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Summary: Demographic aging has been one of the most discussed aspects of population development in recent decades.
Complex changes in reproductive behaviour and their impact on both age structure and future population development are
often the source of concerns about the stability of socioeconomic systems (e.g. pension systems, healthcare and the labour
market). Frequently reinforced by the development and use of standard demographic aging indicators and comparisons over
time and space and/or between populations, this one-sided view is problematic given significant changes in population mot-
tality and health. Population aging has moreover traditionally been analysed in relation to national and regional differences,
with specificities frequently being overlooked. Using new methods for analysing demographic aging based on prospective
age, which accounts for changes in life expectancy over time and therefore more accurately captures demographic aging, we
attempt to identify the main spatial patterns of regional differentiation in aging in Europe (at the NUTS2 level). We also at-
tempt to create a typology of Europe’s regions using the main aging indicators and thereby identify the areas most affected
by demographic aging.

Zusammenfassung: Die demographische Alterung ist in den letzten Jahrzehnten einer der am haufigsten diskutierten
Aspekte der Bevolkerungsentwicklung. Komplexe Verinderungen des generativen Verhaltens und die Auswirkungen auf
Altersstruktur und zukiinftige Bevolkerungsentwicklung geben oft Anlass zur Sorge um die Stabilitdt der Sozialsysteme (z.B.
Rentensystem, Gesundheitsversorgung und Arbeitsmarkt). Die Verwendung von Standardindikatoren hat sich gerade unter
Aspekten raum-zeitlicher Analysen als problematisch erwiesen, weil sich angesichts signifikanter Verinderungen der Mor-
talitit und dem Gesundheitszustand der Bevélkerung zwangsliufig Verzerrungen ergeben. Die Alterung der Bevolkerung
wurde zudem traditionell vorzugsweise im Hinblick auf nationale und regionale Unterschiede analysiert, wobei Besonder-
heiten haufig iibersechen wurden. Mit neuen Methoden zur Analyse der demographischen Alterung auf der Grundlage des
voraussichtlichen Alters, welches die Verdnderungen der Lebenserwartung im Laufe der Zeit berticksichtigt und somit die
demographische Alterung genauer erfasst, versuchen wir, die wichtigsten rdumlichen Muster der regionalen Differenzierung
des Alterns in Europa (auf NUTS2-Ebene) zu identifizieren. Wir versuchen zudem, eine Typologie der Regionen Europas
unter Verwendung der wichtigsten Alterungsindikatoren zu erstellen und so die Gebiete zu identifizieren, die am stirksten
von demographischer Alterung betroffen sind.
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1 Introduction Population aging is a complex, multidimensional

process. However, the general debate on demographic

Demographic aging is one of the most important
and most discussed aspects of population develop-
ment (e.g. AVRAMOV and MAskovA 2003; GAVRILOV
and HEUVELINE 2003; Lutz et al. 2008; Lurz 2009;
SANDERSON and Scuersov 2008). The dynamic and
extensive way in which it is determining society-wide
change is unparalleled in human history (UN 2001).
Almost every society in the world has a growing pro-
portion of elderly people in the population, making
population aging one of the most important global
factors behind social transformation in the twenty-
first century, and its effects are manifest in almost all
areas (UN 2015).
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aging has for many years relied on standard metrics
(e.g. median age and the old-age and economic bur-
den indices) which deal only with age structure, ig-
noring age-specific characteristics (SANDERSON and
Scuersov 2008; 2015b).

In an era of falling mortality rates, better health
and longer life spans, standard chronological age-
based tools (number of years lived since birth) are
becoming increasingly less objective and not just for
analysing aging. This is because the mortality rate
has improved, altering both the distribution of age
structure in the population and potential years of life
(SpykER 2015). The standard tools used, based on
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chronological age and an arbitrary old-age limit (e.g.
65 years) assume that the internal age-specific char-
acteristics of a population do not change over time,
across space or between populations (SANDERSON
and Scuersov 2013). However, today’s 60-year-olds
have a longer life expectancy, are healthier and have
better cognitive ability than people of a similar age
thirty to forty years ago (SANDERSON and SCHERBOV
2013). Future 60-year-olds will also differ (in relation
to assumed mortality rates). This applies to interna-
tional and regional comparisons of populations with
different mortality rates. Relying only on chronologi-
cal age as one of the components of aging and over-
looking other available characteristics produces a re-
stricted view of reality, which may not even be suitable
for use in academic research or to inform important
policy decisions (SANDERSON and ScHERBOV 2013).

