
Urbanization and regional difference in ageing in
Europe
Ilya Kashnitskya,b, Joop de Beera, and Leo van Wissena

aUniversity of Groningen / Netherlands Interdisciplinary Demographic Institute; bNational Research University Higher School of Economics

Publication: Population Studies, in revision.

1. Introduction

Human populations experience Demographic Transition at
varying timing and pace (Lee, 2003; Reher, 2004). While
booming population growth and persisting higher levels of
fertility is still the major issue in the least developed coun-
tries (Bloom, 2011), developed countries are most worried
about the rapid ageing of the population (Lutz et al., 2008;
Bloom et al., 2015) and the societal and economic chal-
lenges it poses for the future generations (Lloyd-Sherlock,
2000; Skirbekk, 2008; Christensen et al., 2009). As the
demographic dividend, the most profitable period of demo-
graphic modernization, when the burden on the working-
age population is the smallest, is left behind in most of
the developed countries (Van Der Gaag and De Beer, 2015),
the ways to deal with population ageing gradually become
the central topic of demographic debate (Van Nimwegen,
2013).

Even though all European countries experience popula-
tion ageing, there are relative differences in the speed of the
process across countries and regions (De Beer et al., 2012;
Rees et al., 2012; Kashnitsky et al., 2017). In the context
of rapidly ageing population (Giannakouris, 2008), migra-
tion becomes an increasingly important factor of population
change (Findlay and Wahba, 2013); David Coleman (2006)
goes as far as proposing the concept of the Third Demo-
graphic Transition, in which migration plays the key role
as a factor of population replacement. While more public
attention is fixed upon international migration (Van Wissen,
2001; Czaika and Haas, 2014), internal migration is crucial
in determining sub-national population structures (Rees et
al., 2013, 2017). And the key distinction in the relative
speed of population ageing at sub-national level is between
urban and rural areas, which is in turn largely driven by
migration, mostly internal (De Beer et al., 2012). Ageing
and urbanization are seen as the two main demographic
transitions of the developed populations (Beard and Petitot,
2010).

This paper examines differences in population ageing
across NUTS-2-regions. Most research on urban-rural dif-
ferences focuses on the local level, e.g. NUTS-3-regions
(Sabater et al., 2017; Gutiérrez Posada et al., 2018). How-
ever, at the NUTS-2 level much more internationally com-
parable statistics are available. Moreover, the NUTS-2-level

is the most important geographic level in terms of data in-
formed policy decisions (De Beer et al., 2012, 2014; Capello
and Lenzi, 2013; European Commission, 2014). Therefore
this paper examines urban-rural differences across the 261
NUTS-2 regions in EU-27 over the period 2003–2013 for
which a harmonized dataset is prepared1 (De Beer et al.,
2012, 2014).

Once we establish the concept of urbanization at NUTS-2
level, we explore whether urban-rural differences are con-
tributing towards convergence or divergence in population
ageing. The process of urbanization is likely to contribute
to a divergent pattern of ageing: Urbanized regions tend to
attract population at working ages, while rural regions are
left with a higher proportion of people out of the labor mar-
ket (Smailes et al., 2014). On the other hand, there is an
extensive evidence of urban health and longevity advantage
(Beard and Petitot, 2010; Kibele, 2014; Chen et al., 2017;
Naito et al., 2017). This urban health bonus coupled with
lower fertility in the most urbanized areas (Kulu et al., 2009;
Vobecká and Piguet, 2011; Van Nimwegen, 2013) are likely
to contribute to faster ageing in urban areas offsetting the
direct effect of urbanization (Zeng and Vaupel, 1989). Even
though there are multiple studies that document increasing
disproportions in local population structures (Chen et al.,
2017; Faggian et al., 2017; Sabater et al., 2017; Gutiérrez
Posada et al., 2018), it is rather unclear whether a similar
pattern can be found at the NUTS-2 level.

