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Abstract

In the face of rapidly aging population, decreasing regional inequalities in population
composition is one of the regional cohesion goals of the European Union. To our
knowledge, no explicit quantification of the changes in regional population aging
differentiation exist. We investigate how regional differences in population aging
developed over the last decade and how they are likely to evolve in the coming
three decades, and we examine how demographic components of population
growth contribute to the process. We use the beta-convergence approach to test
whether regions are moving towards a common level of population aging. The
change in population composition is decomposed into the separate effects of
changes in the size of the non-working-age population and of the working-age
population. The latter changes are further decomposed into the effects of cohort
turnover, migration at working ages, and mortality at working ages. European
Nomenclature of Territorial Units for Statistics (NUTS)-2 regions experienced notable
convergence in population aging during the period 2003–2012 and are expected to
experience further convergence in the coming three decades. Convergence in aging
mainly depends on changes in the population structure of East-European regions.
Cohort turnover plays the major role in promoting convergence. Differences in
mortality at working ages, though quite moderate themselves, have a significant
cumulative effect. The projections show that when it is assumed that net migration
flows at working ages are converging across European regions, this will not contribute
to convergence of population aging. The beta-convergence approach proves useful to
examine regional variations in population aging across Europe.

Keywords: Beta convergence, Population aging, Demographic decomposition,
Population structures, Cohort turnover, Migration at working ages, Mortality at
working ages, Total support ratio, NUTS-2
Introduction
Population aging is the most evident demographic challenge of European countries

and regions. The unprecedented increase in the share of the elderly population raises

concerns about the sustainability of social and economic developments (Bloom et al.

2015; Feldstein 2006). The sharp increase in the proportion of the elderly dependent

population is expected to have a significant negative impact on pension systems (Ediev

2013; Gruber and Wise 2009; Hammer and Prskawetz 2013), social and health care

(Mahon and Millar 2014), and public and personal transfers towards the elderly

(Dukhovnov and Zagheni 2015; Lee and Mason 2010).
The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
icense (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
rovided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
ndicate if changes were made.

http://crossmark.crossref.org/dialog/?doi=10.1186/s41118-017-0018-2&domain=pdf
http://orcid.org/0000-0003-1835-8687
mailto:ilya.kashnitsky@gmail.com
http://creativecommons.org/licenses/by/4.0/


Kashnitsky et al. Genus  (2017) 73:2 Page 2 of 25
Differences in the past and current developments of demographic structures contrib-

ute to substantial spatial variation of aging across European countries (Diaconu 2015)

and across regions (Gregory and Patuelli 2015). Regional policies in European Union

aim to reduce variation in all aspects that can influence differentiation in the quality of

life, including demographic developments (European Commission 2015; Giannakouris

2008). According to the European Commission’s logic, convergence in aging is desirable

because it will contribute to the reduction in regional life quality disproportions.

In this paper, we apply the widely used concept of beta convergence to study how relative

differences in aging evolve (Barro 1991; Barro et al. 1991; Baumol 1986). Beta convergence

utilizes linear regression approach to check the relationship between the growth and the

initial distribution: if regions at the bottom of the initial distribution experience faster

growth, then the variance of the distribution reduces by the end of the modeling period.

To our knowledge, no other paper has explicitly analyzed population aging using the con-

vergence research framework. Lacking any prior empirical evidence on the matter, one can

distinguish two contrasting hypotheses about the possible developments of the regional dif-

ferences in population aging. First, it seems reasonable to expect convergence in aging at

the end of the demographic transition in Europe: European countries move along the

demographic transition path with varying timing and pace, and the differences should di-

minish by the end of the process when populations approach the post-transitional replace-

ment regime. Alternatively, the process of urbanization is likely to contribute to a divergent

pattern of aging: urbanized regions tend to attract population at working ages, while rural

regions are left with a higher proportion of people out of the labor market.

In this paper, we examine the first hypothesis. For this purpose, we analyze how re-

gional differences in aging have changed over the period 2003–2012. In addition, we

examine whether current trends in regional variation in aging will continue. For this

reason, we examine Eurostat regional population projections for the upcoming three

decades. In order to examine to what extent policy measures could be effective in pro-

moting convergence in population aging, we assess the causes of changes in the

working-age population: migration, mortality, and cohort turnover. Cohort turnover is

defined by the difference between the numbers of young people entering and older

people leaving the working ages. To the extent that cohort turnover affects convergence

in aging, there is little room for policy options as the impact of cohort turnover can

only be affected in the long run. To the extent that mortality affects convergence in

aging, one main question is whether convergence in mortality would lead to convergence

in aging. To the extent that migration affects convergence in aging, policy makers may

aim to affect the direction of migration flows between regions and countries.

We identify the role of demographic components that cause changes in the ratio of

the working-age to the non-working-age population (total support ratio (TSR)), thus

influencing convergence in aging. For that reason, we decompose the convergence in

TSR into the effects of changes in the non-working-age population and changes in the

working-age population. The latter is further decomposed into the effects of cohort

turnover, migration at working ages, and mortality at working ages. Finally, we examine

the time differences of convergence in TSR during the observed and projected parts of

the study period. The temporal decomposition of convergence in aging helps to identify

the turning points in the recent development of regional differences in population

structures and examine the possible future development.
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Demographic transition and convergence in aging
The demographic development after the baby boom is characterized by accelerating

population aging, as the relatively large cohorts of the baby boom come out of work-

ing ages, and below-replacement fertility does not provide equally large successive

cohorts (Lee 2003). Thus, it seems reasonable to expect convergence in aging at the

end of the demographic transition in Europe: European countries move along the

demographic transition path with varying timing and pace, and the differences

should diminish by the end of the process (Coleman, 2002). For example, as Dudley

Kirk points out (Kirk 1996, p. 366), similarities in demographic transition made

United Nations and World Bank base their population forecasts on the assumption

of a standard transition. Though, different timing of the second demographic transi-

tion due to cultural and behavioral variability (Lesthaeghe 2010) may affect the speed

of convergence in aging considerably. Thus, one important question is whether the

variability in population aging does or does not lead to convergence in aging at the

regional level in Europe and whether future changes may be different from recent

trends. We expect that cohort turnover, which reflects the existing disproportions in

population structures, will lead to convergence in aging, but it is less obvious what

will be the effect of mortality and migration.

In this paper, we use the methodological concept of beta convergence to test if the

variation in aging across European regions has increased or decreased. This method

was originally developed in the economic literature to study income inequalities (Barro

1991; Barro et al. 1991; Baumol 1986). The method was rarely applied to demographic

data before and, to our knowledge, was never used to analyze the development of re-

gional differences in the population age composition. Previous demographic papers

used convergence analysis techniques to study spatio-temporal regularities in mortality

(Edwards 2011; Edwards and Tuljapurkar 2005; Goesling and Firebaugh 2004; Janssen

et al. 2016; Neumayer 2004; Richardson et al. 2014; Tuljapurkar and Edwards 2011),

fertility (Dorius 2008; Wilson 2011), and migration (Barro and Sala-i-Martin 2003;

Huber and Tondl 2012; Kubis and Schneider 2015; Ozgen et al. 2010).