Attempts to resolve this issue, particularly in re-
cent years (e.g. SANDERSON and ScHERBOV 2008, 2010,
2015a, 2015b; ScHERBOV and SANDERSON 2016; Lutz
2009; SHoveN 2007; SHOoVEN and Gobpa 2010; D’ALBIS
and CorrLArRD 2013; SpykER and MAcINNEs 2013;
RirrE 2015) have led to the emergence of a new set of
tools in which standard chronological age is no longer
the only means of defining old age but which also en-
compass a looking-forward approach and the concept
of prospective age. Here the decisive factor is not only
the number of years a person has lived since birth, but
also the number of years of life remaining according
to current mortality rates. Sanderson and Scherbov
(2013, 675) see potential in this newly emerging para-
digm for conceptualising population aging. The ad-
vantages of the prospective approach are that, like
standard indicators, it is based on relatively simple cal-
culations and the results are easily interpreted, making
it comprehensible to the general public and the fact
that it introduces a new dimension into demographic
analysis better able to reflect biological and behav-
ioural aspects.”

The prospective approach is important not only
for analysing temporal changes in aging but also for
international and regional analyses. The European
space is characterised by relatively large differences in
within-country population age structures, as stand-
ard aging indicators have shown (Drucosz 2011;
EurorEAN CommissioN 2015; KAsHNITSKY et al. 2017).
However, KasuNITSKY et al. (2017) has shown that
convergence has been taking place in the European

! Although analysis is based on petiodic life tables, SANDERSON
and ScHERBOV (2007, 32—33) examined the difference between the
calculation based on periodic and cohort life tables and considered
the difference to be statistically insignificant.

area at regional level (NUTS2) in recent years and
we can expect this trend in the next three decades.
According to their analysis convergence in aging
mainly depends on changes in the population struc-
ture of Fast-European regions and the major role in
promoting convergence will play the cohort turnover.
In addition, KAsHNITSKY et al. (2017) also point to the
importance of the differences in mortality in work-
ing ages. Several papers (e.g. MEsSLE and VALLIN 2002;
VALLIN and MEsLE 2004; SProcHA et al. 2015) confit-
mand marked differences in mortality rates and there-
fore lifespan and other age-specific characteristics in
European regions. Including these characteristics in
analyses will result in a more objective and realistic
view of spatial differences in aging. There is currently
no paper to address in detail the issue of population
agingin a prospective view at regional level in Europe.
The aim of this article is therefore to analyse differ-
ences in the level of demographic aging in Europe’s
regions at the NUTS2 level, using both the standard
and the new prospective age indicators and then cre-
ate a regional typology based on the main aging indi-
cators. We attempt to identify the main areas that are
most and least affected by demographic aging using
the two approaches.

2 Theoretical concept of prospective age

The looking-forward approach to population ag-
ing has been eclaborated in the main by Sanderson
and Scherbov (e.g. 2008, 2013, 2015a, 2015b, 2016)
and then further developed by others (e.g. Lutz 2009;
SpykER 2015; SpijkER and MAacInngs 2013). Its essence
is based on work by HErscH (1944), who introduced
the concept of potential years of life, which holds
that at a given age (x) life expectancy can be derived
from life tables (ex), and above all on a classic study
by Ryper (1975) on stationary populations. RYDER
considered chronological measures of age to be ap-
propriate only from birth to adulthood, and to be an
inadequate guide to the socioeconomic characteristics
of the population later in life. Instead he proposed
that adult age should be measured in terms of remain-
ing life expectancy. For many years the idea of pro-
spective age was cither overlooked or used only rarely
(e.g. Fuchs 1984; SIEGEL and DavIDSON 1984; SIEGEL
1993). It was not until 2005 in Nazure that SANDERSON
and ScHERBOV (2005) ‘rediscovered’ the significance
of this approach, further expanding it in subsequent
work. In an independent effort, SHOVEN (2007, 2008)
and SHOVEN and Goba (2010) amongst others also
worked on a similar principle.
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The looking-forward approach to aging is
based on a new understanding of age. Classic
chronological (retrospective) age indicators meas-
ure the number of years a person has lived since
birth. People of the same age have lived for the
same number of years. The other age indicator is
prospective age, which is a forward-looking con-
ception (SANDERSON and SCHERBOV 2007) based on
remaining years of life. The use of chronological
age alone implicitly suggests that all other char-
acteristics relevant to demographic aging do not
change in time or space (SANDERSON and SCHERBOV
2013, 673) and that people of the same age will be-
have the same across time and space (SANDERSON
and Scuersov 2007). However, this assumption
is far from the reality, especially where life expec-
tancy is increasing or where there are significant
differences in mortality rate between populations.
The number of remaining years of life is influenced
by types of human behaviour (e.g. strategies relat-
ed to savings, investments, education and health-
care) and by population characteristics (health,
morbidity, cognitive ability etc.) (SANDERSON and
ScHERBOV 2007).