There are large demographic differences between East-
ern, Southern, and Western Europe that might also mani-
fest themselves in the process of urbanization. For exam-
ple, Shucksmith et al. (2009) found that the urban-rural
difference in the quality of life is much smaller in West-
ern Europe compared to Eastern Europe. Similarly, Crespo
Cuaresma et al. (2014) uncovered a large heterogeneity
between Eastern Europe regions. Even though on average
they are catching-up, the gap between the biggest urban re-
gions and the periphery is widening within the countries.
Multiple studies have revealed a widening gap between the
deprived peripheral regions and the better-off urban areas
in the countries of Southern Europe after the financial crisis
of 2008-2009 (Salvati, 2016; Salvati and Carlucci, 2017).
Thus our paper examines the differential effect of the urban-
rural divide on convergence or divergence in ageing in West-
ern, Southern and Eastern Europe.

1All the regions included in the analysis are available in the reference map in Appendix 1. The analyzed
countries do not include Croatia, which is a current state of European Union but it joined only in 2013.
United Kingdom, which exited European Union in 2020, is included. Here and throughout the paper the
references to groups of regions, e.g. Eastern Europe, means a subset from the analyzed EU-27 countries.
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2. Is there urbanization at the NUTS-2 regional
level?

The official Eurostat urban-rural classification exists only at
the NUTS-3 level (Eurostat, 2017); such a classification re-
quires quite a granular delimitation of urban areas, which
is only possible at low enough levels of spatial disaggre-
gation. However, most statistics comparable at the pan-
European level are aggregated at the NUTS-2 level, which is
the prime level of regional analysis within the EU. Also, the
Regional Cohesion policy programs operate at the NUTS-2
level (Leonardi, 2006). NUTS-2 regions are rather large:
on average, a NUTS-2 region has the size of 19.7K sq. km
and the population of 1.87M – that is comparable to a small
country like Slovenia (European Commission, 2014; Kash-
nitsky and Mkrtchyan, 2014). And almost every NUTS-2
region includes both urban and rural population, which
makes it difficult to classify the regions binary into urban or
rural. The challenging classification task was solved within
the NEUJOBS project (De Beer et al., 2012, 2014). To proxy
urban-rural differences, NUTS-2 regions were classified into
three categories: Predominantly rural, Intermediate, and
Predominantly urban. This classification was designed in
such a way to keep the population figures of the three cat-
egories as close as possible to that of the official Eurostat
NUTS-3 level classification. In this paper we use a simpli-
fied version of the NEUJOBS classification (Figure 1A).

On average, European regions aged a bit over the study
period, 2003–2013 (Figures 1B, 1C) – the mean share of
working age population (15–64) decreased by almost 1 per-
centage point, from 66.85 to 65.94 percent. At the same
time inequality in regional population age structures in-
creased – standard deviation of the share of working age
population rose from 2.26 to 2.50 percent, and the coeffi-
cient of variance rose accordingly from 0.034 to 0.038. This
large scale glance suggests that together with the dominant
mode population ageing there was divergence in population
age structures, at least as measured by these two variance
based metrics. The question we want to tackle is whether
this divergence could be explained to some extent by differ-
ential population age structure developments in urban and
rural regions. Yet, first we need to figure out if urbanization
is still happening in Europe.

There is evidence of both urbanization and counter-
urbanization going on in modern Europe at the local level
(Kabisch and Haase, 2011). If anything, regional paths
of economic (Ballas et al., 2017) and demographic (Wolff
and Wiechmann, 2017; Gurrutxaga, 2019) development
become rather more heterogeneous; Danko and Hanink
(2018) found similar results for the counties of the United
States. The reasonable question arises: do European re-
gions still experience urbanization when we look at the
urban-rural differences at the NUTS-2 level? To address
this question, we calculated total net age-specific migration
rates for all NUTS-2 regions using the demographic balance
approach (Kashnitsky et al., 2017). With such an approach,

