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Abstract. The paper aims to evaluate the impact of aging labour force on productivi-
ty, measured as a GDP per person employed and total factor productivity (TFP), in the Eu-
ropean Union (EU) countries based on models developed by Calvo-Sotomayor et al. (2019),
Poplawski-Ribeiro (2020), Feyrer (2008), and Aiyar and Ebeke (2016). We combine different
research methods to address previous criticism and use the most recent data to compare our
results with previous trends and draw conclusions about the impact of an aging labour force on
productivity. Measuring productivity as a GDP per person employed, the study finds that the ag-
ing labour force has a negative and statistically significant effect, which differs between the EU-
15 and EU-13 countries, on productivity. Our evidence is not entirely robust since the negative
effect of aging labour force on productivity measured as TFP was not statistically significant.

Keywords: aging labour force, European Union, productivity, panel data models, total
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1. Introduction

Productivity can be considered one of the most important factors of economic growth. If
productivity grows, more taxes are collected, wage raises and additional investment is created.
Productivity growth requires a balanced workforce of young and older workers, but the demo-
graphic phenomenon called aging population threatens this balance. As society ages, more and
more older people remain in the workforce, potentially affecting productivity. Over the last twen-
ty years, the share of the Europeans in the world population has fallen from 11.89 in 2000 down
to 9.64 per cent in 2020, so Europe’s demographic importance is inevitably declining. One of the
reasons for this phenomenon is the declining birth rate, but the rate of population decline is be-
ing held back by increasing age. Taken together, these two factors are causing population aging.
Worldwide the share of people over 65 increased from 6 in 1990 up to 9 per cent in 2021, and by
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2050 it will reach 16 per cent. In the EU, there were 93 million people over 65-year-old, and they
accounted for 20.8% in 2021, although in 1999, the older people accounted for only 15.48 per
cent of the total population. It is projected that in 2050 the number of older people will increase
up to 129.8 million, and they will account for 29 per cent of the total population of the EU.

Previous research has emphasized the negative effects of aging labour force on productivity
(Feyrer, 2007; Maestas et al., 2016; Aiyar and Ebeke, 2016; Westelius and Liu, 2016; Adler et al,,
2017; Calvo-Sotomayor et al., 2019; Park et al., 2021), but there are studies which identify the
positive effects as well (Ilmakunnas and Miyakoshi, 2013; Lee and Song, 2020; Acemoglu and
Restrepo, 2017, 2022). Mahlberg et al. (2013) provide results that the effect of the aging popula-
tion on productivity differs across economic sectors. While a large part of the literature aimed at
investigating the impact of society ageing on productivity in a single country: USA (Feyrer, 2008;
Maestas et al., 2016); Netherlands (Van Ours and Stoeldraijer, 2011), Canada (Dostie, 2011), Ger-
many (Gobel and Zwick, 2012; Bérsch-Supan and Weiss, 2016; Borsch-Supan et al., 2021), Aus-
tria (Mahlberg et al., 2013), Hungary (Lovasz and Rigo, 2013), Finland (Pekkarinen and Uusitalo,
2012), Japan (Westelius and Liu, 2016), Japan, Korea (Lee and Song, 2020), there are only few
research referred to a group of countries: OECD (Feyrer, 2007), 18 advanced economies (Adler
etal,, 2017), EU-28 countries (Aiyar and Ebeke, 2016); EU-24 countries (Calvo-Sotomayor et al.,
2019).

As society ages, the share of older people is increasing, as well as the share of older workers
in the total labour force. Various indicators are used to study the impact of aging labour force on
productivity. The most commonly used are employment rates of people aged between 55 and 64,
and the old-age dependency ratio (the ratio between older people at an age when they are gen-
erally economically inactive (i.e., aged 65 and over) and the number of working-age people (i.e.,
15-64 years old)). According to the IMF (2016), productivity growth is statistically significantly
declining as the share of the 55-64 age group in the total labour force increases. Aiyar and Ebeke
(2016) study in the EU found that productivity is declining by 0.1 per cent each year, and project-
ed productivity decline is accelerating to 0.2 per cent every year. It has been concluded that the
main channel through which an aging labour force slows output growth per employee is lower
productivity, which is often seen as a key driver of economic growth.