The main difference in analytical construction
between the standard and prospective approaches
is the way in which the old-age limit is set. Standard
indicators use a fixed age threshold (usually 65
years), while prospective indicators use flexible
ones since they are calculated as the age at which
the population has a given remaining life expec-
tancy. The prospective approach therefore works
on the basis that as mortality rates improve so too
does the definition of old age and that in every
population or region the age at which a person is
considered old may vary depending on the socioec-
onomic development, public healthcare advances
or habits in that area (SANDERSON and SCHERBOV
2008). Being able to account for these aspects is an
important innovation that enables the researcher
to obtain a far more objective view of the level and
regional differences in demographic aging.

3 Data and methodology

The analysis in this article uses both standard
and prospective characteristics of demographic ag-
ing to account for changes in life expectancy. The
use of these two approaches means that both di-
mensions of age can be quantified, and therefore a
more comprehensive view of aging is obtained (see
e.g. SANDERSON and SCHERBOV 2007).

The standard indicators were calculated on the
basis of generally known relations. The first indi-
cates the number of people aged 65 and over in
the given population (Prop.65+). This chronologi-
cal age is usually used as a fixed old-age threshold
(e.g. GavriLov and HEUVELINE 2003; EUROPEAN
CommissioN 2012). It is a simple calculation that
considers only the number of people aged 65 and
over and the total number of individuals in the pop-
ulation in a given calendar year.

P
Prop.65+=—5"-100 )

The second well-known aging indicator is the
aging index (AI), which is the number of individu-
als aged 65 and over divided by the number of indi-
viduals under 20 (sometimes 15) years of age.

s
Al = PZ,W' 100 @)

The median age (MA) of a population is the age
which demarcates the population into two equal-
ly sized groups (SANDERSON and ScHErBOV 2007).
Half the population is therefore younger than the
median age and half is older (UN 2015). This is one
of the most frequently used indicators for measur-
ing demographic aging (GavriLov and HEUVELIN
2003).

The old-age dependency ratio (OADR) is used
to analyse a number of aspects of population aging,
from retirement and the public pension burden to
the more amorphous concept of old-age dependen-
cy itself (SANDERSON and ScHERBOV 2007, 48). The
standard old-age dependency ratio is obtained by
dividing the number of individuals aged 65+ by the
number of individuals aged 20—064.

OADR ZII;()i- 100 3)
20-64

The standard indicators are calculated on the
basis of fixed chronological age. Nonetheless, even
if we were to alter this limit, we would not obtain a
more objective view. Aging is affected by increases
in life expectancy and a fall in mortality if it leads to
an increase in the number of remaining years of life
regardless of the fixed old-age threshold. A similar
problem occurs when comparing regional popula-
tions with different mortality rates because individ-
uals aged 65 will not have the same life expectancy,
health, cognitive ability or other characteristics as-
sociated with the aging process. SANDERSON and
Scuerbov (2005, 2008) therefore proposed a differ-
ent way of determining aging that eliminates the ef-
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fect of changes in life expectancy. This calculation
is based on determining prospective age, which is
the age attributed to a given population in a given
year based on them having the same remaining life
expectancy in the reference year. SANDERSON and
SchHERrBOV (2008, 8) recommend that 15 years of re-
maining life expectancy should be used as the old-
age threshold. Constant prospective age (Constant
Prospective Age, RILET5- age; CPA RLE 15-) has also
been used in this article to make the results easy to
understand. It searches every population and every
year to find the age that corresponds to a remain-
ing life expectancy of 15 years (SANDERSON and
ScHERBOV 2013, 676).

The indicator for the standard proportion of in-
dividuals aged 65+ years is the Proportion at Ages with
Remaining Life Expectancies of 15 Years or Less (Prop.
RLE 15-).

B
B 100 @

Prop.RLE75- =~

The prospective aging index Prospective Aging
Index: (PAI) is constructed in a similar way to the
standard aging index:

BRLI:I}
PAI :T -100 (5)
0-19

where Py, ... is the sum of persons in the age
categories corresponding to a remaining life expec-
tancy of 15 years or less and Py is the sum of pet-
sons aged up to 19 years (inclusive).

The Prospective Old-Age Dependency Ratio (POADR)
expresses the relationship between the number
of persons with a remaining life expectancy of 15
years or less and the number of persons aged from
20 to the age at which remaining life expectancy
is more than 15 years (SANDERSON and SCHERBOV
2008, 11). The calculation is:

BRLEU"
POADR :m-mo ©)
where Py, ... is the sum of persons at the age
where remaining life expectancy is 15 years or less
and P20y 105 1s the sum of persons aged from 20 to
the age at which remaining life expectancy is more
than 15 years.