Fig. 1. Reference maps of the EU-27 NUTS-2 regions: A – NEUJOBS urban-rural classi-
fication, inset map shows the division of European countries into Western, Southern, and
Eastern parts, mosaic plot in the top-left corner gives the relative frequencies of the regions
across the three parts of Europe and urban/intermediate/rural classification; B, C – share
of working age population in 2003 and 2013. See Appendix 1 for the reference map with
all the regions labelled.
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Fig. 2. Age-specific total net migration rates by urban-rural types of NUTS-2 regions, pulled
single year data for the period 2003-2012. Note: the lines are GAM smoothing. Source:
own calculations based on demographic balance; migration change includes both internal
and international migration.

we capture age-specific change in population size due to to-
tal migration not distinguishing between regional, national,
European, or outer-EU international migration flows. Then
these rates were smoothed separately for each of the three
NEUJOBS categories of regions: Predominantly rural, Inter-
mediate, and Predominantly urban (Figure 2).

The age pattern looks exactly as we would expect to see
in the presence of ongoing urbanization. The process of
urbanization implies that population migrates from less ur-
banized territories to urban agglomerations. Migration al-
ways has a characteristic age profile, with higher intensities
at young adult ages (Pittenger, 1974; Rogers et al., 2002).
This is precisely what we see in Figure 2 – it clearly shows
that Predominantly urban regions receive much more in-
migration at young adult ages compared to Intermediate
and Predominantly rural regions. Rural regions loose pop-
ulation at young adult ages; these people are most likely to
migrate to more urbanized areas, which are able to offer
them better educational and employment opportunities. In
contrast young families with children and older adults tend
to move from urban to rural and intermediate regions. Note
that the three lines do not balance off at zero net migration,
which means that on top of migration between the regions
Europe sees quite a substantial inflow of international mi-
gration. To sum up, if we can define urbanization at such
a level of aggregation as NUTS-2, there was an ongoing ur-
banization in 2003-2012.

One question is whether the net migration age profiles
change over time. In Appendix 2, Figure 8, we check these
profiles in the first (2003–2007) and the second (2008–
2012) halves of the study period. In contrast with the anal-
ysis for the US (Cooke, 2011, 2013), we see no major reduc-
tion of net age-specific migration rates; it’s only prominent
in Southern Europe, but the reason there is likely the eco-
nomic crisis of 2008–2009 coupled with the extremely high
in-migration rate just before it.

To account for the possible differences between East-
ern, Southern and Western Europe, we also did the similar
smoothing separately for each of the three parts of Europe

(Figure 3). Following the logic of our previous research
(Kashnitsky et al., 2020), we divide European NUTS-2 re-
gions not in four parts – as is done by the official (EuroVoc,
2017) classification of Eurostat – but in three parts: Eastern,
Southern, and Western. We chose not to distinguish North-
ern Europe as a separate part because of its relatively small
size (just 22 NUTS-2 regions) and considerable inner het-
erogeneity: the Nordic regions were merged with Western
Europe, the Baltic regions were classified as Eastern Europe
with which they have much more in common in terms of the
analyzed variables. See the small sub-plot map in Figure 1A
showing the division of the NUTS-2 regions across the three
parts of Europe.

All the three parts of Europe experience faster popula-
tion growth through migration in the young adult ages in
the Predominantly urban regions, which means urbaniza-
tion at the level of NUTS-2. Though, there are some differ-
ences between the three parts of Europe in the way they ur-
banized. Regions of Southern Europe experienced highest
net migration rates within the study period: even the Pre-
dominantly rural regions saw population growth through
migration, though much more moderate than that of the
Predominantly urban and Intermediate regions. This is due
to relatively high international migration. Another feature
of South-European regions is that Intermediate regions are
closer to Predominantly urban regions in terms of the age-
specific migration profile (based on this we simplified the
classification to just urban-rural, see the Section 3.2. The
main difference between Eastern and Western Europe is in
the sub-urbanization that is evident for the latter – net mi-
gratory surplus in rural regions at the mature adult ages –
and nonexistent for the former. Despite some notable differ-
ences, all the three parts of Europe clearly experienced ur-
banization at NUTS-2 level during the study period, with ur-
banization being defined as relative population change due
to migration. That brings us back to the question whether
urbanization contributed to convergence or divergence in
population structures.