With the use of convergence analysis, we investigate whether regional differences

in aging increase or decrease over time in Europe. Beta convergence occurs when re-

gions which were less aged at the beginning of the study period experience stronger

population aging than the regions that were initially more aged. If there is beta con-

vergence, the model predicts that all regions would reach the steady-state level of

population aging in the future. If the condition is not satisfied, the modeling shows

that the regions experience divergence, and there is no reason to expect a reduction

in inequality.

Data and methods
Data

This paper uses Eurostat data on population structure (Eurostat 2015d) and mortality

records by 1-year age groups regions of EU281 for the period 2003–2012 (Eurostat

2015a). The data are aggregated at the NUTS-2 level, version of 2010 (Eurostat 2015c);

NUTS means Nomenclature of Territorial Units for Statistics. At the moment of data

acquisition (March 2015), mortality records covered the period up to 2012. For the

majority of regions, data on population structure are available since 2003. Hence, the
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availability of data limited the observed study period to 2003–2012. We also used Euro-

stat regional projections (Eurostat 2015b) for three more decades, 2013–2042.

For some regions, data were partially missing. Due to the changes in administrative

division at the NUTS-2 level, there were no data for all five regions of Denmark before

2007 (Kashnitsky 2017) and two regions in the eastern part of German, Chemnitz

(DED4) and Leipzig (DED5) before 2006. Furthermore, mortality data were missing

for Ireland in 2012, and population structure data were missing for Slovenia in

2003–2004. We reconstructed the missings using the data from national statistical

offices.

Exploratory data analysis showed inconsistency of population estimates for the re-

gions of Romania. There was a census in Romania in 2011 that registered a large, and

previously underestimated, decrease in population size. Evidently, the outmigration

from Romania was underreported. Yet no rollback corrections were made, and Eurostat

provides non-harmonized data for Romanian regions. Thus, we harmonized the popu-

lation figures for Romanian regions.2

Finally, we excluded all non-European remote territories of France, Portugal, and

Spain,3 which are outliers both in geographical and statistical terms.

The data set used for the analyses contains data for 263 NUTS-2 for the observed

(2003–2012) and projected (2013–2042) periods.
Measuring aging

We measure population aging as a decrease in the ratio of the working-age popula-

tion to the non-working-age population. In line with Eurostat and UN definitions, we

consider ages 15 and 65 as the margins of the working-age population. Thus, the

measure of aging that we use is the ratio of population aged 15–64 to the population

below 15 years of age and above 65. We call this indicator the total support ratio

(TSR), which is in fact the inverse of the widely used total dependency ratio (UN

Population Division 2002). There is some confusion around the use of the term sup-

port ratio in the literature. Quite often, children are not included in the calculation

of the support ratio (Lutz 2006; Lutz et al. 2003; O’Neill et al. 2001). In that case, the

indicator only shows the relative burden of the elderly population; UN Population

Division (UN Population Division 2002) calls this indicator potential support ratio. In

other papers, that deal not only with age structures of population but also with labor

force participation and transfer accounts, by support ratio, authors usually mean the

ratio of effective labor to effective consumers (Cutler et al. 1990; Lee and Mason

2010; Prskawetz and Sambt 2014). Another definition says that the support ratio is

the size of the labor force as a share of the adult population (Börsch-Supan 2003).

We prefer to explicitly call the ratio of the working-age to the non-working-age

population the total support ratio, in line with the logic of the three versions of

dependency ratio: total, youth, and old-age.
Decomposition of growth in the total support ratio

To explain which demographic factors cause changes in the TSR, we apply a two-step

decomposition. First, we examine to what extent changes in the TSR are due to

changes in the size of the working-age population and to what extent to changes in the
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size of the non-working-age population. Second, we examine the demographic causes

of changes in the working-age population.

At the first step, the overall change in the TSR is decomposed using the formula of

Das Gupta (Das Gupta 1991):

TSR2− TSR1 ¼ W 2
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where W is the working-age population, NW is the non-working-age population, and

subscripts 1 and 2 denote the beginning and the end of the period, respectively. The

two right-hand side terms of Eq. 1 represent the effects of changes in non-working-age

and working-age populations on the TSR, respectively. Note that changes in W affect

both the first and second terms, but the effect on the first term is very small compared

with that on the second term. The average change in the first term due to the changes

in the working-age population over all 263 regions was only −0.7% with a standard

deviation of 3.3%.

At the second step, the working-age term in the second term of the right-hand side of

Eq. 1 is decomposed further into changes due to the three components of the demo-

graphic balance at working ages: cohort turnover, migration, and mortality.

To estimate the components of change in working-age population, we use the demo-

graphic balance formula:

W 2 ¼ W 1 þ CTþMW−DW ð2Þ

where CT is the cohort turnover between periods 1 and 2, MW is the net migration at

working ages, and DW is the number of deaths at working ages. As the accuracy of mi-

gration records is always a problematic issue, following De Beer, Erf, and Huisman

(2012), we derive net migration at working ages indirectly from Eq. 2 for the observed

period, 2003–2012. For the projected period, 2013–2042, the migration data are pro-

vided by Eurostat, so we derive the numbers of deaths using the demographic balance

formula. Cohort turnover is calculated as the difference between people entering working

ages, aged 14, and people leaving working ages, aged 64.

Replacing the W 2 �W 1 part of the working-age term in Eq. 1 using the demographic

balance formula, Eq. 2, yields

1
2
� 1

NW2
þ 1
NW1

� �
� W 2−W 1ð Þ ¼ 1

2
� 1

NW2
þ 1
NW1

� �
� CT

� �

þ 1
2
� 1

NW2
þ 1
NW1

� �
�MW

� �

−
1
2
� 1

NW2
þ 1
NW1

� �
� DW

� �
ð3Þ

The three right-hand side terms of Eq. 3 denote the effects of cohort turnover, migra-
tion at working ages, and mortality at working ages on TSR, respectively.
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Beta-convergence aproach to aging

To estimate beta convergence, we use the classical linear regression model specifica-

tion, where change in a variable (in our case, total support ratio) over some period is

regressed on the initial level. The specification looks as follows

TSR2−TSR1 ¼ αþ β TSR1 þ ε ð4Þ

where TSR is the total support ratio, α is the intercept of the regression line, β is the re-

gression coefficient, and ε is the error term. If the regression coefficient is negative,

then beta convergence is observed between years 1 and 2, meaning that the change in

TSR is negatively correlated with the initial level of the TSR. Thus, beta convergence

implies that a region with a relatively high TSR experiences less growth in the TSR than

a region with a low TSR.