To obtain the prospective median age (PMA)
we first have to calculate the traditional median age
of the population observed. The relevant prospec-
tive age can then be found in the mortality tables.
When comparing multiple populations, or develop-
ment over time, a standard has to be selected be-
cause population mortality death rates differ (and

therefore so do mortality tables). In our case the
standard selected was the mean population from
2013 to 2015 in all the regions observed and the re-
spective mortality tables calculated using the same
method as for the NUTS2 regions. In the standard
population and associated mortality table, the same
life expectancy is then found as in the population
observed and the age corresponding to the pro-
spective median age sought. If M.A(?) is the median
age of the population observed in year (#), then e(x;,?)
is life expectancy at age(x) and ¢(M.A,(?), #) is life ex-
pectancy at median age(M.4). The prospective age
then is the age at which the standard population
(average of all NUTS2 regions) has the same re-
maining life expectancy as the population observed
at median age (¢/ (MA(®), 2), standard) (SANDERSON
and ScHERBOV 2015a).

The set of indicators is then statistically ana-
lysed using selected descriptive-statistics tools
(weighted arithmetic mean, range of variation, co-
efficient of variation, standard deviation). A set of
maps were then created showing the standard and
prospective indicators and the spatial differences.
To do this we used NUTS2 regions that had been
categorised using quintiles. In other words, the set
of regions being investigated was divided into five
groups of approximately the same size according to
the value of the demographic aging indicator. Each
region was then represented in one of the groups
(Quintile 1=youngest ... Quintile 5=oldest), and
this was done for both the standard and prospec-
tive indicators. So that differences in the status of
each European region could then be observed from
both angles, we calculated the differences in re-
gion membership based on the two quintiles. This
means that if, for example, a region appeared in the
first quintile when the standard measure was used
and in the fourth quintile when the prospective
measure was used, then the difference was calcu-
lated as -3.

The other aim of the article was to identify
the main regions that are most and least affected
by demographic aging. To enable us to do this we
created separate typologies for the prospective and
standard indicators. We used cluster analysis to
categorise the set of NUTS2 regions into relatively
homogenous subsets (clusters), where the aim was
for clusters to contain regions with similar levels
of demographic aging, and for the clusters to differ
significantly from one another. The input data were
the population-aging indicators (prospective and
standard separately) and we used Ward’s clustering
method based on squared Euclidean distances.
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The data source for the analysis was the 2013—
2015 Eurostat data for each NUTS2 region in
Europe.? All indicators represent total population —
males and females together. The regions of Turkey,
and the non-Furopean (overseas) areas of Portugal,
Spain and France were removed from the data set.
The concept of prospective age can also be enriched
by other dimensions such as economic activity or
health status, but data for all NUTS2 regions is often
difficult to access.”

4 Analysis of regional differences using
standard and prospective indicators

Demographic aging is affected by many factors,
such as previous population and socioeconomic de-
velopment, public healthcare and family and migra-
tion policy. This along with policy effects can lead to
marked differences both within and between coun-
tries and so having a detailed regional view of popu-
lation aging is important. The prospective approach
enables us to gain a much better understanding of
the spatial differentiation in demographic aging, as
it implicitly takes account of potential variation in
age-based characteristics (e.g. health, morbidity and
cognitive ability).

Considering remaining life expectancy as part
of constant prospective age at the European NUTS2
level reveals relatively large value ranges (Fig. 1). The
difference between the highest (Ile de France) and
lowest (Macedonia) constant prospective age in the
period observed was almost 10 years (Tab. 1). The
morbidity tables cleatly show that those in the old-
est age group (72 and over) with 15 years of remain-
ing life are to be found in most regions of France,
Spain, Switzerland, Italy, the Nordic countries and
for example in the south of the United Kingdom.
By contrast the lowest levels of constant prospec-
tive age can be seen in most of the Balkan countries,
in regions of Hungary, Slovakia and Latvia and in
northern Croatia, where it does not even reach 68
years. Given the large differences in mortality rates

? Data sources: table “demo_r_d2jan” in Eurostat

database section Population and social conditions —
Demography and migration — Population — Regional data
and table“demo_r_mlifexp” in section Population and so-
cial conditions — Demography and migration — Population —
Mortality - Regional data. Both available at [https://ec.curopa.
eu/eurostat/data/database];

% For more details on the quality and availability of data,
see the Discussion chapter.

and other characteristics in the 65 and over popu-
lation (e.g. health, economic activity, education and
cognitive ability), the prospective approach allows
for a better comparison of population aging among
Europe’s regions.