3. Methods and data

3.1. Methods. In this paper we focus on the share the of
working-age population as a summary measure of the popu-
lation age structure. The working-age population is defined
conventionally as the proportion of population aged 15–64
in the total population. The reason for choosing this indica-
tor is that it is expected to have a positive relationship with
the economic growth potential of regions (Van Der Gaag
and De Beer, 2015).

To compare urban-rural differences in the share of the
working-age population we calculate empirical cumulative
densities and plot the distributions of corresponding groups
of regions arranged in ascending order. This distributional
approach to convergence analysis has several advantages.
It allows to distinguish different causes of convergence. For
instance, convergence can be due to smaller differences
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Fig. 3. Age-specific migration rates by urban-rural types of NUTS-2 regions and parts of Europe, pulled single year data for the period 2003-2012. Note: the lines are GAM smoothing.
Source: own calculations based on demographic balance; migration change includes both internal and international migration.

across clusters of regions or smaller differences within clus-
ters of regions, and cumulative distributions show both at
the same time. Changes in the distance between sepa-
rate distributions show whether there is convergence or di-
vergence between clusters. This can be seen clearly from
changes in the difference in the median values. Changes in
the slope of the distributions shows whether there is conver-
gence or divergence within a group of regions: the steeper
the slope, the smaller is the variation of values in the dis-
tribution. Hence, an increase in the slope indicates conver-
gence within the group of regions. Next, the approach helps
to distinguish the effects of changes that occur in the upper
and lower parts of the distribution. This is important since
there is a conceptual distinction between convergence oc-
curring due to the catching-up of the lagging regions or a
faster decrease in the upper part of the distribution. Finally,
when the profiles of the cumulative density distributions
for two groups of regions become more similar over time,
this can also indicate a specific type of distributional con-
vergence, otherwise not captured by summary measures.

Empirical cumulative densities provide a powerful visu-
alization framework to picture convergence. However, in
order to assess the magnitude of changes we need to calcu-
late metrics based on the distributions. For this purpose we
use a logistic-type model in which we allow the slope pa-
rameter to vary between the lower and upper parts of the
distribution, i.e. above and below the median value:

f (x) = δ(x ≥ m)
ea(x−m)

1+ ea(x−m)
+δ(x < m)

eb(x−m)

1+ eb(x−m)

where f (x) is the cumulative density function, x is the
share of the working-age population, m is the median value,

δx is the indicator function; a, b, and m are the parameters
to be estimated by non-linear least squares.

A greater estimated value of the a and b parameters in-
dicates a steeper curve of the cumulative density. Hence,
an increase in these parameter values over time means con-
vergence, a decrease means divergence. Furthermore, if a
increases there is convergence above the median, if b in-
creases there is convergence below the median. A change
in the median value, parameter m, implies a shift of the
whole distribution. If, for example, a and b do not change
and m increases, that means that the whole distribution is
shifted uniformly toward higher values of x , but neither con-
vergence, nor divergence is observed.

3.2. Data. We analyze population age structures of the 261
NUTS-2 regions of EU-27 using a harmonized dataset for
the years 2003–2012 (Kashnitsky et al., 2017). The over-
seas territories of France, Spain and Portugal are excluded
from the dataset. The data come from Eurostat (Eurostat,
2015a). We use the 2010 definition of NUTS regions (Euro-
stat, 2015b) and the a modified version of EuroVoc (2017)
official classification of parts of Europe, in which we split
Northern European regions between Western (Nordic coun-
tries) and Eastern (Baltic countries) Europe. The NEUJOBS
urban-rural classification of NUTS-2 regions is used (De
Beer et al., 2012, 2014). We simplified it by eliminating the
intermediate category: based of the profile of age-specific
net migration rates, in Southern Europe intermediate re-
gions were classified as urban, and in Eastern and Western
Europe – as rural.
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Fig. 4. Empirical cumulative densities of the share of working age population variable for the three parts Europe at the beginning, the middle, and the end of the study period.