There is a lack of recent research on the impact of the aging population on productivity in
the EU. Filling this gap, our paper aims to estimate the impact of the aging labour force on pro-
ductivity in EU countries. This research complements limited empirical evidence estimating the
impact of aging population on productivity based not on a single country sample but by applying
the panel estimation technique and looking at EU-28 countries. Additionally, the article exam-
ines the impact of the aging labour force on productivity, measured as a share of GDP per capita,
and on TFP, allowing us to examine whether the aging labour force is affecting productivity.

The rest of the paper is organized as follows: Section 2 provides a theoretical background of
how aging population affects productivity, Section 3 presents the developed specification of the
model, estimations strategy, and data, Section 4 discusses the main estimation results, and the
last section concludes the paper and provides discussion for the future research.
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2. Literature review

Workers of different ages have different work experiences and abilities. In this way, work-
ers in different age groups may change or complement each other and productivity in one age
group may depend on interactions with workers in other age groups. Such changes in produc-
tivity can occur between older and younger workers if, for example, the experience of an older
worker increases not only his own productivity but also that of the people who work with him.
It is important that the knowledge accumulated by older workers is applied to work activities
(Borsch-Supan et al., 2021). Equally important are the knowledge and skills that young workers
bring to the labour market. As the population ages and fewer young people enter the labour mar-
ket, fewer new knowledge, new skills, and competencies will be offered to employers. This may
have a negative impact on innovation and productivity growth (Mahlberg et al., 2013).

One of the main research papers on the impact of aging society on productivity is consid-
ered to be the study by Feyrer (2007, 2008). Our research is not based on this author’s work but
relies on the subsequent research that emerged from Feyrer’s (2007) study to find the best way
to assess the impact of the age structure of the labour force on productivity. It is worth noting
that Feyrer (2008) was not categorical in assessing the results obtained for the effects of an aging
population. The results are seen as showing a link between demographic change in society and
the workforce and changes in productivity. Still, he found that the most productive age group is
40-49 years workers. The increase in this age group’s workforce share boosts productivity, but the
increase in the share of employees aged 15-39 was related to lower productivity. The increase in
the share of employees aged 50-59 years and over 60 also had a negative impact on productivity,
but the results were less reliable. The author argued that there is no inverse causal link between
demographic changes in the labour force structure and productivity, i.e. fluctuations in produc-
tivity do not affect the demographic structure of the labour force.

Previous research on the impact of aging population on productivity is conducted at the
level of the enterprise, industry, economic sector, country and group of countries. Studies at the
level of the company, group of companies, or one or more industries have found that demo-
graphic factor has an impact on productivity, but this impact depends on the technology used,
the need for human capital and the specifics of the activity (Sun, 2020; Pekkarinen and Uusitalo,
2012; Borsch-Supan and Weiss, 2016; Martino, 2015). At the country group level, examining the
impact of an aging population reveals a decline in productivity (Adler et al. al., 2017; Aiyar and
Ebeke, 2016; Calvo-Sotomayor et al., 2019; Poplawski-Ribeiro, 2020), as well as at a one country
level (Dostie, 2011; Lovasz and Rigd, 2013; Lovdsz, and Rigo, 2013; Westelius et al., 2016; Maestas
etal., 2016; Lee and Song, 2020; Park et al., 2021). Acemoglu and Restrepo (2017) state that they
have not identified a negative impact of population and workforce aging on productivity and
point out that the potential negative impact of aging population is reduced by process automati-
zation and robotization. No adverse (Acemoglu and Restrepo, 2017; Lee and Song, 2020) effects
were observed, or effects were inconclusive in research (Mahlberg et al., 2013; G6bel and Zwick,
2012; Van Ours and Stoeldraijer, 2011; Bérsch-Supan and Weiss (2016). Aiyar and Ebeke (2016)
also draw attention to the problem of endogeneity in this strand of research, as this problem leads
to inaccurate estimation results.

An analysis of previous research has shown that studies analyzing the impact of an aging
population on productivity have mostly identified negative effects. A summary of previous em-
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pirical studies is provided in Table 1.