The descriptive statistics also indicate a higher
degree of variability within the prospective char-
acteristics than in the standard ones (Tab. 1). The
main reason for this is that the standard indicators
are derived from age structure only. While the pro-
spective indicators are based on both, the age struc-
ture and the mortality tables, which reflect mortal-
ity characteristics.

In order to capture regional differences in the
level of demographic aging and any differences in
the regional pictures generated by standard and pro-
spective indicators, both in graphic and statistical
terms, the values of each characteristic were divid-
ed into quintiles and then any changes in quintile
were observed in relation to whether standard or
prospective indicators were used (Figs. 2-5).A quin-
tile difference with a negative value in the third cat-
togram indicates that when the standard indicator
was used the region was categorised as “younger”
than was the case when the prospective indicator
was used. By contrast a positive value means that
when the standard indicator was used the region
was classified as “older” in comparison to when the
prospective indicator was applied.

When the aging index (AI) is used, the least fa-
vourable elderly-child population ratio can be found
in north east Germany, northern Spain, northern
and central Italy, northern Bulgaria, in several re-
gions in Greece and in Latvia. The most favourable
ratio can be found in the west, north west and south
east of Poland, in central and eastern Slovakia and
in the north east of Romania as well as in some
regions of France, the Benelux countries, Norway,
Ireland, the United Kingdom and Iceland. When
differences in life expectancy have been eliminated
using the prospective aging index (PAI), the situ-
ation deteriorates in the regions of south eastern
Europe in particular, with the populations with
the worst elderly-child ratios found in areas such
as south west Croatia, most Hungarian regions and
regions in eastern and southern Romania. It ap-
pears that when remaining life expectancy is taken
into account, many regions of the former Eastern
bloc ‘age’ the most. By contrast, the regions which
become ‘younger’ are regions of Greece, France,
Switzerland, the north east of the Iberian Peninsula,
northern Italy, Corsica, Sardinia, Puglia and south
west Sweden (see Fig. 2).
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Fig. 1: Regional differences in constant prospective age (CPA RLE 15) and the five highest and lowest values in Europe,

NUTS 2, mean for 2013-2015. Data source: Eurostat 2018.

Tab. 1: Descriptive statistics of standard and prospective indicators of demographic aging in Europe, NUTS 2 regions,

mean for 2013-2015
CPA Prop. Prop.
Indicator RLE 15 f(’f IZA)I O?kgR PO(Q?R 65+  RLEIS. ( }ehﬁ?s | (I}’i‘:fs)
(years) (%) (%)
Weigh. Arithmetic mean 71.3 89.7 55.1 31.2 14.5 18.6 114 42.1 41.6
Minimum 65.6 32.8 19.2 114 5.3 7.8 4.6 32.0 30.2
Maximum 75.2 179.6 125.8 49.3 31.7 27.9 22.2 50.6 54.9
Range of variation 9.6 146.8 1006.6 37.8 26.4 20.1 17.7 18.6 24.7
Standard deviation 1.8 24.4 18.7 6.0 3.6 3.1 2.5 3.0 3.8
Coefficient of variation 2.5 27.2 33.9 19.1 24.6 16.5 22.0 7.2 9.1

Notes: CPA RLE 15 = constant prospective age, Al = aging index, PAI = prospective aging index, OADR = old-age dependency ratio,
POADR = prospective old-age dependency ratio, Prop. 65+ = proportion aged 65 and over, Prop. RLE 15- = proportion with a remaining
life expectancy of 15 years or less, MA = median age, PMA = prospective median age, (*) = per 100 persons aged 0-19 yeats, (*¥) = per

100 persons aged 20—64 years, weights = population size of the region (arithmetic mean of years 2013-2015), number of regions = 284.

Data source: Eurostat 2018.

The greatest pressures exerted by the elderly on
the productive section of society, expressed as the
old-age dependency ratio (OADR), were identified in
the regions of north east Germany, the west and north
west of the Iberian Peninsula, southern and central
France, northern and central Italy and most regions
of Sweden and Greece (Fig. 3). The reverse situation

was found mainly in Poland, Slovakia, Romania and
— in western Europe — in Iceland, Ireland and south-
ern Spain. However, when we take remaining life ex-
pectancy into account using the old-age dependency
ratio then the situation changes, especially in regions
of Bulgaria, Romania, Hungary, Croatia, Latvia and
Lithuania. Given the distribution of the differences
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Fig. 2: Quintile distribution of the values of the aging index (AI), prospective aging index (PAI), differences and the five
highest and lowest values in Europe, NUTS 2 regions, mean for 2013-2015. Notes: Al = aging index, PAI = prospective ag-
ing index, indicators are per 100 persons at given age. Data source: Eurostat 2018.