In convergence analysis, weights reflecting population sizes are often used (Dorius

2008; Goesling and Firebaugh 2004; Milanovic 2005; Theil 1989). Population-weighted

convergence analysis shows whether inequality in the population becomes smaller; unit-

weighted (in fact, non-weighted, as all units receive equal weights) convergence analysis

tests whether the differences between units (countries/regions/districts) decrease. In this

study, we are interested in the development of European regions as statistical units; thus,

we choose the unit-weighted convergence analysis. Our choice is driven by the fact that

European cohesion policy is aimed at regions, irrespective of their population sizes.4

The specification of the regression model allows to perform a decomposition of con-

vergence (the beta coefficient) into various separate effects. To understand how each of

the demographic factors contributed to beta convergence in aging, we decompose the

dependent variable, the change in TSR (see the previous subsection), and run separate

regressions for each partial change in TSR keeping the explanatory variable, the initial

value of TSR, constant. A partial regression model shows the beta convergence of re-

gions taking into account only the change in TSR due to the component under consid-

eration. As the components of change in TSR add up to total change, and all the

partial models have the same regressor, beta coefficients of the partial models add up

to the total effect. That means, beta coefficients from convergence models for the

change in TSR due to the dynamics of non-working-age population (nw) and working-

age population (w) add up to the beta coefficient of the overall model (g), and beta co-

efficients from the models for cohort turnover (ct ), migration at working ages (mg),

and mortality at working ages (mt) effects on TSR growth add up to beta coefficient

from the model for the working-age population dynamics’ effect. For the ease of nota-

tion, we will refer to the partial model using the above symbols in brackets.

To use further the additive feature of the models, we ran a separate regression for each

partial change in TSR in each year, dividing the study period into four decades—for each

of the decades, the initial TSR distribution is used as an explanatory variable. The tem-

poral decomposition gives insight into how the convergence process evolves throughout

the study period. Summing up, in this paper, we use two dimensions of the decomposition

of convergence in aging: demographic factors of the change in the TSR and time.

Software

The analysis and the necessary data preparation were conducted using R, a language

and environment for statistical computing, version 3.3.2 (R Core Team 2016). The
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crucial additional packages include dplyr (Wickham and Francois 2015), tidyr (Wickham

2016b), ggplot2 (Wickham 2016a), viridis (Garnier 2016), and rgdal (Bivand et al. 2015).

All the scripts are in the attachment for reproducibility.

Results
Descriptive results

The maps in Fig. 1 clearly reveal the story of a rapidly aging Europe. The first and

the last maps show total support ratios of European NUTS-2 regions at the begin-

ning and at the end of the whole study period, 2003 and 2043, 10 observed and 30

projected years; color scales are fixed for easier comparison. Virtually, every single

region experiences a substantial decrease in the TSR over the study period; the

average of all European regions decreased from 2.02 in 2003 to 1.96 in 2013 and is

projected to further decrease to 1.37 by 2043, a 33% decrease over a period of

40 years (Fig. 2).

The spatial variation of the TSR across Europe is distinct both in the beginning

and in the end of the study period. The spatial pattern seems very similar despite the

40 years of pronounced changes. Regions in Eastern Europe were relatively high in

the initial distribution, and they are expected to remain in the top by the end of the

study period: the dots in Fig. 2, colored according to the macro regions of Europe,5

show quite limited perturbation over time, and the lines showing the averages of

subregions suggest the same. Even though the difference between East-European re-

gions and the rest of Europe narrows, the distribution pattern changes only slightly.

The most prominent changes happen in the regions of Eastern Germany, a very spe-

cial part of Europe in terms of demographic development (Klüsener and Goldstein

2016). Those regions were “closing the opportunities window” of demographic

dividend at the beginning of the study period (Van Der Gaag and De Beer 2015).

Thus, they experienced the biggest drop in the TSR during the first decade

(Fig. 1b). With a usual decade-longtime lag, East-European regions are starting to

experience a similar drop in the second decade of our study period (Fig. 1c). Yet,

unlike Eastern Europe, the regions of Eastern Germany continue to descent from

the top of the TSR distribution to the bottom. Quite a big decrease in the TSR

happens in Southern Europe, especially in Spain, where the migration-driven tem-

porary increase in the TSR is gradually changing towards a projected long-run de-

crease, which is mainly driven by population structure dynamics together with low

fertility. The changes in the TSR over the four decades of the study period suggest

that the east-west gradient in Europe is likely to change to a north-south gradient

in the coming future.

The development of subregions’ average TSR over the study period (Fig. 2) demon-

strates the cyclic effect of demographic waves, which is most evident for Eastern

Europe but also visible for other two subregions—Southern and Western Europe.

These demographic waves have a major effect on TSR and thus may considerably

affect convergence in aging. The most interesting effect is the rapid TSR decrease that

starts in 2010, when the large generation of European baby boomers started to cross

the 65 years boundary (Reher 2015; Van Bavel and Reher 2013).

Some specific regions experience development that differs much from the other

neighboring regions. For example, London, the biggest economic center in Europe,



Fig. 1 Total support ratio dynamics in the four decades between 2003 and 2043. Notes: a TSR in 2003. b
TSR growth during the observed period, 2003–2012. c–e TSR growth in the three decades of the projected
period, 2013–2022, 2023–2032, and 2033–2042, correspondingly. f TSR in 2043. Color scales are fixed for
better comparison: (1) in maps a and f and (2) in maps b, c, d, and e

Kashnitsky et al. Genus  (2017) 73:2 Page 8 of 25
succeeds in constant attraction of relatively young population, which results in ex-

tremely high TSR (see the top path in Fig. 2 and also Figure 10 in Appendix). In

contrast, regions of Eastern Germany experienced massive out-migration that,

coupled with a strong shock of the lowest-low fertility in the recent past, results in

a dramatic drop of TSR (see the bottom paths in Fig. 2 and Fig. 1).



Fig. 2 Total support ratio dynamics in Europe during the period 2003–2042, NUTS-2 regions, four subregions’
averages, and the European average. Notes: Each NUTS-2 region’s TSR value in each year of the study period is
represented with a point colored according to EuroVoc definition of European subregions. Lines represent
group averages. The most prominent outliers (London—top; and five regions of Easrtern Germany, excl.
Berlin—bottom) are also labeled. Observed period marked with a light-gray background
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Decomposition of TSR growth

As described in the methodological part of the paper, the overall change in the TSR (g)

can be decomposed into the effects of changes in the non-working-age population (nw)

and the effects of changes in the working-age population (w). The latter can be further

decomposed into the effects of cohort turnover (ct), migration at working ages (mg),

and mortality at working ages (mt).

Figure 3 presents the two-step decomposition of change in the TSR during the whole

study period (similar sets of maps for each of the decades can be found in the Appendix,

Figures 6, 7, 8, and 9). Each of the partial effects reveals substantial variation across

NUTS-2 regions, countries, and EuroVoc subregions. Not only the overall dynamics of

the TSR are highly uneven but also the dynamics of each component.

The map of the overall change in the TSR (Fig. 3a) highlights the areas that faced the

biggest absolute change. Eastern Germany experienced the most pronounced drop in

the support ratio, with a considerable gap following Czech Republic, Slovenia, Spain,

Northern Italy, Hungary, and Bulgaria. The biggest increase happened in Belgium

(particularly, in Wallonia, the Southern part) and Luxembourg, Sweden, the UK, and

Southern France.