Table 1: Main results of the previous research on the impact of aging population on productivity

Research | Research . Methods
. Main results . Authors
period sample applied
Significant and negative impact on pro- | Modified
ductivity. Cobb-Douglas
20062015 | Republic of production | b o al. (2021)
Korea function and
various panel
estimators
In Japan and South Korea, aging popu- Fixed effect,
lations positively impact productivity as | modified
1973-2005, N L Lee and Song
Japan, S. Korea | older workers work in industries with Cobb-Douglas
1980-2012 P . L . (2020)
high information and communication production
technology (ICT) capital. function
At least 32 Significant and negative impact on pro- Panel-fixed-ef-
and at most ductivity. 1% increase in the share of fect two-stage
1985-2014 73 advanced employees aged 55-64 decreased produc- | least squares Poplawski-Ri-
economies tivity by 0.7%. beiro (2020)
and emerging
markets
Significant and negative impact on pro-
24 EU coun- ductivity. 1% increase in the share of . Calvo-Sotomayor
1983-2014 tries employees aged 55-64 reduces productiv- Fixed effect etal. (2019)
ity from 0.106%. up to 0.479%
Aging could significantly slow TFP
growth. 1 per centage point increase in
18 advanced the share of 5§_§4 year‘s-obld age group Decomposi- Adler et al.
1995-2011 economies leads to a statistically significant cu- tion method 2017)
mulative decrease in TFP of about 0.7
percentage points over five years (that is,
about 0.15 per year).
Significant and negative impact. Project-
ed workforce aging could reduce TFP .
1950-2014 tZEeF;U coun- growth by an average of 0.2 percentage Fixed effect élgfé)lr Ebeke
points every year over the next two
decades
The aging of the labour force has had a Modyfied
significant negative impact on TFP. Feyrer (2007)
model and Westelius and Liu
1990-2007 | Japan Arellano-Bond | (2016)
GMM esti-
mator
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A study on the production line in the
truck manufacturing industry does not
support the view that older workers are

less productive, at least up to 60 years Piecewise Borsch-Supan
2003-2006 | EU, USA, Asia old. The result may have been affected lcl:t?z:lsp ecifi- and Weiss (2016)

because older workers who work produc-
tively, show good results, are promoted
and do not work in the production line.

The positive effect is recorded in the con-
struction and trade sectors. In contrast,
in other sectors, the negative effect of the | Cobb-Doug-

2002-2005 | Austria share of older workers on productivity las production i\;lglll;t;erg etal.
is recorded, but this depends on the age, | function
size, sector and region in which the com-
pany operates.
The impact of older workers on produc- | Cobb-Doug- . .
1997-2005 | Germany tivity has not been confirmed. las production (Gz(())tl);l) and Zwick
function

Productivity declines in activities where | Cobb-Doug- Lovész and Rigo

1986-2008 | Hungary employees need new skills to do the job. | las production (2013)
function
No significant effect on productivity was | Cobb-Doug-
found in the group of older workers. las production | Van Ours and
2000-2005 | Netherlands There was also no difference between the | function Stoeldraijer
age-related effects on productivity, pro- (2011)

ductivity and wages.

Source: Own elaboration

A share of GDP per employee (Maestas et al., 2016), value-added per capita (Gobel and
Zwick, 2012), the productivity of older workers, the gross factor productivity (Westelius and Liu,
2016; Poplawski-Ribeiro, 2020) are used to measure productivity.

Summarizing the results of empirical research, it can be stated that the topic of the impact
of aging labour force on productivity is open in the scientific literature. The studies differ in
terms of time periods and research samples because not all data are available to researchers. Our
study aims to assess the impact of demographic change on productivity in the EU using the latest
available data.

3. Data and model

Our panel data covers EU-28 countries for the period of 1999 - 2019. The choice of the
research period depends on the availability of the data in order to cover a sufficiently long period.
Based on a study by Poplawski-Ribeiro (2019), the data used in the models will be converted to
non-overlapping three-year averages. Since aging is a long-term process, averaging data allows
for reducing the impact of economic fluctuations and capturing lagging effects of demographic
change. The data is collected from Eurostat, World Bank and Penn World Table 10.1 databases.