4. Results

4.1. Convergence or divergence in population structures?.
To address the main question of the paper – whether urban-
ization contributes to divergence (our main hypothesis) or
convergence in population age structures – we first want
to figure out what were the baseline dynamics of the rela-
tive regional differences in population structures within the
study period.

A glance at the empirical cumulative densities of the
share of the working age population for the three parts of
Europe (Figure 4) tells the story of the ending phase of the
demographic dividend in Eastern Europe (Van Der Gaag
and De Beer, 2015; Kashnitsky et al., 2020). The median
values for this group of regions are much higher through-
out the study period. In the first half, 2003–2008, Eastern
Europe shows distinct diverging development from the rest
of Europe – its distribution line moves further apart from
the two other lines, m increases from 0.694 to 0.701 while
it decreases slightly in Southern and Western parts. In this
period Eastern Europe still benefited from the main phase
of demographic dividend. Though in the second part, 2008–
2013, the gap between East and the rest of Europe started
to decrease indicating the end of demographic dividend and
the start of rapid catching-down convergence, m decreased
by 0.012 in Eastern, 0.011 in Southern and only 0.007 in
Western Europe. The differences between Southern and
Western Europe, that were driven entirely by the regions in
the upper part of the distributions, virtually disappeared –
South caught up with West, the forerunner of demographic
transition. This may reflect the fact that there were only

a handful of regions in Southern Europe that managed to
keep a relatively high share of working age population. Pop-
ulation ageing was especially fast in the upper part of the
distribution of Eastern regions, which is most likely caused
by the rapid outflow of working age migrants from Eastern
to Western Europe that came more from the urbanized ar-
eas (Okólski and Salt, 2014).

The differences between Eastern, Southern and Western
Europe first increased a bit due to the divergent develop-
ment of Eastern Europe, but then decreased a lot by the
end of the study period. In fact the differences the in cumu-
lative density distributions disappeared completely in the
case of Southern and Western Europe. Analyzing the slopes
of the empirical cumulative densities, we notice that they
became much more similar towards the end of the study pe-
riod, in every part of Europe the distribution of regions be-
came alike. Though, the distributions themselves became
plainer, meaning that the overall variance in the share of
the working age population has increased indicating diver-
gence within the three parts of Europe. In other words, re-
gions in every part of Europe became more heterogeneous
by the end of the study period. This effect is most clearly
visible in Western Europe, which was characterized by a
squeezed lower tail of the distribution in 2003. By 2013
the lower half of the distribution became much plainer and
wider, which reflects the fact that there are some regions
in Western Europe that age at an accelerated pace. Most
likely, these are the regions of rural periphery (Kashnitsky
and Schöley, 2018). This raises the question whether the
divergence can be attributed to the effects of urbanization.
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Fig. 5. Empirical cumulative densities of the share of working age population variable for the two urban-rural categories of regions at the beginning, the middle, and the end of the study
period.

4.2. The contribution of urbanization. Figure 5 compares
the empirical cumulative densities of Predominantly Rural
and Predominantly Urban regions at the beginning, the mid-
dle, and the end of the study period. At first glance, they
look surprisingly alike, and there seems to be very little
change between the lines over time. This is an artifact
driven by the systematic differences in the timing of Demo-
graphic Transition between the three parts of Europe (Kash-
nitsky et al., 2020). As in the case of the analysis of con-
vergence in ageing for all European NUTS-2 regions above
(Figure 4), the differences between Eastern, Southern and
Western Europe are masking the differences that exist be-
tween the urbanized and less urbanized regions.

