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Abstract

Recently, in most developed economies, the average age of the workforce has
been growing rapidly. Therefore, the questions arise how will it affect the level
of wages and the shape of age-productivity and age-wage profiles.
The aim of the paper is to analyse the relationship between changes in the age
structure of the employment and wages of individuals in minor occupational
groups. Using individual data from the Structure of Earnings Survey in
Poland in 2006-2014 we created an unique database of individual wages and
the characteristics of employed in occupational groups at 3-digit level of
classification. In our analysis we used an extended version of Mincerian wage
model where both the characteristics of employees (education, work tenure, age,
gender, and type of employment contract) and employers (size and ownership
sector) were taken into account.
The results for the whole sample indicate a significant and negative relationship
between the proportion of older workers in employment in a given occupational
group and individual wages. However, when the analyses were performed
separately for each of the 1-digit occupational groups, the results varied
significantly. In those groups where knowledge and qualifications of employees
are more important than physical strength had to be updated permanently, an
increase in the number of the older workers raises the average wages.

Keywords: employment structure, workforce aging, wages, occupational
groups, Mincer-type wage equation

JEL Classification: J24, J31, J14

∗University of Warsaw; e-mail: paulina.broniatowska@gmail.com; ORCID: 0000-0002-4919-9191
†University of Lodz; e-mail: aleksandra.majchrowska@uni.lodz.pl; ORCID: 0000-0002-9759-0830
‡University of Warsaw; e-mail: nasinski.maciej@gmail.com; ORCID: 0000-0001-5236-8040

227 P. Broniatowska et al.
CEJEME 12: 227-250 (2020)



Paulina Broniatowska, Aleksandra Majchrowska, Maciej Nasiński

1 Introduction
Recently in most developed economies the average age of the workforce has been
growing rapidly. Declining fertility rates along with increasing life expectancy have
inevitably led to rising percentage of older people in the total population and to
aging of the workforce. The aim of our paper is to answer the question: how changes
in the age structure of employment affect the level of individual wages.
Empirical evidence in this area is not straightforward. According to the economic
theory, wages should reflect the level of individual’ productivity. Although most
empirical studies conclude that the workers’ productivity peaks around the ages
of 30-45 and starts to visibly decline around the age of 50, some find no decrease
in productivity levels as the employees get older. The research studies show that
potential decrease in the employees’ productivity levels depends on several factors
including the sector that they work in, their individual tasks as well as human
capital, and learning abilities. Although it has been proved beyond doubt that
physical performance declines with age, for mental performance there have been
mixed results. Despite the vast literature available on the relationship between age
and productivity, relatively less attention has been devoted to studying the impact
of the changes in the age structure of the workforce on individual wages. This paper
aims to fill in this gap.
We add to the literature by modifying the usual approach: we analyse not only the
relation between worker’s own productivity (measured by both the workers’ and
employers’ characteristics) and wages but also the relation between age structure
of the employment in a worker’s occupational group and his wage. Our main
hypothesis is as follows. The effect of workforce aging on wages of individuals
depends on the type of the work performed. In those occupational groups that
require constant investment in human capital, the salaries grow with growing share
of older employees (ceteris paribus). Consequently, in those occupational groups
where formal qualifications are not as important as physical strength, productivity
decreases with age, implying an overall decrease in individual’ wages with growing
share of older employees (ceteris paribus). Overall effect on average wage level in the
economy will then depend on the employment structure.
To prove these hypotheses, we use individual data from the Structure of Earnings
survey database for Poland. The time period covers the years 2006-2014. To
the traditional augmented Mincerian type wage equation we add a variable
which shows the age structure of workers in a given occupational group. We
take advantage of a huge number of observations in the database and we are
able to analyse the employment structure on the 3-digit level of classification.
(According to the International Standard Classification of Occupations ISCO-08,
see: https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/
---publ/documents/publication/wcms_172572.pdf). We use the share of workers
ages 55 and more in employment in a given occupational group as our variable of
interest. With this approach we are able to answer the question how aging of the
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workforce in a given minor occupational groups affects the individual’ earnings. Due
to our best knowledge it is the first study of a kind.
In favour of choosing Poland as an example in our study speak several facts.
Firstly, Poland is a big country covering 35% of total labour force of the new
member countries of the European Union (EU). Secondly, we can observe significant
changes in the age structure of the workforce and therefore in employment.
The path of aging in Poland is one of the highest among European countries:
OECD forecasts shows that in 2050 the old-age dependency ratio in Poland
at 60.8% will be much higher than OECD average (53.2%). (OECD (2017)
Pensions at a glance; https://www.oecd-ilibrary.org/docserver/pension_
glance-2017-22-en.pdf?expires=1580297630&id=id&accname=guest&checksum=
B7A4C470D48116DA18976A33A7F10EED). Thirdly, changes in the age structure of
workers are not even across occupational groups. In 2014 the share of workers aged
55 and more varied among 3-digit occupational groups between 5 and 40%. Among
the occupational groups with the highest median age, there are both elementary
occupations as well as managers and sales workers (see Appendix A).
Our results are interesting not only from the labour market participants point of
view but also for the policymakers dealing with the problem of population ageing.
For the whole sample, the relationship between individual wages and the share of
older workers in a given occupational group is significant and negative. Therefore,
on average aging of the workforce has a negative effect on individual wages ceteris
paribus.
The structure of the paper is as follows: Section 1 provides the introduction. Section
2 presents the main findings on the relationship between age and wages provided
by the literature. Section 3 describes the data. Section 4 contains a description of
the empirical approach used for this paper. And lastly, Section 5 presents empirical
results, while Section 6 concludes.