Based on the results of the above-mentioned empirical studies presented in Table 1, Hy-
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pothesis 1 is formulated: population aging has a negative impact on productivity in the EU.
To test the first hypothesis, we use two specifications. Eq. (1) is adapted from Calvo-Sotomayor et
al. (2019). In this equation, the independent variable is productivity, measured as a real GDP per
person employed. Eq. (2) is adapted from the study by Poplawski-Ribeiro (2020) but modified
according to Calvo-Sotomayor et al. (2019). In this equation, productivity is measured by TFP,
which shows the share of growth in output not explained by growth of labour and capital imputs.
Our panel specifications:

AlnY,, = o, + V,+8 W55, + f,YADR +f,OADR, +e, (1)

AInTFP,, = a, + V,+8 AW55, + AADR, +¢, (2)

where a, is i-th country’s specific constant, \/t are dummies fore each year ¢, ¢ , is the idio-
syncratic error term. Variables included in the equations are presented in Table 2.

Table 2: Description of the variables

Variables Abbreviation Description Database
The share of growth in output not explained by
growth of labour and capital used in production,
TEP with the standard weighting of 0.7 for labour and Penn World Table 10.1
Productivit 0.3 for capital.
roauctivy
Y GDP per person employed (constant 2017 USD),
v ce?lc.ulated as the gross domesFlc product (GDP) Penn World Table 10.1
divided by total employment in the economy,
USD
Aging of the la- W55 The share of the total workforce aged 55-64 years | EUROSTAT
bour force
The ratio of the number of elderly people at
) ) an age when they are generally economically
doelgcag:aﬁzpen OADR inactive (i.e. aged 65 and over), compared to EUROSTAT
¥ the number of people of working age (i.e. 15-64
years old).
Young-age depen- The youth dependency ratio is the population
dency ratio YADR ages 0-15 divided by the population ages 16-64. EUROSTAT
The ratio of dependents--people younger than
fa%ieodependency ADR 15 or older than 64--to the working-age popula- | EUROSTAT
tion--those ages 15-64.
Technological R&D Research and development expenditure, per cent World bank
development of GDP
.Forelgn direct FDI Foreign Direct Investment, per cent of GDP World bank
investment
Trade openness OPEN The ratio of imports and exports, per cent to EUROSTAT

GDP (2015 prices)
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Based on the average years of schooling and an

. Penn World Table 10.1
assumed rate of return to education

Human capital HC

Technological

ICT Share of ICT goods, percent of total trade UNCTAD
progress

Source: Own elaboration

In these equations, various age-dependency ratios are used as control variables that include
other channels through which an aging population affects productivity. A higher age dependency
ratio (lower for young people or higher for elderly people) indicates a longer average age of the
population, which may affect age-related public expenditure, saving rates, and investment levels.

Productivity in individual countries is influenced by the existing institutional environ-
ment. In the EU, the challenge of aging population was previously addressed, as this demograph-
ic change is specific to developed countries. As EU-13 countries join the EU later, they may not
be ready for these demographic changes. Our study divided EU-28 countries into two groups
according to the date of accession to the EU. The first group of countries joined EU-15 prior
2004. The second group is the EU-13 countries, which joined the EU in 2004 and later. Ma-
jority of these countries are post-Soviet countries. This grouping is based on previous research
by Poplawski-Ribeiro (2020), who divided countries into two groups according to their level
of development (study covered 68 countries, ingluding advanced and emerging market econ-
omies). Meanwhile, Thalassinos et al. (2019) analysing impact of aging population (measured
as the active ageing index) on economic development of the EU Member States find important
dissimilarities between the EU countries, so authors apply panel analysis in EU-15 and EU-13
country groups. Cristea et al. (2020) use four specific panels, according to active ageing index,
also confirm significant dissimilarities of the aging population impact on productivity in the EU
countries. The previous studies reveale the need of the research not only in the EU as a whole
but also designed for each investigated panel. For the above reasons, Hypothesis 2 is: the aging
labour force has a greater negative impact on productivity in the new EU Member states (EU-
13) than in the old EU countries (EU-15). To test that hypothesis, we will use Eq. (1).

Previous research examining the effects of aging population on productivity rarely ac-
counts for other important productivity factors. In order to assess the impact of aging labour
force on productivity while controlling other macroeconomic factors affecting productivity, we
formulate Hypothesis 3: aging labour force has a negative impact on productivity even if oth-
er productivity determinants, such as technological development, foreign direct investment,
trade openness, human capital and technological progress are controlled. The econometric
specification is:

AlnY,, = a,+ V. +8,W55,,+ §,ADR, + AFDI +{ AICT, +8 AR_D, + 8 AOPEN, +8 AH_
CAP  +e (3)

All terms are explained below Eq. (2) and in Table 2.

