes Yes Yes Yes Yes Yes
Control variables Yes Yes Yes Yes Yes Yes
N 320,006 320,006 320,006 320,006 320,006 320,006
Adj. R? 0446 0.445 0452 0451 0.386 0.385
AlC 695,379.6 695,767.8 357,553.0 357,772.8 429,077 4 429,262.4
BIC 700,941.9 697,721.6 363,1153 360,569.9 434,639.6 431,974.1

Interaction model with occupational heterogeneity
n.s. not selected by LASSO

Heteroscedasticity robust clustered standard errors at the level of region#occupation of the coefficients are in parentheses

Our results on occupation-specific effects are pretty
robust through all our specifications outlined and based
on models estimated in the robustness Sect. 5.5. We can
therefore support our second hypothesis:

H2: The effects of labor market tightness differ between
occupations.

5.4 Differences between the quantiles of the wage
distribution

We have presented evidence of tightness effects on aver-
age wages. However, each occupation has substantial
wage variations. These variations result not just because
of within-variations arising from aggregating 3-digit
occupations into the occupational fields but also because
of unobserved individual heterogeneity, among others.
The ultimate question arises: Are there different effects
on the log-wage quantiles through the changing labor
market situations, as stated in Hypothesis 3? In layman’s
terms, do potentially more productive workers benefit
more from tighter labor markets? Answering these ques-
tions, we estimate different quantile levels of the log
wages across all occupations by using the unconditional
quantile regression by Firpo et al. (2009). The independ-
ent variables for each quantile level T = {0.25,0.5,0.75}
are separately selected using adaptive LASSO for the
model that considers occupational parameter heteroge-
neity as in Sect. 4 (see Figs. 6 and 7 for the ue-ratio and
Aue-ratio, respectively, and Table 2). For comparison
purposes, we also estimate the different quantile levels
of the log-wages through all 628 regressors (Columns
named OLS) and present them in the respective figures.
Again, the model fit values remain the same, although

almost two-thirds of the variables are dropped through
the adaptive LASSO.

Considering the 25th percentile of the wage distribu-
tion, i.e., relatively lower wages, there is for most occu-
pations a negative effect of the ue-ratio of about — 0.31.
Interestingly, the effect is not stronger for the rather
technical professions (i.e., STEM), indicating that lower-
paid jobs in these occupations do not benefit from tight-
ness above average. Wages react less strongly for the
workers with median income. The effect is about — 0.099
and reflects the previously reported mean estimates. For
the 75th percentile, the effect is less decisive. For most
occupations, the estimate is zero; thus, irrespective of
the degree of tightness, no additional wage premium on
a tighter situation is observed (see Fig. 6). However, the
strong negative impact for some occupations can still be
observed, mainly in technical occupations such as STEM.
Already mentioned exceptions, such as health-care occu-
pations, are also found in the quantile distribution.

The change in the wue-ratio also shows heterogeneity
between the quantiles of the wage distribution. Again,
the effect is stronger for the lower-paid jobs and insig-
nificant for the better-paid jobs. There are some occu-
pation-specific effects to observe (see Fig. 7), especially
social occupations and service occupations. One should
be careful in explaining results from Figs. 6 and 7, as for
some quantiles number of observations left for estima-
tion are pretty small, as reported in the figures.

In the years under consideration, unemployment
decreased steadily. Our results suggest that individuals,
particularly at the lower end of the wage distribution,
benefitted most from that positive development. The
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Table 3 Estimates of focus variables in robustness checks
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Model Row ue-ratio A ue-ratio No. Obs Adj. R?
b (s.e.) b (s.e.)
Baseline (1) —0.250 (0.0 —0.120 (0.012) 316,711 0.591
Men only (2) — 0305 (0.0 —0.132 (0.014) 177,008 0.562
Women only (3) —0.116 (0.035 —0.170 (0.046) 139,703 0.555
Educational degree (4) —0.262 (0.01 —0.127 (0.012) 275,342 0.587
No University option (5) —0.238 (0.01 —-0.118 (0.012) 224,050 0.582
No regional migration 6) —0.206 (0.01 —0.089 (0.012) 216,985 0.603
No migr., no STEM change (7) —0.194 (0.020 — 0.095 (0.014) 198,176 0.604
no STEM change 8) —0.238 (0.016 —0.122 (0.014) 285,613 0592
No reg. and no occ. Migr 9) —0.189 (0.02 —0.148 (0.020) 124,752 0.594
Only one employer (10) —0.008 (0.018 —0.055 (0.009) 316,711 0.636
Average firm wage 1n —0.170 (0.028 —0.122 (0.018) 256,233 0.602
CHK effects (12) —0.143 (0.025 —0.097 (0.029) 71,025 0.609

Each row represents one robustness check regression; cluster robust s.e. in parentheses

Including all control variables and occupation-specific interaction effects for the ue-ratio and A ue-ratio

wage reactions were stronger than those for the jobs at
the other end of the wage distribution. Thus, lower-paid
jobs became more attractive.