When similar empirical cumulative densities are calcu-
lated for each part of Europe separately, the picture be-
comes much more informative (Figure 6). The dynamics
of the distributions suggest that in every part of Europe dif-
ferences between urban and rural regions decreased over
time – the cumulative distribution lines for urban and rural
regions come closer to each other over time in every part of
Europe. This means that the process of urbanization, that,
as we saw in the second part of this paper, was occurring in
Europe at NUTS-2 level over the study period, contributed
to convergence of regions in population structures rather
than the expected divergence.

In Eastern regions, the distributions of urban and rural
regions have become very similar, indicating convergence
across urban and rural regions. Not only the shapes of the
distributions became more similar, but also the difference
in the median values reduced strongly in the second part

of the study period from 0.012 to 0.006. At the same time
within the urban and rural groups of regions variation has
increased in the regions with relatively high shares of work-
ing age population – the slopes above the median have be-
come plainer: the value of the a parameter for rural regions
declined from 173.5 to 81.8, and for urban regions from
130.8 to 94.1.

In Southern Europe, urban regions aged fastest reducing
the gap with rural regions: the values of m for urban regions
decreased from 0.677 to 0.657. As a result the urban-rural
difference in m decreased from 0.027 to 0.014. The South-
ern regions saw the biggest increase in variation within ur-
ban and rural groups of regions, which may reflect the un-
even effect of economic crisis that hit this part of Europe
hardest. The a parameter for rural regions declined from
152 to 90.2, and for urban regions from 139.2 to 84.4; the b
parameter for rural regions decreased from 207.8 to 103.5,
and for urban regions from 85.1 to 79.7.

Western regions saw a rapid convergence in the first part
of the period, and then divergence in the second part. The
a parameter for rural regions increased from 89.7 to 125.6
in the first period and declined to 65 in the second period,
for urban regions there was an increase from 72.6 to 106.4
followed by a decrease to 100.4; the b parameter for rural
regions increased from 108 to 128.2 followed by a decrease
to 94, and for urban regions an increase from 116.4 to 164.6
was followed by a decrease to 110.3. The difference in
the medians did not change in the first sub-period, but in-
creased in the second sub-period, even though both urban
and rural regions saw graying of the first baby boomers; the
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Fig. 6. Empirical cumulative densities of the share of working age population variable for the three parts Europe and the two urban-rural categories of regions at the beginning, the middle,
and the end of the study period.
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urban-rural difference in m increased from 0.008 to 0.013.
This reflects the uneven effect of the ageing of the baby
boom generation across Western regions – it hit rural re-
gions more than urban regions and the lower half of the ur-
ban regions distribution more than the upper half. In fact,
only the second part of the study period in Western regions
shows us a picture close to the one that we expected, when
faster ageing in rural regions increases the gap in popula-
tion age structures between urban and rural regions and
increases the heterogeneity within both groups of regions.

The distributions for South and West, that at the first in-
quiry (Figure 4) became almost identical towards the end
of the study period, no longer look so once we distinguish
between urban and rural regions (Figure 6). In Southern
regions the main urban-rural differences occur in the upper
half of the distribution indicating that there is a certain num-
ber of urban regions that are more successful in preserving
a younger population structure. In contrast, in Western re-
gions the upper half of the rural distribution do not differ
a lot from the urban regions. This may be the result of less
contrast in the urban-rural continuum in the densely popu-
lated parts of Western Europe prosperous rural regions do
not age much faster than urban regions.

The overall contribution of urban-rural differences to re-
gional differences in population ageing is clearly visible in
the changes of the median values. Both in Eastern and
Southern Europe this difference reduced significantly dur-
ing the study period indicating convergence across urban
and rural regions in population ageing in contrast to the
overall divergence of population age structures. Western
Europe saw a slight increase of the difference between the
medians, which was to some extent compensated by the re-
duced difference at the upper half of the distribution. In
general, we saw a decrease in the estimated values of a
and b parameters, which means that within urban and ru-
ral groups of regions there was divergence in population
age structures. In all three parts of Europe the fastest diver-
gence occurred in the upper half of the distributions. This
means that, in the context of rapidly ageing Europe, there
are some regions that are more successful in keeping a rel-
atively high proportion of population at working ages.