The spatial variation in the TSR change due to the dynamics of non-working-age

population (Fig. 3b) reveals two main findings. First, there is an evident north-south

gradient, which can be explained by long-persisting European differences in fertility



Fig. 3 Decomposition of change in TSR between 2003 and 2043. Notes: a Overall change. b Change due to
dynamics in non-working-age population. c Change due to dynamics in working-age population. d Change
due to cohort turnover. e Change due to migration at working ages. f Change due to mortality at working
ages. Color scales are panel specific due to the big difference in variables’ distributions
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levels. Second, almost all major metropolitan regions are clearly visible because they

experience a relatively sharp decline in the TSR due to the changes in the non-

working-age population: Stockholm, Helsinki, Copenhagen, London, Amsterdam,

Berlin, Prague, Budapest, Bucharest, Vienna, Paris, Rome, and Madrid. Evidently,

population replacement in the metropolitan areas is mainly driven by migration
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(Fig. 3e), rather than cohort turnover. The spatial variation of the TSR growth due to

the changes in working-age population (Fig. 3c) clearly shows the attractiveness of the

regions for the labor force.

The spatial pattern of changes in the TSR due to cohort turnover (Fig. 3d) is dis-

tinctively similar to what we know about fertility (Frejka and Sobotka 2008) and child

migration levels in Europe (Wilson et al. 2013). Interestingly, lots of metropolitan

areas have relatively higher increase or lower decrease in the TSR due to cohort turn-

over, which, probably, means that quite often, people leave these areas before turning

65 (see, for example, the development of the population pyramid of London in the

Appendix, Figure 10). The effect of migration at working ages on the TSR (Fig. 3e),

apart from the mentioned above metropolitan areas regularity, shows some east-west

gradient: emigration of working-age population from East-European regions, and es-

pecially from Baltic countries, is particularly high. But the most pronounced east-west

gradient appears at the map of mortality at the working ages component of the

change in the TSR (Fig. 3f ). The prevalence of mortality at ages between 15 and 64 in

the regions of Eastern Europe is striking. Even the optimistic convergence-based sce-

narios of Eurostat population projection do not promise that this divide would vanish

in the coming three decades (Fig. 4f ).

Figure 4 illustrates the importance of demographic waves in the development of

population structures. This is particularly evident for East-European regions. The

downfall of fertility in the 1990s produced a very small generation giving a short-term

alleviating effect (demographic dividend), but resulting in a big negative impact of co-

hort turnover on the TSR 15 years later and a smaller alleviating echo effect about

30 years later. The timing of the effect of migration on the change in the TSR is only

visible in the observed part of the study period. The pre- and post-2008 economic crisis

migration shocks are very pronounced (note also that the y-axis scale range is relatively

big for the migration component). In the projected part of the study period, according

to the converging baseline assumption, migration intensities are extrapolated with re-

ducing variance, which result in a very smooth development of an almost fixed distri-

bution. With such a projection, migration at working ages can hardly have any effect

on convergence in aging (see the next subsection).

Beta-convergence analysis

The results of the beta-convergence modeling for all regions of Europe are shown in

Fig. 5; panels A and B show the components of the first and the second steps of the

decomposition of changes in the TSR, respectively. Each point in the plot represents

an estimate of the beta coefficient from the corresponding partial model. Panels C

and D show the same model estimates but in a cumulative way, revealing the overall

convergence process throughout the study period.

The dynamics of beta coefficients from g models indicate that there was divergence

(positive beta coefficients) in 2003 and 2004 and then convergence (negative beta coef-

ficients) for the rest of the observed period with local peaks in 2009 and 2013. The

rapid convergence continues till the beginning of the 2020s. From two previous results

subsections, we know that this period is characterized by the anticipated rapid decrease

in the TSR in East-European regions. Then, there is hardly any convergence in the

2020s and early 2030s while East-European regions experience an alleviating echo effect



Fig. 4 a–f Distributions of the decomposed components of change in TSR, all years between 2003 and 2043.
Notes: Each NUTS-2 region is represented with a point colored according to EuroVoc definition of European
subregion. Scales on y-axes are panel specific due to the big difference in variables’ distributions
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of a relatively smaller generation born to the very small generation of parents born

in the 1990s (see, for example, population pyramids for Romania in the Appendix,

Figure 11). Finally, fast convergence starts again in the middle of the 2030s when the

smaller “echo generation” enters working ages. In short, most of the regional conver-

gence in aging in Europe seems to be driven by the dynamics of the TSR in the re-

gions of Eastern Europe.



Fig. 5 Bi-dimensional decomposition of beta-convergence estimates by (1) component of change in TSR
and (2) time. Notes: Each point represents beta coefficient from the corresponding partial model. The left
panels show the first step of TSR growth decomposition; the right panels shows the second step. Panels
a and b show beta-convergence estimates for each year separately; panels c and d show the cumulative
effect. Observed period marked with a light-gray background
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Thus, the overall convergence trend is mainly set by changes in the size of the non-

working-age population in the first half of the study period; changes in the size of the

working-age population contribute much less to the overall convergence. Though, in the

second half of the study period, convergence is mainly driven by the working-age popula-

tion. In the end, the cumulative contributions of both components are almost equal.

The contribution of ct is very similar to the effect of nw: it contributes to divergence

slightly in the beginning of the period and then follows closely the population structure

dynamics in Eastern Europe. The impact of mg is quite insignificant throughout the

study period due to the mentioned above features of Eurostat regional population pro-

jection. The influence of mt is the most stable, which can be explained by the very slow

pace of changes in mortality rates and the huge initial differences between Eastern Eur-

ope and the rest. It contributes to convergence because both the initial TSR and mor-

tality rates at working ages are higher in East-European regions. By the end of the

study period, the cumulative effect of the moderate but stable year-by-year mt contri-

butions accounts for about 40% of the convergence in w.

Conclusion and discussion
In this paper, we investigate how regional differences in population aging across Europe

developed over the last decade and how they are likely to evolve in the coming three

decades. The results show that there was convergence in aging during the biggest part

of the period 2003–2012 and it is anticipated during the first and the third decades of

the projected period (2013–2022 and 2033–2042). Note that the occurrence of
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convergence in the future depends on the accuracy of the Eurostat projections. These

projections depend on assumptions about future changes in cohort turnover, mortality,

and migration. While assumptions about cohort turnover and mortality generally are

reliable, the validity of assumptions about future migration is rather uncertain.

The speed of convergence depends mainly on the development of the total support

ratio in East-European regions in relation to the rest of Europe. Convergence is, by

definition, a temporary process. The convergence in aging among European NUTS-2

regions throughout the 40 years long study period can be explained by the fact that

the initial variation in aging was at a local peak because of the East-European regions

that experienced the ending phase of the window of demographic opportunities.

Population structures affect convergence in aging through cohort turnover and

changes in the size of the non-working-age population. Growth of the non-working-age

population is responsible for approximately half of the overall convergence in the study

period. Of the second half, which is attributed to the effect of growth in the working-

age population, cohort turnover is responsible for about 60% of the effect.