The derived results are in favor of Hypothesis 3:

H3: The effects of labor market tightness differ depend-
ing on the relative position of individual wages in the
entire wage distribution.

5.5 Robustness checks
We perform substantial robustness checks on the tight-
ness measure and on various subgroups of our sample,
such as men or women, as well as those with or without
educational degrees and with fewer mobility prospects.

We use the ratio of unemployed-to-employed peo-
ple within occupations to measure tightness; the ratio
of unemployed-to-number-of-vacancies is an alterna-
tive one (see Hershbein and Kahn 2018). By using the
IAB-Job-Vacancy Survey, we also employ the number of
vacancies. In this study, we are, unfortunately, limited to
the years 2007 and 2008, in which occupation-specific
data of some but not all occupations can be matched
uniquely. The data limitation permits the construc-
tion of the 10 years of changes in vacancies. The results
suggest no difference between the previously reported
(A)ue coeflicients, meaning that the ue variables capture
the labor market tightness situation very well. The (log)
vacancy coefficient is positive and significant, but with an
effect of 0.009, it is tiny. It confirms that higher wages are
expected if fewer unemployed people are available and
the number of vacancies increases.

As another robustness check, we consider entry-cohort
effects and estimate the model year by year to capture
still uncontrolled heterogeneity among cohorts and years.

The economic shock caused by the crisis in 2008/2009
and its policy and market reactions, for instance, may
contradict the usual market mechanism in the short run,
leading to high unemployment without any effect on
wages in the long run. The Social Codebook reforms in
2004 may have changed the behavior of individuals dur-
ing their life courses, and this, again, could impact the
wages of entry cohorts differently. As shown in Appendix
1: Fig. 8, however, the effects of the ue-ratio are relatively
stable over time and usually in the range of the joint esti-
mate (the blue line).

Heterogeneity among subgroups might influence the
effects, so we consider various subgroups. The results of
the slope-augmented regression model (after LASSO) are
presented row-by-row in Table 3 and only show the main
effects of the ue-ratio and Aue.

Row 1 of Table 3 contains the baseline model for com-
parison. We estimate the model for men and women sep-
arately (rows 2 and 3). The ue effect is stronger for men
than women due to the selectivity into gender-specific
occupations. However, for women, there is a significantly
higher estimate in Awue, indicating better labor market
development.

The decision of an individual having additional train-
ing and/or changing a job and/or being regionally mobile
can be driven by insufficient wages or expected positive
career paths, which lead to a potential endogeneity prob-
lem. For instance, people are more likely to move when a
job offer in another region is sufficient to cover all mon-
etary and non-monetary costs. Thus, we observe higher
wage growth. But this decision is made under the con-
dition of income growth. For this reason, we only con-
sider individuals with reduced regional and occupational
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mobility and/or fewer options for individual develop-
ment within the 10 years (e.g., no option to study because
of the educational level attained). We, therefore, consider
more homogenous subsamples. Row 4 shows the results
by limiting the original sample to individuals with a valid
school-leaving certificate and completed vocational
training. These individuals cannot enjoy higher wage
growth than individuals without a degree because the
latter still have the open option to obtain formal quali-
fications within the 10-year employment period. Indi-
viduals holding a secondary school-leaving qualification
have no option to attend a university. They are, therefore,
less flexible in the labor market as they have no “outside
option” (see row 5). In both cases, the differences from
the initial results are hardly visible, and the main findings
hold.

Higher wage expectations can drive regional mobility;
therefore, we exclude all regionally mobile individuals
(row 6). Furthermore, we consider individuals who did
not change from a typical STEM to a non-STEM occupa-
tion and vice versa (row 8) and joint regional and STEM
mobility (row 7) to account for potential income growth
perspectives and job mobility. The results hardly change
if we make the sample even more homogeneous by
excluding individuals who switched between occupations
and regions (row 9). We restrict the sample to employ-
ees who do not change employers as another source of
endogeneity driven by job-changing mobility during their
life course (row 10). The main (A)ue coefficients become
weaker in that case.