2 Aging and wages: theory and empirical evidence
On the individual level, wage is a function of different workers’ characteristics.
Among them, the literature often mentions productivity, often approximated with
age. Therefore, a simple way to assess the relation between age and wage is to
compare age-productivity and age-wages profiles. Mincer (1974), who conducted one
of the first extensive analyses of age-wage profiles, concluded that older workers can
earn more even if they spend less time investing in human capital since they earn
the returns to earlier investments.
Since the early 1970s and the introduction of works by Mincer (1974) and Hurd
(1971) the ‘inverse-U’ shape of the age-wage profile is taken for granted. Using this
approach, most of the empirical studies prove that in the developed economies the
workers’ productivity is the highest around the ages of 30-45 and starts to visibly
decline around the age of 50 (see e.g. Cataldi et al. 2011; Göbel and Zwick 2009;
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Skirbekk 2008). Nevertheless, as workers age, their skills depreciate at different
paces. Lis and Magda (2014) point out that although effectiveness of investments
in human capital decreases sharply over time, the decline in productivity could be
offset by educational investments as employees get older. Lovász and Rigó (2013)
prove that in Hungary the age-related gap in productivity levels is higher among
skilled workers. There is also evidence in the literature that the rate at which human
capital and skills depreciate (and thus productivity declines) is constantly increasing
due to the skills-biased technological changes (Börsch-Supan et al. 2005; Bertschek
and Meyer 2009).
While empirical research indeed proves that the age-wage profile mirrors to some
extent the upward sloping age-productivity profile (see eg. Hellerstein and Neumark
1995 for Israeli data), there are some differences in the shape of both functions.
Dostie (2006), using linked employer-employee data for Canada, found that although
both wage and productivity profiles are concave, for workers aged 55 and above
productivity is diminishing faster than wages. In order to explain this difference,
Mitchell et al. (1990) suggest that in some areas, older workers may have abilities
that are relatively superior to those of younger workers and their experience could
compensate for their declining productivity.
This hypothesis seems to hold as the potential decrease in productivity with age
varies among different groups of workers. It depends on the sectors they work in,
their tasks, and their human capital. Although it has been established that physical
performance declines with age, there are varying results for mental performance
(Bazen and Charni 2015; Ng and Feldman 2008; Sturman 2003). Van Ours (2009)
analysed the productivity of blue-collar workers (using professional runner as an
example) and white-collar workers (where as a measure of productivity, he took the
number of publications in economic journals) in the US. He proved that in the case of
blue-collar workers, productivity decreases significantly after the age of 40. However,
in the case of white-collar workers, he did not confirm a similar dependence, even for
people aged 50 and above.
On the other hand, Cardoso et al. (2010), who show age productivity profiles for the
Portuguese manufacturing and services sectors, state that that while productivity
increases until the age range of 50-54, wages have already peaked around the ages
of 40-44. As a result, the average contribution of older employees to firm-level
productivity may even exceed their contribution to the wage bill.
The fact that different studies have contradictory results may be justified by
difference in occupational structure of the analysed samples. The discrepancies
between the results of the age-wage profile analyses may – to some extent – stem from
the fact that in different occupational groups, productivity peaks at different ages
and it decreases in different pace. In fact, in the aforementioned work, Cardoso et al.
(2010) show that productivity of older workers is indeed slightly higher in services
than in manufacturing. Van Ours and Stoeldraijer (2011) and Lallemand and Rycx
(2009) analysed age-productivity profiles in different group of sectors, which in some
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way similar to our approach. Their results also confirm that the impact of aging
on wages may vary over different occupational groups. In particular, Van Ours and
Stoeldraijer (2011) show separate age productivity profiles for the following sectors in
the Netherlands: construction, wholesale trade, retail trade, commercial services, and
manufacturing. In their work, they point to clear differences in the age-productivity
patterns between these sectors – while for manufacturing value added increases until
the age group 50-56, for other sectors the age-productivity patterns are flat. Similar
results obtain Aubert and Crépon (2006), who separately consider the impact of
age groups on productivity for the French manufacturing, trading, and services
sectors. They stress that while in all sectors relative productivity increases until
age 35, after this age, older workers’ productivity changes depending on the sector.
In manufacturing, there is no statistically significant difference in productivity
between the age group 35-39 and older workers. In trading, workers aged 40-59 are
significantly more productive, whereas in services only workers aged 45-54 are more
productive than younger workers.
The hitherto literature suggests that in the occupational groups that require constant
investment in terms of human capital, skills and experience increase with age.
Therefore, salaries should grow. On the other hand, in the groups where formal
qualifications are not as important as physical strength, productivity decreases with
age, causing a decrease in wages as well. The problem of declining productivity
in manufacturing and mining industry was tackled by Mahlberg et al. (2008),
who found that the lower productivity of the aged workers occurs in relation to
plant-specific lower productivity because older workers are more often employed in
firms with older technologies. After controlling the firms’ fixed effects, a positive
relationship between productivity and the ratio of older employees is revealed. This
implies that in defining relation between the age of the workforce and wages not only
age effects, but also cohort effects may occur. Therefore we also try to distinguish
between age and cohort effects.
In emerging countries this topic has not been sufficiently studied so far, partly
because the problem of population ageing was not so prevalent as in developed
economies. Using data for Poland, Zgliczyński (2013) states that among workers
aged between 50 and 60, wages vary only slightly and for people older than 60
average wages increase clearly. He explains this fact with the self-selection of
employees – in this age group, only specific types of workers are economically active.
There are basically two types of older workers: those who are active on the labour
market because of the high salary and satisfaction from their work and those who
are forced to work due to the financial situation. Majchrowska and Roszkowska
(2014), however, argue that wages in Poland increase with age only to a certain
point, which confirms the decline in investment in human capital beyond a certain age.
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Discussing productivity and age, Veen (2008) distinguishes between occupations that
have an increasing productivity with age, occupations that are age neutral, and
occupations that have a declining productivity with age. We follow his approach
in this paper and analyse the relationship between the age structure of the workforce
and wages of individuals in particular occupational groups.
What is new in our paper comparing to the previous research is firstly that we analyse
not only the relation between worker’s own productivity (measured by both the
workers’ and employers’ characteristics) and his wages but also the relation between
age structure of the employment in a worker’s occupational group and his wage level.
Due to availability of huge database of individual data we are able to analyse the
impact of age structure of workers across the minor (3-digit) occupational groups. To
our best knowledge this kind of analyses were not performed before. Secondly, the
relation between age structure and wages has not been widely discussed in Poland
yet. As Poland is currently experiencing fast aging of the population (and hence of
the workforce), this topic seems to be of particular importance.