between the quintiles, it is possible — with a degree of
generalization — to divide Europe into east and west
once more. When looking at it from the prospective
angle, a marked deterioration in the pressures on the
productive section of society can be observed in most
regions of Croatia, Bulgaria, Romania, Hungary,
Latvia and Lithuania. Whereas in France especially,
but also in many regions of the Benelux, Italy, north-
ern Spain, Scandinavia and the United Kingdom,
the POADR improves compared to when traditional
measures are used. A similar situation can be seen in

the proportion aged 65 and over (Prop. 65+) and the
proportion with a remaining life of expectancy of 15
years or less (Prop. RLE15-) (Fig. 4).

One of the most frequently used measures of
population aging — median age (MA) — also indi-
cated similar spatial differences (Fig. 5). The high-
est values for median age were recorded in northeast
Germany, in the west and north west of the Iberian
Peninsula and in northern and central Italy. The
youngest population according to median age was
found in most regions of Poland, central and eastern
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Fig. 3: Quintile distribution of old-age dependency ratio (OADR) and prospective old-age dependency ratio (POADR)
values, differences and the five highest and lowest values in Europe, NUTS 2 regions, mean for 2013-2015. Note: OADR =
old-age dependency ratio, POADR = prospective old-age dependency ratio, indicators per 100 persons in given age group.

Data source: Eurostat 2018.

Slovakia and also northern Romania, Macedonia and
Montenegro. In western Europe this was especially
true of Ireland, Iceland and some regions of Norway,
the United Kingdom and France. When prospective
mean age (PMA) was used, the older regions, be-
sides those mentioned above, were most regions in
Bulgaria, Romania, Hungary, Latvia and Lithuania.
Basically, the population was older in almost all re-
gions in the former Eastern bloc (with the exception
of the old East Germany) when prospective median

age was used. The opposite tendency could be identi-
fied in south west France, north east Spain, the south
and north east of Italy and to a lesser degree in the
United Kingdom, Norway, Sweden, and Finland;
however, the positive differences were less marked
than previously.

Using the information obtained, we attempted
to identify the main regions most and least affected
by population aging. To do so we performed clus-
ter analysis to create separate typologies for the
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Fig. 4: Quintile distribution of values for proportion aged 65 and over (Prop. 65+) and for proportion at ages with a remain-
ing life expectancy of 15 years or less (Prop. RLE15-), differences and the five highest and lowest values in Europe, NUTS
2 regions, mean for 2013-2015. Note: Prop. 65+ = proportion aged 65 and over, Prop. RLE 15- = proportion with remaining

life expectancy of 15 years or less. Data source: Eurostat 2018.

prospective and standard indicators. Five clusters
were identified — oldest, old, average, young and
youngest (Tab. 2). The ‘oldest’ cluster contained 28
regions when standard demographic aging indica-
tors were used, but only 13 of these remained in the
cluster when prospective indicators were applied.
The ‘oldest’ cluster contained the highest mean
values for each indicator and this was the case for
both the standard and prospective indicators. The
regions appearing in this cluster regardless of type

of indicator used were Bulgaria — Severozapaden,
Severentsentralen; Germany — Brandenburg,
Mecklenburg-Vorpommern, Saarland, Dresden,
Chemnitz, Leipzig, Sachsen-Anhalt, Thuringen;
Spain — Principado de Asturias; Italy — Liguria; and
Portugal — Alentejo. When the standard indica-
tors were applied the cluster expanded to include
additional regions in Portugal, north west Spain,
Germany and Italy as well as the regions of Ipeiros
and Peloponnisos in southern and western Greece
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Fig. 5:  Quintile distribution of median age (MA), prospective median age (PMA), differences and the five highest and

lowest values in Europe, NUTS 2 regions, mean for 2013-2015. Note: MA = median age, PMA = prospective median age.

Data source: Eurostat 2018.

(Fig. 6). Interestingly when prospective indicators
were used the cluster changed substantially, with
the two Greek regions ending up in the ‘young’
cluster, supporting the theory that there are two
levels of aging — chronological and prospective
(SANDERSON and ScHERBOV 2005).