Research by Calvo-Sotomayor et al. (2019), Poplawski-Ribeiro (2020) and Aiyar and
Ebeke (2016) found that the share of older people in the total number of persons employed is
endogeneous. The conventional assumption is that the only endogenous variable in the model is
a dependent variable. All other model variables must be exogenous, but they can become endog-
enous because they are affected by an unobserved variable that is not controlled and becomes
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part of the error. Endogeneity leads to biased results because the error-correlated independent
variable may reflect its own and the effect of an unobserved factor. To address the endogeneity
problem, we use two stages least squares estimator (2SLS) with external instrumental variables
(IV). The endogeneity problem in this study, as in other studies analyzing the impact of aging
population on productivity, arises from the fact that the share of the different age employed pop-
ulation in the labor force depends not only on the size of the age group but also on the share of
the employed in that group.

The increase in productivity per person employed may have a direct effect on the number
of employees in the relevant age group. Endogeneity arises from the fact that labor force partic-
ipation rates in some age groups are sensitive to fluctuations in productivity. The participation
rate of the 55-64 age group in the labor force increases in response to a positive change in pro-
ductivity (Aiyar and Ebeke, 2016). This means that the employment rate of this group is more
elastic in terms of changes in productivity than that of other age groups. As a result, the share of
this group of workers tends to increase in the total workforce as productivity increases. In other
words, the value of this variable is affected by the effect of a positive change in productivity on
the relative employment rate of the 55-64 age group.

Research suggests addressing the endogeneity problem by including exogenous instru-
mental variables using the 2SLS estimator. We instrumented the independent variable W55 by
the share of the population in the 45-54 age group 10 years earlier (IV45_54). Calvo-Sotomayor
et al. (2019) and Aiyar and Ebeke (2016) addressed this problem through instrumental varia-
bles — the birth rates 10, 20 and 30 years earlier (in our research: IV_10, IV_20, IV_30). The
suitability of the instrumental variables for the model is assessed by considering the strength of
the relationship between the instrumental variable and the potentially endogenous variable using
pairwise correlations (see Annex 1). The instrumental variable is suitable for the modelling when
pairwise correlations is greater than 0.2 and statistically significant. According to the results of
correlation analysis only variable IV45 54 meets the requirements for instrumental variables
and will be used in the model. A brief summary statistics of the variables is presented in Table 3.

Table 3: Summary statistics of the variables

Variables Group of Mean Std. Dev. Min Max
countries

Aging of the labour force EU-28 12.919 3.5133 4.8501 21.704
EU-15 13.174 3.5508 5.7328 21.704

EU-13 12.621 3.4518 4.8501 21.279

Young-age dependency EU-28 24311 3.0603 19.460 34.228
ratio EU-15 25.187 3.1345 20.159 33.477
EU-13 23.300 2.6372 19.460 34.228

Old-age dependency ratio EU-28 24.955 4.5604 15.159 36.057
EU-15 26.193 4.3784 15.159 36.057