The results even hold if we augment the baseline
model of the full sample with potential endogenous
variables, i.e., average firm wages (and their changes)
in row 11 and Card-Heining-Kline firm effects (row
12), which capture all unobserved firm heterogeneity.
The main (A)ue coefficients become weaker, but the
conclusion remains the same.

To account for occupation-specific productivity
growth and technological change’s potential effects on
occupations’ relevance, we added year-specific occu-
pational indicators that absorb all-time trends within
occupations. Again, the results provide the same
conclusion.

Lastly, there is a selection bias issue, as we only
include individuals, which are employed in both
moments in time. Models, such as the Heckman
approach, need at least one variable, which relates to
the selection but not to the wage equation. Unfortu-
nately, all of the variables, we observe, are relevant in
the wage equation and thus, a Heckman procedure
cannot be applied. For this reason, we run a multi-
nomial logit model on the probability to be either
included after 10 years or to be unemployed, or to be
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missing in the data (self-employed, maternity leave,
civil servant, outmigration). The data set shows that
about 10% are unemployed 10 years later and another
20% have missing information. The multinomial logit
provides insights into the potential group specifics:

— The probability to be unemployed or being
“dropped out” reduces from year to year, which can
be explained by the general economic improve-
ment in the years under consideration.

— There are some region, industry, and occupation-
specific effects, which are, however, not too pro-
nounced, i.e. the effects are rather small in magni-
tude.

— Females, mothers, and foreigners are more likely
to be unemployed. Their propensity to drop out,
however, is even higher.

— Individuals without a school degree and who did
not successfully finish their apprenticeship, who
spent more time in occupational training and were
looking for the entry job relatively longer after
occupational training compared to others, and
those, who were of age less than 18 years when
entering the first job, have a significantly higher
propensity to be unemployed after 10 years. All
these characteristics indicate, that these individu-
als have potentially their difficulties in the labor
market and are therefore more affected by unem-
ployment.

— In contrast, those individuals, who dropped out,
are relatively better skilled, had a significantly
shorter occupational training period, and have—
compared to those, who are employed 10 years
later—a slightly longer search time between the
apprenticeship and the first job.

— With respect to our focus variables, we see that
an increase in the ue-ratio and a larger labor mar-
ket make it more likely to be unemployed and less
likely to drop out. However, disentangling the
effects by gender show, that an increase in the ue-
ratio does not explain a higher propensity to be
unemployed 10 years after entry for males but only
for females. For both genders holds: if the labor
market gets tighter (lower unemployment), the
propensity to drop out increases.

The data set comprises almost half-half males and
females. The propensity to become unemployed due to
changes in the U-E-ratio is not significant for males
and the effect is strong for females. It becomes more
likely for females drop out after 10 years (probably
because of maternity leave). The Multinomial Logit
results indicate that drop-outs belong to the better
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skilled individuals. It is thus to expect that the bias
in parameters is downward, as the better skilled indi-
viduals, which most likely would enjoy higher wage
growth, drop out.

To sum up, the strength of ue-ratio depends on the
occupations and subsamples, but the conclusion is
always the same: Because of the reduction in unem-
ployment in the past two decades, wages responded
and rose in the past. Wages of STEM occupations usu-
ally react more sensitively to labor market tightness,
indicating that technological progress associated with
higher labor demand puts additional pressure on that
field.

6 Concluding remarks

This paper investigates the ten-year wage development
of young employees who had finished vocational train-
ing and started their first job and focuses on the effect
of regional occupation-specific labor market tight-
ness on individuals’ wage growth. The underlying eco-
nomic mechanism is that a workforce shortage affects
wages positively if the labor demand remains constant
or rises. Especially young individuals, who become rel-
atively scarce in the future because of the population
change, would benefit in tighter occupations. To verify
this hypothesis, we measure labor market tightness by
using the ratio of unemployed to employed people, ue
-ratio, on occupational and regional levels. Then, we
look for a tightness effect on the individual wages for
54 different occupational fields.

Therefore, the individual employment biographies
(IEB) data are collected, including information on
individuals before they enter the labor market during
vocational training and the first 10 years after start-
ing their first job. In addition, we match data with
firm and labor market characteristics to the data on
individuals and receive a linked employee-employer
data set. Since we run a regression model with more
than 628 independent variables, a variable selection
by the adaptive LASSO approach from Zou (2006) is
applied. The selected model is quite robust. The two
focus variables, namely the ue-ratio at the first job and
its change during the first 10 years after entering the
labor market, show the expected negative signs.