When standard indicators were applied, the
‘old’ cluster contained 88 regions — almost all the
regions of Germany, Italy, Bulgaria and Greece that
did not appear in the ‘oldest’ cluster, as well as south
east Austria, south Hungary, central France, south

Croatia, some regions in the United Kingdom,
Sweden, Spain, Portugal, Latvia and the regions
of Prov. West-Vlaanderen, Praha, Eteldi-Suomi,
Tessin, Limburg and Zeeland. When prospective
indicators were used, it contained 64 regions, again
mainly ones in Germany, Italy, Spain, Portugal,
Romania, Croatia, Hungary, Sweden, Latvia and
Lithuania. It is worth pointing out the marked di-
chotomy in the prospective analysis between the
region of Limousin and the rest of France, which is
a result of the largely rural character of the area and
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Tab. 2: Typology of standard and prospective indicators of demographic aging in Europe — mean cluster values, NUTS 2,

mean for 2013-2015
STANDARD INDICATOR TYPOLOGY  PROSPECTIVE INDICATOR TYPOLOGY

Order  Cluster Al  OADR Prop.65+  MA PAI POADR Ri‘é’lis PMA
™ ) (7o) (yeats) ® ) ) (yeats)

1 oldest 1403 399 237 46.6 105.0 223 17.0 48.1

2 old 1063 36.1 21.2 445 76.5 18.3 14.3 45.4

3 average 86.7 310 185 42.1 62.2 15.6 124 436

4 young 69.7 260 15.9 39.6 50.7 14.2 10.9 413

5 youngest 504 213 13.0 36.6 37.7 11.0 8.9 37.8

Note: Al = aging index, PAI = prospective aging index, OADR = old-age dependency ratio, POADR = prospective old-age
dependency ratio, Prop. 65+ = proportion aged 65 and over, Prop. RLE 15- proportion with remaining life expectancy of 15 years
or less, MA = median age, PMA = prospective median age, (*) = per 100 persons aged 0-19, (*¥) = per 100 persons aged 20—64.

Data source: Eurostat 2018.

STANDARD
INDICATORS

Region type
I oldest
[ old
average
77 young
I youngest

PROSPECTIVE
INDICATORS

Region type

B oldest
[ oid
average
[0 young
I youngest

Fig. 6: Typologies of Europe’s regions (NUTS2) using standard and prospective indicators of demographic aging, mean

for 2013-2015. Data source: Eurostat 2018.

its economic situation. This has led to the younger
population moving away, and is reflected in the age
structure of this area.

At the other end of the spectrum, when stand-
ard indicators are used, the ‘youngest’ cluster con-
tains 16 regions in Ireland, the United Kingdom
and Norway as well as Vychodné Slovensko (SK),
Montenegro, Macedonia, Région de Bruxelles-
Capitale (BE), Ile de France (FR), Iceland and
Flevoland (NL). When prospective indicators are
applied and remaining life expectancy is taken into
account, the ‘youngest’ cluster expands to contain
others regions in, for example, Norway, France,
Poland and Denmark. The ‘young’ cluster contains

more regions and includes ones from both the west
and east. The remaining regions of Europe appear
in the ‘average’ cluster, for example Czechia, ex-
cluding Praha and Sttedni Cechy.

These two typologies based on the standard and
prospective indicators show marked within-country
differences in terms of the progression of popula-
tion aging (Fig. 0). In some cases, there is a marked
difference depending on whether standard or pro-
spective indicators are used. In particular, eastern
regions appear younger when standard indicators
arc used. The cluster analysis based on standard
indicators produced a larger number of old regions
and fewer young regions than the typology based
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on prospective characteristics. This is because of
the way the standard indicators are designed and the
fact the age structure is shifting upwards. However,
in both analyses the regions of southeast Germany
and north Bulgaria as well as some regions in Italy,
Portugal and Spain appear among the oldest, regard-
less of the type of indicator used. The largest differ-
ence can again be seen in the position of the Greek
regions (and some French regions), which appear in
the ‘young’ cluster when traditional characteristics
are used and in the ‘old” and ‘oldest’ clusters when
prospective ones are applied, confirming the prem-
ise that using the age structure of a given population
alone to assess demographic aging is not sufficient.

5 Discussion

Population aging is a multidimensional phenom-
enon which is one the most significant demographic
challenge of European regions. In this article we
employed a new prospective approach to analysing
population ageing and contrasted it with the con-
ventional chronological-aged based one. Given the
marked regional differences in population change in
Europe, we also attempted to apply these approaches
to the level below the national one (NUTS2).