3 Data
We use individual data from five rounds of the Structure of Earnings survey conducted
by Statistics Poland. Time period covers the years from 2006 to 2014. The survey is
carried out with biennial frequency and includes national economic entities from both
the public and private sectors whose employees exceed nine persons. The database
includes both full- and part-time employees who worked for the entire month of
October in a given year.
The database contains information on the individuals’ wages and several personal
characteristics, such as gender, age, level of education, work tenure, and occupational
group. It also includes some employers’ characteristics, such as ownership sector, size
of the enterprise and its location, as well as the NACE section. These data allow us
to account, simultaneously, for both socio-demographic characteristics of employees
as well as firm heterogeneity, in explaining earnings.
An added advantage of the SES survey is the high reliability of its data related to
wages. Wages are not declared by the respondents but are reported by the accounting
departments along with the number of hours worked. Another advantage is the size
of the database. On average, between 2006 and 2014, the SES survey covered around
12% of the total number of Polish enterprises whose employees exceeded nine. In
a given year, the database contains around 600,000-700,000 of individuals. The
disadvantage of the SES database is that it covers only the entitles with at least
10 workers.
The aim of the study is to assess the relationship between the age structure of
the workforce and wages across minor occupational groups. Due to the changes
in classification of occupations in 2010 we had to standardise the structure of
occupational groups to achieve comparability of the results over the years (the
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actual classification of occupations used by the Central Statistical Office in Poland
is structured on the basis of the International Standard Classification of Occupations
(ISCO) as recommended by Eurostat to the EU countries. The structure of the former
classification was based on ISCO-88 and adapted to suit Polish conditions). Some
of the groups were merged and others split because of changes in the international
classification.
The actual Classification of Occupations and Specialities in Poland (COS) is
structured on the basis of the International Standard Classification of Occupations
(ISCO) as recommended by Eurostat to the EU countries. The classification of
occupations and specialities is a five-level, hierarchically systemised set of occupations
and specialities occurring in the labour market. It organises some occupations
(specialities) into gradually more aggregated groups and determines their symbols
and names. In 2010 the COS in Poland has been changed. For this reason, we had to
standardise the structure of occupational groups over the analysed period to achieve
comparability of results over the years. Some groups were merged and others split
because of changes in the international classification. A detailed key that was used
to rearrange the old classification into the new one, according to the aforementioned
change from 2010, is provided in Appendix B. After standardisation, we possess an
unique database of wages and characteristics of employed on 3-digit occupational level
which is well comparable over time.
The total number of observations in our sample comes from five rounds of the SES
survey and ranges around 5 million in which 3.5 million are the original data and
1.5 million come from the merging procedure (see Appendix B). The sample contains
workers from both public and private sectors, working full-time and part-time as
well as temporary workers and all persons with other forms of employment. The
latter decision is justified by the popularity of other forms of employment in Poland.
According to Eurostat, in the years 2006-2014, 27% of the total workforce worked
temporary (and in other forms of employment). Before starting the estimations we
made some adjustments in the data. Firstly, we included only employees between 15
and 65 years of age. The upper bound restriction comes from the official retirement
age. (In 2006-2012 the retirement age in Poland was set at 60 years old for women and
65 years for men. In 2013 a phased increase of the retirement age to 67 by 2020 for
men and by 2040 for women was introduced. The retirement age was then supposed to
increase by three months each year. Consequently, in the years 2013-2014 some of the
64 years old workers had to stay a few months longer at the labour market. For this
analysis we decided to set up the upper age bound at the age of 65 for both genders).
Secondly, in the database we do not have data on self-employed individuals. Therefore
in the analysis we excluded the sixth major occupational group (skilled agricultural,
forestry, and fishery workers) as it consists mostly of self-employed workers. All
removed observations constitute, however, less than 2% of the entire dataset.
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4 Empirical strategy
To estimate the relation between age structure of employment in a given occupational
group and individual wages we apply the extended Mincer equation. Our dependent
variable is the logarithm of real average hourly wage received by an individual. To
obtain the level of real wages, we deflate nominal wages by the consumer price index
(in constant 2006 prices).
As far as independent variables are concerned, we take the traditional set of variables
suggested by the literature for a Mincerian type models. We consider both the