EU-13 23.527 4.3506 15.178 33.176
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Age dependency ratio EU-28 49.267 4.5330 38.457 61.795
EU-15 51.381 3.8385 42.821 61.795
EU-13 46.828 4.0236 38.457 57.839
Total factor productivity EU-28 0.79821 0.17242 0.44095 1.4270
EU-15 0.90488 0.14779 0.53890 1.4270
EU-13 0.67514 0.10279 0.44095 0.90923
Productivity EU-28 76838 27623 22508 209111
EU-15 96510 21342 55610 209111
EU-13 54139 12472 22508 78545
Technological develop- EU-28 1.4534 0.87046 0.22000 3.8700
ment EU-15 1.9607 0.81974 0.53000 3.8700
EU-13 0.87257 0.47360 0.22000 2.5600
Trade openness EU-28 1.1186 0.65824 0.27631 4.0917
EU-15 1.0271 0.74317 0.42571 4.0917
EU-13 1.2245 0.52537 0.27631 3.1126
Foreign direct investment EU-28 11.593 37.371 -58.323 449.08
EU-15 7.0216 14.216 -58.323 86.589
EU-13 16.818 52.117 -40.414 449.08
Technological progress EU-28 7.9125 8.3899 0.79342 63.636
EU-15 6.4948 5.5417 1.0714 36.819
EU-13 9.5482 10.557 0.79342 63.636
Human capital EU-28 3.1722 0.31496 2.2092 3.8490
EU-15 3.1463 0.34106 2.2092 3.7736
EU-13 3.2021 0.27950 2.5247 3.8490
The share of the total pop- EU-28 13.1 1.34 9.23 16.0
t‘elzﬁy‘zzrzg:il‘i‘:f“ years EU-15 13.0 1.18 923 160
EU-13 13.2 1.50 9.86 15.8
Birth rates 10 years earlier EU-28 1.56 0.250 1.12 243
EU-15 1.60 0.224 1.19 2.14
EU-13 1.52 0.270 1.12 2.43
Birth rates of 20 years EU-28 1.75 0.331 1.13 3.14
carlier EU-15 1.65 0.295 1.19 3.14
EU-13 1.85 0.337 1.13 2.46
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Birth rates of 30 years EU-28 2.04 0.410 1.32 3.86
carlier EU-15 1.95 0.506 1.32 3.86
EU-13 2.14 0.219 1.54 2.83

Source: Own elaboration
Estimation results

Estimations of Eq. (1) and Eq. (2) For the EU-28 sample are presented in Table 4.
Table 4: Estimations of the impact of aging population on productivity

Variable Coef. Eq.(1) Eq. (2)
FE 2SLS RE 2SLS
Intercept o 0.0143 0.0192 0.0491*** 0.0053
(0.0323) (0.0276) (0.0141) (0.0249)
Aging labour force (W55)  fi1 -0.0014 -0.0028** -0.0050 -0.0093
(0.0008) (0.0013) (0.0043) (0.0136)
Young-age dependency 2 0.0013 0.0013*
ratio (YARD) (0.0013) (0.0007)
Old-age dependency ratio ~ f3 -0.0003 -0.0004
(OARD) (0.0011) (0.0008)
Age dependency ratio J4 -0.0098*** -0.0118*
(ARD) (0.0033) (0.0040)
N
R2 0.5481 0.5449 0.3625 0.6015
R2adj. 0.3965 0.5011 0.3347 0.4997
'[I;:_s‘t, ﬁ)li‘e(]iiﬂering group intercepts® (<0.001] (<0.001]
Breusch-Pegan @ [p-value] [<0.001] [<0.001]
Hausman test® [p-value] [0.005] [0.542]
Wooldridge test® [p-value] [0.023] [0.206]
?/;il,ciltuees]t for heteroscedasticity® (<0.001] (<0.001]
Pesaran CD test® [p-value] [0.099] [0.262]

Source: Own elaboration

All estimations include time dummies. Heteroscedasticity and serial correlation robust
standard errors are presented in parentheses. *, **, *** indicates significance at the 10, 5 and 1 per
cent levels, respectively.

' A low p-value counts against the null hypothesis that the pooled OLS model is adequate
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in favor of the fixed effects alternative.

@ A low p-value counts against the null hypothesis that the pooled OLS model is adequate
in favor of the random effects alternative.

® A low p-value counts against the null hypothesis that the random-effects model is con-
sistent in favor of the fixed-effects model.

@ A low p-value counts against the null hypothesis: no first-order serial correlation in error
terms.

© A low p-value counts against the null hypothesis: heteroscedasticity is not present.

© A low p-value counts against the null hypothesis: cross-sectional independence.

The estimated coeflicients on variables have a theoretically justified impact on productivity
and are consistent with previous research. We confirm Hypothesis 1 as we find that impact of
aging labour force on productivity in the EU-28 is negative and statistically significant. We also
find that the rejuvenation of the society, i.e. an increase in the young-age dependency ratio, has
a positive effect on productivity. Our results show that in the countries where the share of older
people in the total working population is higher by one percentage point, productivity is 0.28 per
cent on average lower. This is in line with the results by Calvo-Sotomayor et al. (2019), who found
a negative and statistically significant impact of the aging labour force on productivity. Authors
found that an increase in the share of older people in the total working population by 1 per cent
decreases productivity by 0.106 — —0.479 per cent. It can be concluded that the growing share of
older people in the total workforce is having an increasingly negative impact on productivity,
meaning that countries’ economies are failing to adapt to the demographic changes and are expe-
riencing increasing productivity losses.