Mortality at working ages has the most stable impact on convergence in aging. It

accounts for about 40% of the convergence effect through changes in the size of the

working-age population. Interesting in itself, this finding limits the scope for policy op-

tions: if policy makers aim at convergence in mortality, this may be in conflict with

aiming at convergence in population aging. Even though convergence in aging may be

desirable, the persisting higher mortality in East-European regions is, by no means, a

policy option. Yet this component is likely to contribute significantly to convergence in

aging in the coming decades because improvements in mortality rates go very slowly

(Vallin and Meslé 2004).

Quite surprisingly, migration at working ages assumptions in the Eurostat projections

has an almost no effect on convergence in aging in the long run. This can be explained

by the assumption that there will be convergence in every demographic indicator,

which are baseline assumptions of the EUROPOP2013 regional population projections.

Interestingly, the contribution of migration at working ages is crucial in explaining the

biggest fluctuation of the effect of change in working-age population during the ob-

served period. The most notable is the change of the trend in 2009, which is likely to

be caused by sharpened out-migration from East-European regions after the outbreak

of the economic crisis, and the preceding local peak of 2004–2005 was, most likely,

linked to the increased migration intensities after the biggest EU enlargement. The rela-

tive importance of migration during the observed period and the lack of effect on the

projected period indicate that convergence in migration flows, as projected by the basic

Eurostat scenario, may not be the most realistic outcome.

The relatively big impact of cohort turnover leaves room for policy options, since the

size of the impact depends on the age boundaries of 15 and 65 years. If policies aimed

at raising the retirement age will be effective, the upper age boundary of 65 should be

raised. This will have a positive impact on the level of the TSR. Note that crossing the

age margin of 65 may have different implications for different parts of Europe due to

varying participation rates after 65 (Sanderson and Scherbov 2010, 2015; Sanderson

and Scherbov 2007). Similarly, with the persistent growth of educational attainment,

the lower border of working ages may be raised (Harper 2014). This will have a nega-

tive impact on the level of the TSR. In this paper, we focused on the pure demographic
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effects that alter population structures, but the societal meaning of age is not constant.

Thus, the use of more nuanced definitions of dependent populations (Spijker and

MacInnes 2013) and labor support (Prskawetz and Sambt 2014) are welcome in the

further research on regional convergence in population aging in Europe.

One important question is whether convergence in population aging contributes to

economic convergence. Although researchers mainly find proofs of the negative effects

of accelerating aging on the economy and on social structures, some demographers call

for a calmer evaluation of the consequences of aging (Lloyd-Sherlock et al. 2012; Van

Dalen and Henkens 2011; Vaupel and Loichinger 2006). Moreover, some economists

even doubt the negative influence of population aging on economic development, at

least in the beginning of the period of accelerated aging (Gómez and De Cos 2008).

But even if we rely on a negative link between aging and economic development, the

interplay between convergence in aging and economic cohesion is not stable over

time and space: it depends on the change in productivity and labor force participation

(Kashnitsky et al. 2017).

The mentioned limitations ask for further research on convergence in aging. In this

paper, we analyzed for the first time the evolution of population structures using

beta-convergence modeling and attempted to understand how demographic compo-

nents of population growth contribute to the convergence process. Our results to-

gether with theoretical aspirations and prior research in the field (De Beer et al. 2012)

indicate that examining urban/rural differences will be very useful for the analysis of

convergence in aging.

Endnotes
1Currently (as of 2017), European Union consists of 28 countries, which are the

following: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark,

Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania,

Luxembourg, Malta, The Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia,

Spain, Sweden, and UK.
2Using 2003 population structure as the reference and the mortality data, we estimate

cohort-wise the anticipated population structure in 2012 with an assumption of no

migration. The difference between the estimated and the observed population is ex-

plained by migration. While harmonizing the data, we kept the observed migration

trends and distributed the excessive migration evenly across all the years of observa-

tion before 2012.
3The excluded NUTS-2 regions are the following: ES63, ES64, ES70, FR91, FR92,

FR93, FR94, PT20, and PT30.
4One of the objectives of NUTS was to provide more or less comparable administra-

tive division for all countries of Europe. Nevertheless, in 2013, population figures for

single NUTS 2 regions ranged from 28.5 thousands in Aland island (Finland) to almost

12 million in Ile-de-France (Paris and surroundings, France).
5We divide Europe into three subregions: eastern, southern, and western. Initially, we

tried to use the official subdivision of European countries into northern, western,

southern and eastern parts (EuroVoc 2015). But the subset of northern regions turned

out to be too small and heterogeneous. So we merged Scandinavia with Western Europe

and Baltic regions—with Eastern Europe.
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Fig. 6 Decomposition of change in TSR between 2003 and 2013. Notes: a Overall change. b Change due to
dynamics in non-working-age population. c Change due to dynamics in working-age population. d Change
due to cohort turnover. e Change due to migration at working ages. f Change due to mortality at working
ages. Color scales are panel specific due to the big difference in variables’ distributions
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Fig. 7 Decomposition of change in TSR between 2013 and 2023. Notes: a Overall change. b Change due to
dynamics in non-working-age population. c Change due to dynamics in working-age population. d Change
due to cohort turnover. e Change due to migration at working ages. f Change due to mortality at working
ages. Color scales are panel specific due to the big difference in variables’ distributions
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Fig. 8 Decomposition of change in TSR between 2023 and 2033. Notes: a Overall change. b Change due to
dynamics in non-working-age population. c Change due to dynamics in working-age population. d Change
due to cohort turnover. e Change due to migration at working ages. f Change due to mortality at working
ages. Color scales are panel specific due to the big difference in variables’ distributions
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Fig. 9 Decomposition of change in TSR between 2033 and 2043. Notes: a Overall change. b Change due to
dynamics in non-working-age population. c Change due to dynamics in working-age population. d Change
due to cohort turnover. e Change due to migration at working ages. f Change due to mortality at working
ages. Color scales are panel specific due to the big difference in variables’ distributions
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Fig. 10 Population pyramids of London in 2003 and 2013

Fig. 11 a–d Population pyramids of Eastern Europe in 2003, 2013, 2023, 2033, and 2043

Kashnitsky et al. Genus  (2017) 73:2 Page 22 of 25



Kashnitsky et al. Genus  (2017) 73:2 Page 23 of 25
Acknowledgements
We thank our colleagues at NIDI (Netherlands Interdisciplinary Demographic Institute) and RUG (University of
Groningen) for their valuable comments on the draft of this paper discussed at HAPS (Healthy Ageing Population
Studies) seminar and at NIDI Feedback Forum. Special thanks to Nicole van der Gaag.

Funding
This research has been supported information by Erasmus Mundus Action 2 grant in Aurora ll (2013-1930).