characteristics of the employees and employers which are available in our database.
For the employees’ characteristics we use information about education, work tenure,
age, gender, working time, and type of employment contract. Moreover, we consider
the characteristics of employers: size of the employer, ownership sector, and the level
of wage negotiations prevailing in the firm where the worker is employed. In the next
paragraphs follows a discussion of these variables.
Firstly, as far as education is concerned, we divide the workers into three educational
levels: low education contains workers with primary education and lower, lower
secondary and basic vocational, medium education consists of workers with secondary
and post-secondary education, high education consists of workers with bachelor
degree and higher. According to the Mincer model we expect a positive correlation
between education level and individual’ wages.
Secondly, following Mincer, we account for the in-the-job investments in human
capital, which we approximate by the work experience. We define tenure as total
number of years spent working (the whole job experience, not only in the current
place). Following the Mincer (1974) model, we expect a positive correlation between
experience and wages up to some age, which we approximate by taking in equation
both the number of years of experience and its square.
Thirdly, as the main aim of the paper is to analyse the relation between age structure
of employees in a given occupational group and individual’ wages, we consider the
share of workers aged 55-65 in employment in given 3-digit occupational group.
This proportion was calculated for every year and for every of the 110 of the 3-digit
occupational group. According to our hypothesis the sign of the relationship between
the share of older workers in a given group and individual’ wages will depend on the
type of job performed. A high proportion of aged workers with low qualifications
should lower the average wages in a given occupational group and a high proportion
of well-educated older workers should increase the average wages.
In our model, we would like to disentangle age structure effects from the individual
effects of tenure, which may be particularly important against the background of
seniority wage schemes existing in the public sector in Poland (see also OECD
2014). Therefore, following Mahlberg et al. (2013), we introduce both variables (age
structure in a given group and tenure of the worker) into the model.
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Fourthly, in the model we introduce a dummy variable indicating gender of an
individual. Following the empirical evidence we expect lower wages for women ceteris
paribus.
Fifth, since we use in the model the average wage level without recalculation into
full-time jobs as a dependent variable, we have to control for the working time of
an individual. We introduce the variable ‘working_time’ which shows the working
time of individuals in months. (For example, 12 indicates the full-time worker, 6
indicates that the person is a part-time worker with half of the full-time number of
hours working). In some 3-digit level occupational groups the proportion of part-
time workers reaches 32% of the total employment. We expect the positive relation
between number of hours working and the individual’ wage level.
And sixth, we control for the presence of temporary and other ‘atypical’ form of
employment (henceforth: temporary). The proportion of temporary workers in
Poland is the highest among all EU countries and averages at 27% of the total
workforce (Eurostat data). It is also strongly diversified across occupational groups:
among managers, in 2014, only 10% were employed on limited duration contracts.
Among lower status employees, the proportion of workers working on limited duration
contracts reached even 50% of all employed (Eurostat data). We introduce dummy
variable ‘temporary’ indicating whether an individual is a permanent or temporary
worker. We expect lower individual’ wages in the case of temporary workers.
Moving to the employers’ characteristics, we observe that the average wages in big
firms in Poland are much higher than those in small and medium-sized enterprises.
The positive relationship between size of the firm and wage level is also well
documented in the literature. As a measure of the size of the employer we take
the logarithm of number of workers employed in the firm. We also control for
the ownership sector and introduced dummy variable indicating whether the firm
operates in public or in private sector. Statistical data indicate that in the cases of
some occupational groups, wages to a considerable extent depend on the type of the
ownership sector. For example, less educated workers receive higher wages in the
public sector as compared to the private sector.
Finally, we take into account the level of wage negotiations prevailing in the firm
where the worker is employed. We introduce a dummy variable taking the value 1 for
the case where negotiations are provided at the national or sectoral level, and 0 for
other possibilities (negotiations at the firm level or no wage agreements). We expect
that wages of individuals are higher in the former case. To control for wage differences
across different economic sections, we introduce also dummies for 18 NACE sections.
To control for wage growth in time we put also dummy variables for years.
We use an extended Mincer equation to estimate the relation between logarithmic
wages and the above-described explanatory variables. The analytical form of the
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estimated equation is as follows:

ln(wagei,j) = β0 + β1 edui,j + β2 tenurei,j + β3 tenure
2
i,j +

+ β4 share_5565j + β5 genderi,j + β6 working_timei,j +
+ β7 temporaryi,j + β8 ln(sizei,j) + β9 sectori,j + (1)
+ β10 negotiationsi,j + βm years+

+ βn

∑
sectionn,i,j + εi,j

where:

wagei,j – average real hourly gross wage level of an individual i working in minor
(3-digit) occupational group j (PLN; deflated by CPI, 2006=1),

edui,j – educational level of individual i working in minor occupational group j
(low_edu – primary education and lower, lower secondary and basic vocational,
medium_edu – secondary and post-secondary education, high_edu – with
bachelor degree and higher level of education),

tenurei,j – total work experience of an individual i working in minor occupational
group j (in years),

share_5565j – share of 55-65 years old workers in employment in a minor
occupational group j (%),

genderi,j – dummy variable indicating sex of an individual i working in minor
occupational group j (0 for male, 1 for female),

working_timei,j – lenght of the working time of an individual i working in minor
occupational group j (in months, where 12 is a full-time job),

temporaryi,j – dummy variable indicating whether an individual i working in minor
occupational group j is a permanent or temporary worker at time t (0 for
permanent, 1 for temporary and other form of employment),

sizei,j – size of the employer of an individual i working in minor occupational group
j (measured by the number of workers employed),

sectori,j – dummy variable indicating whether an individual i working in minor
occupational group j works in a public or private sector (0 for public, 1 for
private),

negotiationsi,j – dummy variable indicating the level of wage negotiations prevailing
in the firm where an individual i working in minor occupational group j is
employed (1 if negotiations are established at the sectoral or national level, 0
for other possibilities),
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sectionn,i,j – dummy variables for n NACE section in which an individual i working
in minor occupational group j works (18 dummies),

years – dummy variables for years (5 dummies),

εi,j is an error term.

Our estimating strategy is as follows. We start with an estimation of the parameters
of the above-presented equation for the entire sample of workers. We derive the
average value of elasticity of wages with respect to each of the explanatory variables.
In particular, we are able to receive the sign and strength of the relationship between
the proportion of workers aged between of 55-65 in a given occupational group and
wages of individuals working in this group.
Then, to verify our hypothesis we decided to allow the parameter β4 to vary across
major occupational groups (at 1-digit level). We receive then the information how
the relation between the share of aged workers and individual wages differ across
occupational groups. The parameters of equation (1) are estimated with least squares
method with standard errors clustered at the firm level and year. As far as the
potential endogeneity problem is concerned, Heckman (2003) underlines that the
current empirical debate on the importance of accounting for the endogeneity of
schooling is far from settled. Problem with finding good instruments appears in
particular in large datasets of individuals like the one the authors use in this paper.
Therefore, we decided to use least squares method with clustered standard errors
instead of IV method.

5 Empirical results
The estimated parameters of equation (1) for the entire sample of workers are shown
in Table 1. As expected, we can observe a significant and positive relation between
level of education of workers and their wages. Wages of workers with lower level
of education are significantly lower than wages of workers with baseline (tertiary)
education. There is also a positive relation between workers experience (tenure) and
wages up to some point of time, the relation between tenure and wages is inversed
U-shaped, in line with economic theory.
For the whole sample, the relationship between individual wages and the share of
older workers in a given occupational group is significant and negative (−0.40), which
indicates that on average aging of the workforce has a negative effect on individual
wages ceteris paribus. It means that the higher is the share of older workers in
employment in a given occupational group (at 3-digit level of classification) the lower
are individual’ wages in that group ceteris paribus. To some extent the negative sign
may be explained by the fact that majority of older workers in Poland are employed
in rather labour-intensive occupations.
The signs of other parameters are in line with economic theory and empirical evidence.
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Wages of women are found to be on average approximately 20% lower than wages of
men. Those employed in full-time jobs tend to have slightly higher level of wages than
those employed part-time. Temporary workers earn on average 20% less than those
employed on permanents contracts. The average level of wages increase with the size
of employer. Wages in private sector are on average 5% lower than wages in public
sector and they are ceteris paribus 3% higher in firms where wage negotiations take
place at the national or sectoral level.