The results indicate rising log wages when the labor
supply becomes tighter. This effect varies between
occupations and is stronger for some occupations,
such as several engineer groups, technicians, IT, and
commercial occupations. Thus, some typical STEM
occupations have above-average benefits from labor
market tightness. The results indicate a wage premium
of up to 262€ within occupations in tight labor mar-
kets relative to a region with a “relaxed” labor market.
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Additionally, the change in the 10 years in labor mar-
ket tightness matters and wage premia up to 270€ can
be achieved. Thus, employers react to labor market
tightness and pay substantially higher wages. Run-
ning an unconditional quantile regression, different
effects in the lower (poor) and the upper (rich) quan-
tiles become visible. Interestingly, the effect seems to
reverse for employees in sales and especially health-
care occupations. The unusual positive effect could
be political interventions and specific regulations
regarding the health care system funding so that the
suggested market mechanisms are not at work. These
occupations need further investigation, which is not
possible given our data.

To conclude, labor market tightness affects the
individual wages of young individuals. Its strength
depends on the occupations (and subsamples), but the
conclusion is always the same: Because of the reduc-
tion in unemployment in the past two decades, wages
reacted and rose in the past. Wages of STEM occupa-
tions usually respond more sensitively to labor mar-
ket tightness, indicating that technological progress
associated with higher labor demand puts additional
pressure on that field. Individuals at the lower end
of the wage distribution benefit relatively more from
tightness.

Our results have important implications for the
occupational choice of young individuals. Because of
the competition for young individuals associated with
higher wage growth, incentives for young individuals
to choose such occupations are set. Especially STEM
occupations favor this development, and thus, a struc-
tural change occurs. This development has costs:
lower-paid occupations may face problems recruiting
young labor. Suppose there is still a high demand for
the products and services behind such occupations
and no technical substitution possibility, at least in the
mid- and long-run. In that case, immigration incen-
tives should focus on all occupations to guarantee
a sufficient stock of labor in all fields to compensate
for the shrinkage of the entire workforce. For young
individuals, our results suggest that a relative labor
shortage in specific occupations and regions may lead
to higher future wages and that occupational choice
should take these implications into account besides
individual interests and capabilities (see Table 4,
Fig. 8).

Appendix 1
See Table 4 and Fig. 8.
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Table 4 Description of the independent variables

Regressors Range

Individual characteristics

Age

Gender

Mother

Foreigner

School-leaving qualification

Additional qualification
Duration of the vocational training

Period of time between the finishing of the occu-
pational training and the start of the first job

Log (wage)
Full- and part-time

Individual mobility
Switching from STEM to non-STEM and vice versa

Upgrade/downgrade

Change the employer

Enforced firm change due to firm closure
Regional migration

(log) Distance of regional migration

Migration from East to West Germany
Unemployment periods >3 month
Additional firms

Duration in employment

Firm characteristics

Firm age

Log (firm size)

Share of women in the firm

Share of foreigners in the firm

Share of human capital

Average firm wage

CHK effects

Occupation and regional characteristics
Labor market size

Academic competitors

ue-ratio

Labor market dummies

Binary; classification: 15 to < 18 years, 18 to <21 years, 21 to < 24 years, 24 to < 27 years and 27 to
30 years

Binary; male and female
Binary; whether a woman interrupts her job for child care within the 10 years of observation time
Binary; individual did not have a German passport

Binary; no degree, lower secondary education (Hauptschule), secondary education (Mittlere
Reife), higher education (Abitur)

Binary; Master craftsman or university degree; interacted with school-leaving qualification
Binary; 3—-4 years, 4 and more years
Binary; 0> duration > 3-month, 3-month < duration < 1 year; duration > 1 year

Metric; log (average net wage per day) at the first job

Binary; individual works full- (part-) time at the first job and 10 years later changes from full- to
part-time and vice versa

Binary; whether an individual switched from a STEM to a non-STEM occupation and vice versa,
classification from the German Federal Employment Agency (KIdB 88-3 digit)

Two discrete, ordinate variables; occupations are ranked with respect to their wages at the first
job and 10 years after

Binary; changing the employer after the vocational training for the first job; changing the
employer between the first job and 10 years later

Binary; whether an individual becomes unemployed due to the closure of the first employer’s
firm

Binary; whether individual moves to another labor market within the 10 years; additional interac-
tion with STEM dummy