Authors’ contributions
IK and JdB designed the study and developed the methodology. IK processed the data, analyzed and visualized the
results, and wrote the manuscript. JdB aided in interpreting the results and in drafting the manuscript. LvW critically
reviewed the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 17 November 2016 Accepted: 27 March 2017

References

Barro, R. J. (1991). Economic growth in a cross section of countries. The Quarterly Journal of Economics, 106(2), 407–443.

https://doi.org/10.2307/2937943.
Barro, RJ, & Sala-i-Martin, X (2003). Economic Growth, 2nd Edition (MIT Press Books). The MIT Press. Retrieved from

https://ideas.repec.org/b/mtp/titles/0262025531.html.
Barro, RJ, Sala-i-Martin, X, Blanchard, OJ, & Hall, RE (1991). Convergence across states and regions. Brookings Papers on

Economic Activity, 107–182. https://doi.org/10.2307/2534639.
Baumol, W. J. (1986). Productivity growth, convergence, and welfare: what the long-run data show. American Economic

Review, 76(5), 1072–1085. Retrieved from https://ideas.repec.org/a/aea/aecrev/v76y1986i5p1072-85.html.
Bivand, R, Keitt, T, & Rowlingson, B (2015). rgdal: bindings for the geospatial data abstraction library (version 1.1-3).

Retrieved from https://CRAN.R-project.org/package=rgdal.
Bloom, DE, Chatterji, S, Kowal, P, Lloyd-Sherlock, P, McKee, M, Rechel, B, … Smith, JP. (2015). Macroeconomic

implications of population ageing and selected policy responses. The Lancet, 385(9968), 649–657.
https://doi.org/10.1016/S0140-6736(14)61464-1.

Börsch-Supan, A. (2003). Labor market effects of population aging. Labour, 17, 5–44. https://doi.org/10.1111/1467-9914.17.
specialissue.2.

Coleman, D. A. (2002). Populations of the industrial world — a convergent demographic community? International
Journal of Population Geography, 8(5), 319–344. https://doi.org/10.1002/ijpg.261.

Core Team, R. (2016). R: a language and environment for statistical computing (version 3.2.4). Vienna: R Foundation for
Statistical Computing. Retrieved from https://www.R-project.org/.

Cutler, D. M., Poterba, J. M., Sheiner, L. M., & Summers, L. H. (1990). An aging society: opportunity or challenge?
Brookings Papers on Economic Activity, 21(1), 1–74. https://doi.org/10.2307/2534525.

DasGupta, P. (1991). Decomposition of the difference between two rates and its consistency when more than two
populations are involved. Mathematical Population Studies, 3(2), 105–125. https://doi.org/10.1080/08898489109525329.

De Beer, J, Erf, R, & Huisman, C (2012). The growth of the working age population: differences between rural and urban
regions across Europe (NEUJOBS No. D 8.1). The Hague: NIDI. Retrieved from http://www.neujobs.eu/publications/
working-papers/growth-working-age-population-differences-between-rural-and-urban-region.

Diaconu, L. (2015). Ageing population: comparative analysis among European Union states. CES Working Papers, 7(1),
50–59. Retrieved from http://econpapers.repec.org/article/jeswpaper/y_3a2015_3av_3a7_3ai_3a1_3ap_3a50-59.htm.

Dorius, S. F. (2008). Global demographic convergence? A reconsideration of changing intercountry inequality in fertility.
Population and Development Review, 34(3), 519–537. https://doi.org/10.1111/j.1728-4457.2008.00235.x.

Dukhovnov, D., & Zagheni, E. (2015). Who takes care of whom in the United States? Time transfers by age and sex.
Population and Development Review, 41(2), 183–206. https://doi.org/10.1111/j.1728-4457.2015.00044.x.

Ediev, D. M. (2013). Why increasing longevity may favour a PAYG pension system over a funded system. Population
Studies, 68(1), 95–110. https://doi.org/10.1080/00324728.2013.780632.

Edwards, R. D. (2011). Changes in world inequality in length of life: 1970–2000. Population and Development Review, 37(3),
499–528. https://doi.org/10.1111/j.1728-4457.2011.00432.x.

Edwards, R. D., & Tuljapurkar, S. (2005). Inequality in life spans and a new perspective on mortality convergence
across industrialized countries. Population and Development Review, 31(4), 645–674. https://doi.org/10.1111/j.
1728-4457.2005.00092.x.

European Commission (2015). The 2015 ageing report: underlying assumptions and projection methodologies.
Joint Report Prepared by the European Commission (DG ECFIN) and the Economic Policy Committee (AWG).

Eurostat (2015). Deaths by age, sex and NUTS 2 region. Retrieved March 4, 2015, from http://ec.europa.eu/eurostat/
estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d.

Eurostat (2015). EUROPOP2013—regional population projections. European Commission. Retrieved from http://ec.
europa.eu/eurostat/cache/metadata/EN/proj_esms.htm#meta_update1452774602229.

Eurostat (2015). History of NUTS. Retrieved September 21, 2015, from http://ec.europa.eu/eurostat/web/nuts/history.

https://doi.org/10.2307/2937943
https://ideas.repec.org/b/mtp/titles/0262025531.html
https://doi.org/10.2307/2534639
https://ideas.repec.org/a/aea/aecrev/v76y1986i5p1072-85.html
https://cran.r-project.org/package=rgdal
https://doi.org/10.1016/S0140-6736(14)61464-1
https://doi.org/10.1111/1467-9914.17.specialissue.2
https://doi.org/10.1111/1467-9914.17.specialissue.2
https://doi.org/10.1002/ijpg.261
https://www.r-project.org/
https://doi.org/10.2307/2534525
https://doi.org/10.1080/08898489109525329
http://www.neujobs.eu/publications/working-papers/growth-working-age-population-differences-between-rural-and-urban-region
http://www.neujobs.eu/publications/working-papers/growth-working-age-population-differences-between-rural-and-urban-region
http://econpapers.repec.org/article/jeswpaper/y_3a2015_3av_3a7_3ai_3a1_3ap_3a50-59.htm
https://doi.org/10.1111/j.1728-4457.2008.00235.x
https://doi.org/10.1111/j.1728-4457.2015.00044.x
https://doi.org/10.1080/00324728.2013.780632
https://doi.org/10.1111/j.1728-4457.2011.00432.x
https://doi.org/10.1111/j.1728-4457.2005.00092.x
https://doi.org/10.1111/j.1728-4457.2005.00092.x
http://ec.europa.eu/eurostat/estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d
http://ec.europa.eu/eurostat/estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d
http://ec.europa.eu/eurostat/cache/metadata/EN/proj_esms.htm#meta_update1452774602229
http://ec.europa.eu/eurostat/cache/metadata/EN/proj_esms.htm#meta_update1452774602229
http://ec.europa.eu/eurostat/web/nuts/history


Kashnitsky et al. Genus  (2017) 73:2 Page 24 of 25
Eurostat (2015). Population on 1 January by age, sex and NUTS 2 region. Retrieved March 4, 2015, from http://ec.
europa.eu/eurostat/estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d.

EuroVoc (2015). Subregions of Europe. Retrieved September 9, 2015, from http://eurovoc.europa.eu/drupal/?q=request&mturi=
http://eurovoc.europa.eu/100277&language=en&view=mt&ifacelang=en.

Feldstein, MS (2006). The effects of the ageing European population on economic growth and budgets: implications for
immigration and other policies (working paper no. 12736). National Bureau of Economic Research. Retrieved from
http://www.nber.org/papers/w12736.

Frejka, T., & Sobotka, T. (2008). Overview chapter 1: fertility in Europe: diverse, delayed and below replacement.
Demographic Research, 19(3), 15–46. https://doi.org/10.4054/DemRes.2008.19.3.