Table 1: Results of the model (1) for the whole sample of workers

Estimated parameters’ value

Low_edu −0.769∗∗∗
(0.003)

Medium_edu −0.549∗∗∗
(0.003)

Tenure 0.025∗∗∗
(0.000)

Tenure2 ∗ 100 −0.038∗∗∗
(0.001)

Share_5565 −0.400∗∗∗
(0.022)

Female −0.196∗∗∗
(0.002)

Working_time 0.007∗∗∗
(0.000)

Temporary −0.195∗∗∗
(0.003)

Log(size) 0.054∗∗∗
(0.003)

Private −0.070∗∗∗
(0.007)

Negotiations 0.030∗∗∗
(0.009)

Constant 2.741∗∗∗
(0.015)

R-squared 0.496
Section Dummies yes
Time Dummies yes
N 5,722,448

∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01. Parameter and standard errors by Tenure2 was multiplied by 100 due
to very low values of the estimated parameters.

In the results discussed above we analysed the average parameters of the estimated
wage equation for the whole population of workers. In particular we found on average
the negative relation between individual’ wages and the share of aged workers in
employment in a given occupational group.
To check the stability of the results over time we estimated the equation (1) separately
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for every period of time analysed. The results (see Table 2) indicate that most of
the estimated parameters are stable. In fact, only one parameter which changed
significantly, is the parameter of our interest. At the beginning of the analysed period
the relation between the share of aged workers and individual wages was positive
and significant (0.2) and it turned to be highly negative and significant (in the range
between −0.8 and −0.6 in the years 2020-2014).
In the next step we allow the parameter by variable share_5565 to vary across major
(1-digit) occupational groups. The results (see Table 3) indicate significant differences
across groups. In most of the groups the parameter by the share of workers aged 55-65
years old is statistically significant at 1% significance level. The exception is the eight
group where the parameter is significant at the 10% significance level. In most of the
groups the analysed parameter is negative indicating that individual wages are lower
in groups with higher share of aged workers.

Table 2: Estimated values of the parameters of equation (1) separately for years
2006-2014

2006 2008 2010 2012 2014
Low_edu −0.820∗∗∗

(0.008)
−0.767∗∗∗

(0.007)
−0.786∗∗∗

(0.008)
−0.714∗∗∗

(0.008)
−0.690∗∗∗

(0.007)

Medium_edu −0.569∗∗∗
(0.006)

−0.552∗∗∗
(0.006)

−0.574∗∗∗
(0.006)

−0.514∗∗∗
(0.006)

−0.505∗∗∗
(0.005)

Tenure 0.021∗∗∗
(0.001)

0.024∗∗∗
(0.001)

0.027∗∗∗
(0.001)

0.025∗∗∗
(0.001)

0.025∗∗∗
(0.001)

Tenure2 ∗ 100 −0.029∗∗∗
(0.001)

−0.038∗∗∗
(0.001)

−0.045∗∗∗
(0.001)

−0.040∗∗∗
(0.001)

−0.040∗∗∗
(0.001)

Share_5565 0.203∗∗∗
(0.065)

−0.007
(0.057)

−0.779∗∗∗
(0.053)

−0.618∗∗∗
(0.050)

−0.568∗∗∗
(0.035)

Female −0.178∗∗∗
(0.004)

−0.200∗∗∗
(0.004)

−0.197∗∗∗
(0.004)

−0.205∗∗∗
(0.004)

−0.197∗∗∗
(0.004)

Working_time 0.006∗∗∗
(0.001)

0.010∗∗∗
(0.001)

0.006∗∗∗
(0.001)

0.007∗∗∗
(0.001)

0.005∗∗∗
(0.001)

Temporary −0.188∗∗∗
(0.007)

−0.178∗∗∗
(0.007)

−0.183∗∗∗
(0.007)

−0.187∗∗∗
(0.006)

−0.204∗∗∗
(0.006)

Log(size) 0.047∗∗∗
(0.005)

0.068∗∗∗
(0.004)

0.054∗∗∗
(0.005)

0.044∗∗∗
(0.005)

0.050∗∗∗
(0.005)

Private −0.029∗∗
(0.013)

−0.018
(0.016)

−0.035∗∗
(0.017)

−0.059∗∗∗
(0.019)

−0.064∗∗∗
(0.021)

Negotiations 0.030
(0.020)

0.015
(0.017)

0.015
(0.014)

0.047∗∗
(0.020)

0.031
(0.023)

Constant 2.686∗∗∗
(0.030)

2.848∗∗∗
(0.034)

3.061∗∗∗
(0.030)

3.143∗∗∗
(0.037)

3.206∗∗∗
(0.031)

R-squared 0.479 0.479 0.503 0.464 0.469
Section Dummies yes yes yes yes yes
N 1,738,543 1,882,005 677,700 710,477 713,723

∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01. Parameter and standard errors by Tenure2 was multiplied by 100 due
to very low values of the estimated parameters.
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The highest negative value is found in 2nd major occupational group (Professionals).
Intuitively, we would expect that in this group, together with the increase in workers
professional qualifications, wages of individuals will increase among the higher share
of more experienced workers. In the authors’ opinion, an explanation comes from
the fact that this major occupational group is very heterogeneous: on the one hand,
there are for example medical doctors or lawyers whose wages grow constantly with
age and work experience. On the other hand, there are IT workers, new technology
engineers, and others. Due to rapid technological progress over the last years, the
qualifications of young or medium-aged workers in these occupations may be higher
or more relevant for the market needs than the knowledge of older workers. To
check our hypothesis we performed the equation (1) separately for each minor (at 3
digit level) occupational group within the group of Professionals. The results (see
Table 4) confirm our intuition. We can find highly negative values of the estimated
parameter for the Engineering Professionals (group 214), Electrotechnology Engineers
(215), and Software and Applications Developers and Analysts (251). As expected,
there are some groups where the analysed parameter is positive: Medical Doctors and
Dentists or Teachers, so occupations where knowledge and professional qualifications
are increasing in time. The increasing share of the former specialists in the total
number of employed in the second major occupational group would explain the
negative sign of the estimated parameter. To some extent, this explanation can be
confirmed by findings of other authors. Using detailed matched employer-employee
data, Lallemand and Rycx (2009) find not only that young workers are significantly
more productive than older workers, but also their results show that age structure
effects on productivity are much stronger in ICT than in non-ICT firms.
Negative value of the parameter by the share_5565 variable is observed also for
Technicians and associate professionals (3rd major occupational group), Clerical
support workers (4th major occupational group), Service and sales workers (5th major
largest occupational group), and Elementary occupations (9th major occupational
group). The two latter (5th and 9th) are the groups with mostly labour-intensive
occupations where no constant improvement of qualifications is not needed and where
formal qualifications are not as important as physical strength. For these groups the
parameter by the share of workers aged 55-65 years old is relatively high (−0.63 and
−0.51 respectively) and confirms the hypothesis that aging of the workforce in these
occupations has a negative effect on individual’ wages.
There are also two groups where the relation between the proportion of older workers
and wages of individuals is statistically significant and positive. There are: Managers
(1st major occupational group) with the value of the parameter at 2.3 and Craft and
related trades workers (7th major occupational group) with the value of parameter
at 1.35. The latter group is the group of qualified blue-collar workers. It means that
even if the employees do not have to poses higher then basic vocational or secondary
vocational education, the need to improve the qualifications desired to perform the
specific job is required. More experienced, older workers should therefore be paid
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more than the younger ones. The group of Managers is a very specific one since the
observed level of education among members of this group is very diversified. However,
more experienced managers are expected to receive higher wages then less experienced
ones. Our findings indicate that in this group a 1 pp higher share of older workers
leads to higher by 2.3% wages of managers in a given occupational group.
The parameters by other variables are confirming significant differences between
occupational groups. Level of education matters the most for wages of Managers,
Professionals and Technicians (1st, 2nd and 3rd major occupational groups). On
the other hand, among workers in Elementary occupations (9th group) the level of
education only slightly impacts the level of individual’ wages.
Similar conclusions are noted while analysing the relation between the individual’
work experience and wages. The lowest values of the parameters are observed in
the 5th and 9th major occupational groups. The highest among Professionals and
Managers.
Gender differences are also visible between occupational groups. The highest
gender wage gap is observed among qualified blue-collar workers (7th and 8th major
occupational group) and among Managers. The lowest - among clerical workers
(4th group). The relation between other variables in the model (working time,
type of employment contract, size of the employer, ownership sector, and the type
of prevailing wage negotiations in the company) are also diversified between major
occupational groups (see Table 4).

6 Conclusions and discussion
The aim of the paper was to analyse the relationship between the age structure
of employees and wages. We used data on individual wages from the Structure of
Earnings Survey in Poland to apply to an extended version of Mincerian wage model.
The research period covers the years 2006-2014.
We analyse not only the relation between wages and different workers’ and employers’
characteristics, but also the relation between age structure of the employment in a
worker’s occupational group and his individual wage level. Our main variable of
interest is the proportion of workers aged 55-65 years old in a 3-digit level occupational
groups.
The results indicate that the proportion of aged people in the specific 3-digit
occupational group has a significant relation with employees’ individual earnings.
However, the magnitude and direction of this relation depends on the membership to
a specific major occupational group.
The results for the whole sample indicate a significant and negative relationship
between the wages and the proportion of 55-65 years old workers. However, when
the analyses were performed separately for each of the 1-digit occupational groups,
the results varied significantly. In those groups, where undoubtedly one type of skills
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(mental or physical) is preferred, empirical model confirms our assumptions that
come from economic theory. For example, in the case of Managers where knowledge
and qualifications of employees have to be updated permanently, an increase in the
number of older workers significantly raises average wages. On the contrary, in those
occupational groups where only basic skills are required or there is no need for regular
in-the-job investments (Elementary occupations, Service and sales workers), aging of
the workforce has a negative effect on the average wages. However, in those groups
of blue collar workers where good vocational skills are required (Craft and related
trades workers and Plant and machine operators and assemblers) the positive sign of
the relationship between share of older workers and wages was obtained.
Slightly different were the empirical results in the 2nd major occupational group –
Professionals – where the sign is statistically significant but strongly negative. In
the authors’ opinion it is the result of high heterogeneity of skills inside this large
group. Nevertheless, the results obtained in the paper indicate that population and
consequently workforce aging have important implications on the level of wages in the
economy. The results of the study show that the changing age structure of workers
affects their wages. Simultaneously, one has to bear in mind that population aging lead
also to changes in the demand for work. The bigger the percentage of oldest people
in the population, the greater becomes the need for services in the silver economy.
Demographic changes in the labour market may occur relatively slow. But they have
consequences for the whole economy are therefore should not be disregarded.
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A