We found no statistically significant effect of population aging on productivity as measured
by TFP (see estimations based on Eq. (2) in Table 4). However, although the effect is not statis-
tically significant, it is negative. We find that the increasing age dependency ratio has a negative
effect on productivity, and this effect is statistically significant. Our results are similar to those
of Calvo-Sotomayor et al. (2019) and Poplawski-Ribeiro (2020), who found a negative and sta-
tistically significant effect of an aging labour force on productivity measured as TFP. Changes in
the TFP are slow, suggesting that in some countries, the effects of aging labour force have been
stronger, in others, it had less or no effects, and therefore has become statistically insignificant in
terms of impact across the EU, but has remained negative. Assessing the statistically significant
results based on Eq. 2, it can be concluded that in the countries where the age dependency ratio
is higher by one percentage point, the productivity measured as TFP is 1.2 per cent on average
lower. The results suggest that the aging labour force has a negative and statistically significant
impact on productivity in the EU, measured as a share of GDP per person employed. The effect
on productivity, measured as TFP, is also negative but statistically insignificant.

Estimations based on Eq. 1 (see Table 5) show that the impact of aging labour force in the
EU-15 is negative but not statistically significant. The estimated coefficient {, is statistically sig-
nificant and shows that a higher share of younger people in society positively affects productivity
in the EU-15 countries. We confirm Hypothesis 2 as we find that the aging labour force signifi-
cantly impacts productivity in the EU-13 group.
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Table 5: 2SLS estimates based on Eq. (1) in EU-15 and EU-13

Variable Coef. EU-13 EU-15
Intercept o 0.3689*** -0.1168
(0.1069) (0.0953)
Aging labour force (W55) 1 -0.0096*** -0.0011
(0.0041) (0.0027)
Young-age dependency ratio 32 -0.0055 0.0065%
(YARD) (0.0035) (0.0033)
Old-age dependency ratio (OARD) 33 0.0001 -0.0005
(0.0037) (0.0022)
N
R2 0.7637 0.5759
R2adj. 0.6863 0.4449
Wooldridge test(4) [p-value] [0.061] [0.112]
Wald test for heteroscedasticity® [p-value] [<0.001] [<0.001]
Pesaran CD test(6) [p-value] [0.721] [0.114]

Source: Own elaboration

All estimations include time dummies. Heteroscedasticity and serial correlation robust
standard errors are presented in parentheses. *, **, *** indicates significance at the 10, 5 and 1 per
cent levels, respectively. @, ® and © are explained in Table 4.

It can be concluded that in the EU-13 countries, where the share of older people is one
percentage point higher, the productivity is 0.96 per cent on average lower. It was found that the
share of older people aged 55-64 increased on average by 1.65 per cent in Bulgaria and Slova-
kia over the period 1999-2019. It led to decreasing productivity in these countries by 1.58 per
cent per year. No significant negative effects on productivity have been identified in the EU-15,
leading to the conclusion that the economies of the EU-15 are more adapted to the effects of an
aging population. This may be due to the adaptation of jobs to older workers, the increased use
of automation solutions, integration programs for older workers, and higher capital investment.
Meanwhile, the economies of the EU-13 are more dependent on the physical labour force, and
demographic changes have a significant impact on productivity. The impact of an aging labour
force on productivity growth will continue to impact in the future. According to projections in
the EU, the share of the population aged 55-64 among all employed by 2030 will increase to 20
per cent and should remain at that level until 2070, and the effects identified in our research will
have a significant impact on productivity, especially in the EU-13. As a result, countries with the
fastest-growing share of older people will face significant productivity losses.

Estimation of specification based on Eq. 3, which considers not only the variables of the
aging labour force, but also includes other variables that influence productivity, shows that the
impact of an aging labour force on productivity in the EU is negative and statistically significant
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(see Table 6).