5. Discussion

Our results show that overall NUTS-2 regions in Europe
become less similar in population age structures, though
the differences between part of regions diminish over time.
Similarly, yet contrary to our aspirations, continuing urban-
ization does not lead to divergence in population age struc-
tures – increasing disparities between urban and rural re-
gions. Instead, both categories of regions become more un-
equal. Towards the end of the study period we observe that
the upper part of the rural distribution, regions with the
highest share of working age population, become less dif-
ferent from the corresponding upper part of the urban re-
gions distribution. This development is less prominent in
the lower part of the distributions – rural regions with the

lowest share of working age population form particularly
disadvantaged clusters. This suggests that the urban-rural
classification becomes less informative. This finding goes in
line with other published papers (Kabisch and Haase, 2011;
Pagliacci, 2017; Wolff and Wiechmann, 2017; Danko and
Hanink, 2018).

One limitation of our study is a rather crude conven-
tional approach to the definition of ageing based on the
fixed age boundaries of the working age population. With
the increasingly flexible later-life working arrangements,
the cutting edge of 65 years of age is progressively becom-
ing less descriptive of the real productivity of population
(Vaupel and Loichinger, 2006; Lee et al., 2014). Ideally,
one would want to have estimates for population consump-
tion and production age curves at regional level, similar
to the National Transfer Accounts estimated for countries
(Kupiszewski, 2013; Vargha et al., 2017; Kluge et al., 2019).
Unfortunately, these estimates are not yet available at re-
gional level where we focus to study urban/rural differ-
ences.

One possible refinement of the presented results may in-
clude a more nuanced approach to the definition of age
boundaries for elderly population (Sanderson and Scher-
bov, 2010; Spijker and MacInnes, 2013; Kjærgaard and
Canudas-Romo, 2017; Loichinger et al., 2017). The other
arbitrary conventional working age boundary of 15 years
is also changing its meaning with the persistent growth of
educational attainment (Kc et al., 2010; Harper, 2014) and
prolonging transitions to adulthood (Billari and Liefbroer,
2010; Bongaarts et al., 2017). Thus, conventional age cut-
offs become less and less valuable in defining the transition
to working age category. This is especially important with a
tremendous diversification of lifestyles and generally much
increased variability in the pathways to adulthood (Buch-
mann and Kriesi, 2011; Damaske and Frech, 2016). In fact,
the more variable is the age of becoming adulthood, the less
informative any fixed cut-off point becomes. To address this
limitation of our study, we checked how sensitive are the re-
gional differences in the share of working age population to
shifting the lower age boundary from the conventional 15
years to 20 years, and the upper boundary – from 65 years
to 70 years (see Appendix 3).

Another possible way to develop the present study would
be to focus on other relevant dimensions of regional inequal-
ity that may contribute to convergence or divergence in pop-
ulation age structures and may interplay with urban-rural
differences, e.g. ethnic (Franklin, 2014), socio-economic
(Tselios, 2014) and educational (Striessnig and Lutz, 2013;
Goujon et al., 2016) structures of the population.

The evident difficulty of the research on urban-rural dif-
ferences in population structures lies in the urban-rural
classification itself. In this paper we rely on the classifi-
cation developed in the NEUJOBS project (De Beer et al.,
2012, 2014). Apart from the aggregation difficulties that
were discussed and solved in this approach, there are chal-
lenges posed by the constantly evolving urban-rural con-
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tinuum. For instance, many regions of Europe still expe-
rience urban sprawl (Morollón et al., 2016, 2017; Salvati
and Carlucci, 2016). There were multiple attempts to de-
velop a more nuanced approach to urban-rural classification
(Champion, 2009; Pagliacci, 2017). Some studies show that
the areal changes of urban-rural boundaries cast quite some
effect on the urban-rural differences in demographic devel-
opment (Chen et al., 2017). The increasing difficulty of the
urban-rural boundary delimitation even motivated Caffyn
and Dahlström (2005) to call for a new interdependence
approach in urban-rural research as opposed to the conven-
tional approach that is focused on differences.