Table 5: Share of workers aged 55-65 years old in major (1-digit) occupational level
in Poland (on average in 2006-2014)

Name of the group
Number of the

major occupational
group*

Share of workers aged
55-65 years old (from the
highest to the lowest)

Services and Sales Workers 5 0.078
Clerical Support Workers 4 0.089
Professionals 2 0.095
Plant and Machine Operators and Assemblers 8 0.108
Technicians and Associate Professionals 3 0.109
Craft and Related Trades Workers 7 0.110
Chief Executives, Senior Officials and Legislators 1 0.166
Elementary Occupations 9 0.173

*According to the ISCO-08 Classification.

Table 6: Top five sub-major (2-digit) occupational groups with the lowest and the
highest share of workers aged 55-65 years old in Poland (on average in 2006-2014)

Name of the sub-major (2-digit) group Number of the
sub-major group* Share of workers

Models, Salespersons and Demonstrators 52 0.031
Other Craft and related Trades workers 74 0.057
Tellers, Money Collectors and related Clerks 42 0.063
Handicraft and printing workers 73 0.068
Plant and machine operators, and assemblers 82 0.076
Managers of big and medium sized firms 12 0.163
Managers of small sized firms 13 0.170
Agricultural, forestry and fishery labourer 92 0.184
Elementary Occupations 91 0.211
Chief Executives, Senior Officials and Legislators 11 0.305

*According to the ISCO-08 Classification.
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Table 7: Top five minor (3-digit) occupational groups with the lowest and the highest
share of older workers (55-65 years old) in Poland (on average in 2006-2014)

Name of the minor (3-digit) group Number of the
minor group*

Share of older
workers

Operators of manufacturing machines 817 0.020
Fashion and other models 521 0.025
Other sales workers 522 0.031
Mining and mineral processing plant operators 711 0.038
Primary school teachers 233 0.041
Protective services workers 515 0.258
Messengers, package deliverers and luggage porters 915 0.287
Legislators and senior officials 111 0.293
Regulatory government associate professionals 345 0.317
Senior officials 112 0.469

*According to the ISCO-08 Classification.

B Rearrangement of the old ISCO classification
into the new one

To rearrange the old classification into the new one, an associative array that maps
keys to values was used. More precisely, an association list was used which is a linked
list in which each list element is comprised of a key and value. An association list
where unique four digits COS group codes from 2010 are keys and matching groups
from 2008 are values was constructed. There are around 500 unique four-digit COS
group codes, so searching an association list is not less preferable than searching a
binary search tree or hash table. We were able to build the association list because of
existence of a transition table provided by CSO. Transition table convey information
needed for matching different COS coding in time.
The first association list – transitions:

> head(to_2008)
$‘1111‘
[1] "1111"
$‘1112‘
[1] "1112"
$‘1113‘
[1] "1112"
$‘1114‘
[1] "1121" "1122" "1123"
$‘1120‘
[1] "1211" "1212"
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$‘1311‘
[1] "1221" "1311"

For the surveys published after 2008, each observation was replicated in accordance
with the COS association list. However, each new observation has some probability
of existence because it can be assigned to several groups. Therefore, we built a next
association list, which provides probabilities of attendance in each group. Probabilities
were calculated using frequencies of workers in each group in the previous survey. It
should be obvious that for each observation that was replicated, the probabilities
have to add up to one. We also made some assumptions about cases where some
occupational groups were lacking in previous surveys.
The second association list – probabilities:

> head(kzis_apply_freq(to_2008,summ_bsw_2008))
$‘1111‘
[1] 1
$‘1112‘
[1] 1
$‘1113‘
[1] 1
$‘1114‘
[1] 0.3333333 0.3333333 0.3333333
$‘1120‘
[1] 0.8343979 0.1656021
$‘1311‘
[1] 0.95471934 0.04528066

Finally, we get the dataset that has additional rows from a replication process and
three supplementary variables – new group, probability, and number of replications.
This dataset was built from five SWS surveys published biannually between 2006 and
2014. It contains over 5 million observations and 70 variables.
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