Table 6: Estimations of the impact of aging population on productivity while controlling other
variables affecting productivity based on Eq. (3)

Variable Coef. FE 2SLS
Intercept o -0.0114 0.0441
(0.0387) (0.0350)
Aging labour force (W55) 5, -0.0012 -0.0035**
(0.0007) (0.0014)
Age dependency ratio (ARD) B, 0.0008 0.0002
(0.0007) (0.0006)
B -0.0172 -0.0181*
Technological development (Re»D)
(0.0141) (0.0096)
ﬂ6 0.0255 0.0276*
Trade openness (OPEN)
(0.0222) (0.0167)
/57 <0.001 <0.001
Foreign direct investment (FDI)
(<0.001) (<0.001)
/38 -<0.001 <0.001
Technological progress (ICT)
(0.0004) (<0.001)
ﬁg 0.2236 0.1938
Human capital (HC)
(0.2383) (0.2192)
N
RrR? 0.5525 0.5357
R, 0.3986 0.4786
Test for differing group intercepts” [p-value] [<0.001]
Breusch-Pegan @ [p-value] [<0.001]
Hausman test® [p-value] [0.005]
Wooldridge test® [p-value] [0.017]
Wald test for heteroscedasticity® [p-value] [<0.001]
Pesaran CD test® [p-value] [0.1145]

Source: Own elaboration

All estimations include time dummies. Heteroscedasticity and serial correlation robust
standard errors are presented in parentheses. *, **, *** indicates significance at the 10, 5 and 1 per

cent levels, respectively. () - © are explained in Table 4.

We confirm Hypothesis 3 as we find a statistically significant negative effect of aging labor
force on productivity after controlling other productivity factors. We also find a statistically sig-
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nificant impact (at 10% significance) of technological development and trade openness on pro-
ductivity. Other variables such as technological progress, foreign direct investment and human
capital appeared as statistically insignificant. It can be concluded that in the EU-28 countries
with a higher share of older people by one percentage point, productivity is 0.35 per cent lower.
In countries where technological development is higher by one percentage point, productivity is
0.18 per cent lower, and in countries with trade openness higher by 1 percentage point, produc-
tivity is 2.76 per cent higher.

5. Conclusions

Summarizing the results of previous research, it can be concluded that the aging popula-
tion is a significant factor negatively affecting productivity, therefore, it is necessary to further
study its sources and channels in order to identify the factors that can reduce its negative impact
on productivity.

Our research confirms the negative and statistically significant impact of aging population
on productivity measured as GDP per person employed in the EU-28, which is in line with Cal-
vo-Sotomayor et al. (2019). We found if the share of employees aged 55-64 of all employees is
higher by 1 percentage point, the productivity is lower from 0.25 up to 0.28 per cent. So we can
draw the conclusion that the growing share of older people in the total labour force is having an
increasingly negative impact on productivity. Aiming to evaluate aging population impact on
productivity measured as total factor productivity we found that impact is negative but statisti-
cally insignificant, which is consistent previous research.

We also performed an assessment to determine the impact of the aging population on
productivity in the EU-15 and EU-13 country groups. Our results show that the aging popula-
tion has a negative impact on productivity in the EU-13. In this group of countries, a statistically
significant and negative impact of aging on productivity has been identified. Meanwhile, a neg-
ative but statistically insignificant effect was found in the EU-15. It can be concluded that the
economies of the EU-15 are more adapted to the productivity effects of an aging population and
that economic and social convergence between Member States in the EU can help reduce the
productivity gap between the EU-13 and the EU-15. The ongoing implementation of European
Union programs in the EU-13 countries, the application of new technologies, and increased cap-
ital investment can be an effective means of overcoming the impact of an aging population on
national economies, as well as on declining productivity.
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Appendix 1: Results of correlation analysis
Instrumental variable AW55
An instrumental 1V45_54 IV_10 1V_20 1V_30
variable
Correlation 0.3024 -0.1074 -0.2045 -0.1670
Coefficient
p-va]ue 0.0001 0.1658 0.0078 0.0305
Data is recalculated to non-overlapping three-year averages
Variable W55
An instrumental 1V45_54 IvV_10 1V_20 1V_30

variable
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Correlation 0.5937 -0.0977 -0.3710 -0.3708
Coefficient
p-value <0.0001 0.1732 <0.0001 <0.0001

Data is recalculated to non-overlapping three-year averages