6. Conclusions

Our paper examines whether urbanization has contributed
to divergence in population ageing across urban and rural
NUTS-2 regions. We first show that at the NUTS-2 level the
age profiles of net migration indicate that there has been
ongoing urbanization. Young adults tend to move from ru-
ral to urban regions. However, our results show that this
has not resulted in an increase in the difference in popula-
tion age structures between urban and rural regions. The
effect of net migration is rather small and is overbalanced by
the overall divergence in the regional the share of working
age population distributions. We found support for previ-
ous studies that show that urban areas are becoming more
and more heterogeneous (Kabisch and Haase, 2011; Wolff
and Wiechmann, 2017). It is important to distinguish urban
regions that tend to form successful clusters, in terms of pre-
serving favorable population age structure, from less pros-
perous ones (Sabater et al., 2017). This effect is especially
evident in Southern Europe after the recent economic reces-
sion (Salvati, 2016; Salvati and Carlucci, 2017). Regional
population age structures become more unequal both in ur-
ban and rural groups of regions, and the binary urban-rural
classification is becoming less and less useful in distinguish-
ing macro patterns in regional population age structure dy-
namics.
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8. Appendix 1

Figure 7 provides a reference to help the reader navigate
across the vast number of NUTS-2 regions in Europe. Please
find the complete list of regions at Eurostat website, the
page devoted to history of NUTS (Eurostat, 2015b). The
NUTS version used in in this paper is 2010. Eurostat also
provides a detailed explanation of the urban-rural typolofy
at NUTS-3 level (Eurostat, 2017).

9. Appendix 2

Figure 8 is a sensitivity check for the possible leveling off of
urbanization driving migration. As we see, only in Southern
Europe the intensity of positive migration reduced slightly
in the second part of the study period. Though, this effect
is likely driven by the economic crisis of 2008-2009 and
might be rather a temporaty shock than a more permanent
change.

10. Appendix 3

Defining working age population using conventional age
boundaries of ages 15 and 65 is gradually becoming less
and less valuable way to proxy the economically active
part of the population. Thus, in Figure 9 we do a sensi-
tivity check comparing three more definitions of working
age population against the conventional definition. We test
all four combinations of the lower age boundary 15 or 20
and the upper age boundary of 65 or 70. Since the result-
ing working age groups differ in the number of single ages
they contain – 45, 50, or 55 years of age – we perform z-
standardization of the four differently defined proportions
of the working age population. Then we plot alternative def-
initions (Y-axis, in different colors) against the conventional
one (X-axis) and report the Pearson product-moment corre-
lation statistics. All the correlations are very tight, which
suggests that there should be no major difference in the re-
sults of the current study due to the choice of an alternative
definition of the working age population. Due to the present
waves in population age structures, shifting the definition of
working age population may slightly offset the timing of de-
mographic transition but not reverse the relative regional
differences.
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Refernce map of European NUTS-2 regions
European Union 27, NUTS 2010, 261 regions

Fig. 7. Reference map of the EU-27 NUTS-2 regions.
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Fig. 8. Age-specific total net migration rates by urban-rural types of NUTS-2 regions, pulled single year data for two subperiods, 2003-2007 and 2008-2012, of the main study period,
2003-2012. Note: the lines are GAM smoothing. Source: own calculations based on demographic balance; migration change includes both internal and international migration.
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Fig. 9. Equality-line plot for the z-standardized shares of working age population calculated using conventional (X-axis) age boundaries of 15 and 65 years of age and three alternative
definitions (Y-axis, in different colors) – age boundaries of 15 and 70, 20 and 65, and 20 and 70 years of age.
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