Garnier, S (2016). viridis: default color maps from “matplotlib” (version 0.3.3). Retrieved from https://CRAN.R-project.org/
package=viridis.

Giannakouris, K (2008). Ageing characterises the demographic perspectives of the European societies. Statistics in Focus, 72,
2008. Retrieved from http://ec.europa.eu/eurostat/documents/3433488/5583040/KS-SF-08-072-EN.PDF/1c8f668a-d1d9-
42cb-80b1-eaf3dfc1b7df.

Goesling, B., & Firebaugh, G. (2004). The trend in international health inequality. Population and Development Review,
30(1), 131–146. https://doi.org/10.1111/j.1728-4457.2004.00006.x.

Gómez, R., & De Cos, P. H. (2008). Does population ageing promote faster economic growth? Review of Income and
Wealth, 54(3), 350–372. https://doi.org/10.1111/j.1475-4991.2008.00279.x.

Gregory, T., & Patuelli, R. (2015). Demographic ageing and the polarization of regions—an exploratory space–time
analysis. Environ Plan A, 47(5), 1192–1210. https://doi.org/10.1177/0308518X15592329.

Gruber, J, & Wise, DA (2009). Social security programs and retirement around the world. University of Chicago Press.
Retrieved from http://www.emeraldinsight.com/doi/pdfplus/10.1016/S0147-9121(99)18018-X.

Hammer, B., & Prskawetz, A. (2013). The public reallocation of resources across age: a comparison of Austria and
Sweden. Empirica, 40(3), 541–560. https://doi.org/10.1007/s10663-013-9219-x.

Harper, S. (2014). Economic and social implications of aging societies. Science, 346(6209), 587–591. https://doi.org/10.
1126/science.1254405.

Huber, P., & Tondl, G. (2012). Migration and regional convergence in the European Union. Empirica, 39(4), 439–460.
https://doi.org/10.1007/s10663-012-9199-2.

Janssen, F., van den Hende, A., de Beer, J. A. A., & van Wissen, L. J. G. (2016). Sigma and beta convergence in
regional mortality: a case study of the Netherlands. Demographic Research, 35(4), 81–116. https://doi.org/10.
4054/DemRes.2016.35.4.

Kashnitsky, I. (2017, March 16). Working with spatial data to generate a consistent demographic time series. Retrieved
from https://demotrends.wordpress.com/2017/03/16/working-with-spatial-data-to-generate-a-consistent-
demographic-time-series/.

Kashnitsky, I, De Beer, JAA, & Van Wissen, LJG (2017). Economic convergence in ageing Europe. NIDI Working Papers.
Kirk, D. (1996). Demographic transition theory. Population Studies, 50(3), 361–387. https://doi.org/10.1080/

0032472031000149536.
Klüsener, S., & Goldstein, J. R. (2016). A long-standing demographic east–west divide in Germany. Population Space

Place, 22(1), 5–22. https://doi.org/10.1002/psp.1870.
Kubis, A, & Schneider, L (2015). Regional migration, growth and convergence—a spatial dynamic panel model of

Germany. Regional Studies, 1–15. https://doi.org/10.1080/00343404.2015.1059932.
Lee, R. (2003). The demographic transition: three centuries of fundamental change. Journal of Economic Perspectives,

17(4), 167–190. https://doi.org/10.1257/089533003772034943.
Lee, R., & Mason, A. (2010). Some macroeconomic aspects of global population aging. Demography, 47(S), S151–S172.

https://doi.org/10.1353/dem.2010.0002.
Lesthaeghe, R. (2010). The unfolding story of the second demographic transition. Population and Development Review,

36(2), 211–251. https://doi.org/10.1111/j.1728-4457.2010.00328.x.
Lloyd-Sherlock, P, McKee, M, Ebrahim, S, Gorman, M, Greengross, S, Prince, M, … others (2012). Population ageing

and health. The Lancet, 379(9823), 1295–1296. https://doi.org/10.1016/s0140-6736(12)60519-4.
Lutz, W. (2006). Fertility rates and future population trends: will Europe’s birth rate recover or continue to decline?

International Journal of Andrology, 29(1), 25–33. https://doi.org/10.1111/j.1365-2605.2005.00639.x.
Lutz, W., O’Neill, B. C., & Scherbov, S. (2003). Europe’s population at a turning point. Science, 299(5615), 1991–1992.

https://doi.org/10.1126/science.1080316.
Mahon, J. F., & Millar, C. C. (2014). ManAGEment: the challenges of global age diversity for corporations and governments.

Journal of Organizational Change Management, 27(4), 553–568. https://doi.org/10.1108/JOCM-05-2014-0100.
Milanovic, B. (2005). Half a world: regional inequality in five great federations. J Asia Pac Econ, 10(4), 408–445.

https://doi.org/10.1080/13547860500291562.
Neumayer, E. (2004). HIV/AIDS and cross-national convergence in life expectancy. Population and Development Review,

30(4), 727–742. https://doi.org/10.1111/j.1728-4457.2004.00039.x.
O’Neill, B. C., Balk, D., Brickman, M., & Ezra, M. (2001). A guide to global population projections. Demographic Research,

4(8), 203–288. https://doi.org/10.4054/DemRes.2001.4.8.
Ozgen, C., Nijkamp, P., & Poot, J. (2010). The effect of migration on income growth and convergence: meta-analytic

evidence. Papers in Regional Science, 89(3), 537–561. https://doi.org/10.1111/j.1435-5957.2010.00313.x.
Prskawetz, A., & Sambt, J. (2014). Economic support ratios and the demographic dividend in Europe. Demographic

Research, 30, 963–1010. https://doi.org/10.4054/DemRes.2014.30.34.
Reher, D. S. (2015). Baby booms, busts, and population ageing in the developed world. Population Studies, 69(sup1),

S57–S68. https://doi.org/10.1080/00324728.2014.963421.
Richardson, E. A., Pearce, J., Mitchell, R., Shortt, N. K., & Tunstall, H. (2014). Have regional inequalities in life expectancy

widened within the European Union between 1991 and 2008? Eur J Public Health, 24(3), 357–363. https://doi.org/
10.1093/eurpub/ckt084.