Metric; (log) distance of the labor market migration between the first job and 10 years later in km
(interacted with regional migration dummy)

Binary; migration from former East Germany to West Germany

Discrete; the number of unemployment periods with > 3-month duration within the 10 years
Binary; an additional number of firms (from 1, 2, 3,4, and 5 4) where individuals worked within
the 10 years

Metric, discrete; total number of days in employment (independent from employer) of individual
i within the 10 years

Binary; whether the firm is up to <5 years old

Metric; log (number of employees in the firm) at the first job

Metric; at the first job

Metric; additional for robustness check; not in the baseline model
Metric; the proportion of experts and specialists among all employees
Metric; additional for robustness check

Card-Heining-Klein firm fixed effects (for robustness checks)

Metric; log (number of employees in the occupational field and region of individual /) and inter-
acted with an occupation dummy; both for time point t and the growth between t and t + 10 of
individual i

numberofemployeesholdingauniversitydegree

Metnc; K numberofa//emp/oi/ees X o X X i
in the occupational field and Tabor market region of individual i and interacted with an occupa-

tion dummy; both for time point t and the growth between t and t + 10 of individual /

. _unemployedpeople
Metric; employedpeople

5 o) . o . . . .
in the occupation field and labor market region of individual i and interacted with an occupation
dummy; both for time point t and the growth between t andt + 10

Binary variables; Labor market regions, according to Eckey et al. (2006)
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Table 4 (continued)
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Regressors Range

Cluster heterogeneity and fixed effects
Industry—Dummies Binary variables

Time—Dummies Binary variables
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Fig. 8 Year-by-year (red) and the overall (blue) mean estimation of the ue and Aue coefficients using models selected by adaptive LASSO, including
the 95%Cl
Appendix 2 (see Meinshausen and Bithlmann 2006; Fan and Li 2001).

For simplification purposes, all variables in (1) are put
together in z/ with a parameter vector r:

logw;” =z/n+ & ©)

The idea is to penalize the parameters of RHS-variables
(1), which hardly influence the LHS-variable Iogwiw, and
push them down to zero. The aim is to obtain a simpler
model that does not include rather irrelevant variables.
It should help to improve the forecast accuracy and
the interpretability of the models. The default LASSO
approach by Tibshirani (1996) results in the LASSO coef-
ficient vector

2
P P
~k : 10 1
1" = argmin,. logw;” — Zzpnp + AZ ‘np|.
p=1 r=1

®3)
Thereby 4 > 0 is the penalty coefficient, which is found
by cross-validation, and p denotes a specific explana-
tory variable in the model. However, the LASSO variable
selection can be inconsistent under certain conditions

For that reason, Zou (2006) augmented the penalty term
through different weights for different coefficients. This
yields

2
P
;’\*AD Zargminn*AD IOgWim - Zzpr)p
p=1
P
+ Z T AD [1p].
P @

with y*AD > 0and 4 > 0. The data-driven weights should
ensure the so-called oracle properties, see Zou (2006).

Since the resulting LASSO coefficient vector 7*4P
is biased, we estimate the reduced model after the
variable selection by OLS and compare the estimated
coefficients of the main variables; this is in line with
Chernozhukov et al. (2015).

For the quantile regression approach, we estimate
the distribution F,10 of w!® through the unconditional
quantile regression method by Firpo et al. (2009). The
approach is based on the concept of sample quantile
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g. added to the influence function IF(w'%;q.,F,10)
of this quantile of the wage growth for a specific
levelr = {0.10,0.25, 0.50,0.75, 0.90}:

T — I{w10 < qT}
fWIO(Qr)

where Wy 10 is the unconditional  quantile, which is called
the recentered influence function, and I {wlo < qr} is
the indicator function. The density f,,10(q;) depends on
q- and is estimated in our study using a kernel density
estimator with the Gaussian kernel. We regress a set of
variables z; against w 10. The coefficient vector n depend-
ing on t can be simply estimated via OLS. Compared
with the more traditional conditional quantile regres-
sion method by Koenker (2005), the estimation takes
place in one step. Since the model is estimated via OLS,
no particular assumptions for the error term vector ¢; are
needed. There are no convergence problems. In addition,
the marginal effect of a change in the distribution of z; on
the marginal quantiles of wl® is directly readable through
the coefficients 7. For further information, see Firpo et al.
(2009) and Borah and Basu (2013).

W10 = qr + =zIn(x)+%, (5)
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