http://ec.europa.eu/eurostat/estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d
http://ec.europa.eu/eurostat/estat-navtree-portlet-prod/BulkDownloadListing?dir=data&sort=1&sort=2&start=d
http://eurovoc.europa.eu/drupal/?q=request&mturi=http://eurovoc.europa.eu/100277&language=en&view=mt&ifacelang=en
http://eurovoc.europa.eu/drupal/?q=request&mturi=http://eurovoc.europa.eu/100277&language=en&view=mt&ifacelang=en
http://www.nber.org/papers/w12736
https://doi.org/10.4054/DemRes.2008.19.3
https://cran.r-project.org/package=viridis
https://cran.r-project.org/package=viridis
http://ec.europa.eu/eurostat/documents/3433488/5583040/KS-SF-08-072-EN.PDF/1c8f668a-d1d9-42cb-80b1-eaf3dfc1b7df
http://ec.europa.eu/eurostat/documents/3433488/5583040/KS-SF-08-072-EN.PDF/1c8f668a-d1d9-42cb-80b1-eaf3dfc1b7df
https://doi.org/10.1111/j.1728-4457.2004.00006.x
https://doi.org/10.1111/j.1475-4991.2008.00279.x
https://doi.org/10.1177/0308518X15592329
http://www.emeraldinsight.com/doi/pdfplus/10.1016/S0147-9121(99)18018-X
https://doi.org/10.1007/s10663-013-9219-x
https://doi.org/10.1007/s10663-012-9199-2
https://doi.org/10.4054/DemRes.2016.35.4
https://doi.org/10.4054/DemRes.2016.35.4
https://demotrends.wordpress.com/2017/03/16/working-with-spatial-data-to-generate-a-consistent-demographic-time-series/
https://demotrends.wordpress.com/2017/03/16/working-with-spatial-data-to-generate-a-consistent-demographic-time-series/
https://doi.org/10.1080/0032472031000149536
https://doi.org/10.1080/0032472031000149536
https://doi.org/10.1002/psp.1870
https://doi.org/10.1080/00343404.2015.1059932
https://doi.org/10.1257/089533003772034943
https://doi.org/10.1353/dem.2010.0002
https://doi.org/10.1111/j.1728-4457.2010.00328.x
https://doi.org/10.1016/s0140-6736(12)60519-4
https://doi.org/10.1111/j.1365-2605.2005.00639.x
https://doi.org/10.1126/science.1080316
https://doi.org/10.1108/JOCM-05-2014-0100
https://doi.org/10.1080/13547860500291562
https://doi.org/10.1111/j.1728-4457.2004.00039.x
https://doi.org/10.4054/DemRes.2001.4.8
https://doi.org/10.1111/j.1435-5957.2010.00313.x
https://doi.org/10.4054/DemRes.2014.30.34
https://doi.org/10.1080/00324728.2014.963421
https://doi.org/10.1093/eurpub/ckt084
https://doi.org/10.1093/eurpub/ckt084


Kashnitsky et al. Genus  (2017) 73:2 Page 25 of 25
Sanderson, W., & Scherbov, S. (2007). A new perspective on population aging. Demographic Research, 16(2), 27–58.
https://doi.org/10.4054/DemRes.2007.16.2.

Sanderson, W. C., & Scherbov, S. (2010). Remeasuring aging. Science, 329(5997), 1287–1288. https://doi.org/10.1126/
science.1193647.

Sanderson, W. C., & Scherbov, S. (2015). Are we overly dependent on conventional dependency ratios? Population and
Development Review, 41(4), 687–708. https://doi.org/10.1111/j.1728-4457.2015.00091.x.

Spijker, J., & MacInnes, J. (2013). Population ageing: the timebomb that isn’t? BMJ, 347, f6598. https://doi.org/10.
1136/bmj.f6598.

Theil, H. (1989). The development of international inequality 1960–1985. Journal of Econometrics, 42(1), 145–155. https://
doi.org/10.1016/0304-4076(89)90082-1.

Tuljapurkar, S., & Edwards, R. D. (2011). Variance in death and its implications for modeling and forecasting mortality.
Demographic Research, 24(21), 497–526. https://doi.org/10.4054/DemRes.2011.24.21.

UN Population Division (2002). World population ageing, 1950–2050. New York: United Nations Publications.
Vallin, J., & Meslé, F. (2004). Convergences and divergences in mortality: a new approach of health transition.

Demographic Research, S2, 11–44. https://doi.org/10.4054/DemRes.2004.S2.2.
Van Bavel, J., & Reher, D. S. (2013). The baby boom and its causes: what we know and what we need to know.

Population and Development Review, 39(2), 257–288. https://doi.org/10.1111/j.1728-4457.2013.00591.x.
Van Dalen, H. P., & Henkens, K. (2011). Who fears and who welcomes population decline? Demographic Research, 25,

437–464. https://doi.org/10.4054/DemRes.2011.25.13.
Van Der Gaag, N., & De Beer, J. (2015). From demographic dividend to demographic burden: the impact of population

ageing on economic growth in Europe: from demographic dividend to demographic burden. Tijdschrift Voor
Economische En Sociale Geografie, 106(1), 94–109. https://doi.org/10.1111/tesg.12104.

Vaupel, J. W., & Loichinger, E. (2006). Redistributing work in aging Europe. Science, 312(5782), 1911–1913. https://doi.
org/10.1126/science.1127487.

Wickham, H (2016). ggplot2: an implementation of the grammar of graphics (version 2.1.0). Retrieved from https://cran.
r-project.org/package=ggplot2/.

Wickham, H (2016). tidyr: easily tidy data with ‘spread()’ and ‘gather()’ functions (version 0.4.1). Retrieved from
https://CRAN.R-project.org/package=tidyr.

Wickham, H, & Francois, R (2015). dplyr: a grammar of data manipulation (version 0.4.3). Retrieved from https://
CRAN.R-project.org/package=dplyr.

Wilson, C. (2011). Understanding global demographic convergence since 1950. Population and Development Review,
37(2), 375–388. https://doi.org/10.1111/j.1728-4457.2011.00415.x.

Wilson, C., Sobotka, T., Williamson, L., & Boyle, P. (2013). Migration and intergenerational replacement in Europe.
Population and Development Review, 39(1), 131–157. https://doi.org/10.1111/j.1728-4457.2013.00576.x.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

https://doi.org/10.4054/DemRes.2007.16.2
https://doi.org/10.1126/science.1193647
https://doi.org/10.1126/science.1193647
https://doi.org/10.1111/j.1728-4457.2015.00091.x
https://doi.org/10.1136/bmj.f6598
https://doi.org/10.1136/bmj.f6598
https://doi.org/10.1016/0304-4076(89)90082-1
https://doi.org/10.1016/0304-4076(89)90082-1
https://doi.org/10.4054/DemRes.2011.24.21
https://doi.org/10.4054/DemRes.2004.S2.2
https://doi.org/10.1111/j.1728-4457.2013.00591.x
https://doi.org/10.4054/DemRes.2011.25.13
https://doi.org/10.1111/tesg.12104
https://doi.org/10.1126/science.1127487
https://doi.org/10.1126/science.1127487
https://cran.r-project.org/package=ggplot2/
https://cran.r-project.org/package=ggplot2/
https://cran.r-project.org/package=tidyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://doi.org/10.1111/j.1728-4457.2011.00415.x
https://doi.org/10.1111/j.1728-4457.2013.00576.x

	Abstract
	Introduction
	Demographic transition and convergence in aging
	Data and methods
	Data
	Measuring aging
	Decomposition of growth in the total support ratio
	Beta-convergence aproach to aging
	Software

	Results
	Descriptive results
	Decomposition of TSR growth
	Beta-convergence analysis

	Conclusion and discussion
	Currently (as of 2017), European Union consists of 28 countries, which are the following: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxe...
	Acknowledgements
	Funding
	Authors’ contributions
	Competing interests
	Publisher’s Note
	References