According to KASHNITSKY et al. (2017), the spa-
tial variation of the population aging (enumerated by
total support ratio) between East-European regions
and the rest of Europe narrows. However, the east-
west gradient in Europe changes only slightly. This
was confirmed by our results using selected classic
aging indicators. For many crucial aspects relating
to attitudes, behaviours (e.g. savings and investment
strategies, the development of skills and abilities,
consumer behaviour, the accumulation of tangible
and human capital, etc.), social questions, such as
the viability of public pension systems we need to
know the potential number of remaining years of life
not only how old people are (see e.g. SANDERSON and
Scuersov 2005, 2007, 2013). In combination with
the traditional backward-looking age measure, we
can obtain a much more complete picture of popula-
tion ageing (SANDERSON and SCHERBOV 2013).

Like previous research (e.g. SANDERSON and
ScaerBov 2005, 2007, 2008; SPijKER and MACINNES
2013; Spyker 2015), our study has shown that the
use of both conventional and prospective methods
can ultimately result in more moderate or even quite
contradictory conclusions. This is partly the case
with our regional analysis. Above all it is clear that,
despite different demographic conditions, the level

of population aging in regions with higher life ex-
pectancy values is not so high when measured using
prospective indicators. By contrast in regions with
worse mortality rates and less dynamic life expec-
tancy, the process of aging may be more rapid. The
shorter life expectancy and slower rate of increase
mean that the local populations are older in the sense
that they have shorter median remaining life spans.
Understanding the links between life expectancy and
population aging level is important if we are to detet-
mine future dynamics in aging. The use of this new
perspective and approach to aging may help improve
understanding within public discourse. Highlighting
increased life expectancy and number of potential
healthy years of life in the context of gradually al-
tering pensionable age may be both politically and
publicly more acceptable than suddenly increasing it
by several years.

Despite the advances in analysing aging, con-
stant prospective age remains an arbitrary boundary
(SpykEeR 2015). The method has been further devel-
oped to ensure the end result better reflects the re-
ality, depending on the research goals pursued. For
example, in research involving healthcare costs, pre-
dictions based on age-related costs have been shown
to substantially overestimate the costs (BJoRNER and
ARNBERG 2012; FELDNER 2012; CUTLER et al. 2007;
MirLLEr 2001), and yet costs do raise sharply in the
final years of life (e.g. YANG et al. 2003; ZWEIFEL et
al. 2004). Equally, in relation to state of health, there
has been much criticism of the fact that remaining
life expectancy is set at 15 years, yet it frequently in-
cludes individuals who consider themselves healthy
(Seyker 2015). MirLLer (2001) and SpyKER et al.
(2014) constructed an alternative indicator, Time-to-
Death, which is an indicator of acute health needs
among the elderly population (see Spyker 2015).
Using information on state of health (e.g. EHIS,
EU-SILC findings), other indicators have been cre-
ated that enable us to analyse aging and the burden
it places on the productive population (see SPIKER et
al. 2014; SpykEer 2015; MuszyNska and Rav 2012). In
terms of practical use, one concern is access to input
data, especially at the regional level.

There has also been a methodological shift in
the prospective old-age dependency ratio. We need
to be aware that it is not just life expectancy among
the elderly that is increasing but also the extent to
which they are economically active at an older age.
We can assume that the proportion of older people
who remain economically active will continue to
rise. SPKER et al. (2014) and SpyykER and MACINNES
(2013) therefore proposed a further three indicators
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relating to POADR (Real Elderly Dependency Ratio,
Elderly to GDP Ratio, Elderly to Tax Ratio), which
should better reflect the burden exerted by the el-
derly population. They rely on data from the labour
force survey (Real Elderly Dependency Ratio) and
on GDP and tax revenue trespectively. Again, re-
searchers wishing to use these indicators at the re-
gional level require access to the data.

Despite these limitations and the criticism of
constant productive age, real progress has been made
in the way age is perceived in analyses of aging, espe-
cially when compared with tools based on chrono-
logical (retrospective) age. Chronological age is prob-
lematic because it remains constant over time and so
does not reflect changes taking place within popula-
tions and may even endanger the sustainability of the
system if used to institute changes in key social areas
(such as setting the level of retirement age). Thus far,
there has been little use of prospective indicators in
economic research. An analysis by CUARESMA et al.
(2014, 56) provides clear empirical evidence of the
superiority of measures based on prospective aging
as a predictor of future economic growth at long ho-
rizons. While OADR, the conventional indicator, has
been shown to be a robust determinant of economic
growth for relatively short intervals only (CUARESMA
et al. 2014). Based on their findings, CUARESMA et al.
point out that, in policymaking targeting the negative
impacts of aging on economic growth in Europe, the
priority should be on monitoring prospective aging
indicators (CuaresMA et al. 2014, 57). Some coun-
tries, especially the more developed economies in
the world, have already begun moving away from the
traditional view of age and towards prospective ap-
proaches. Several have opted for the explicit demo-
graphic indexation of pensions, and, according to the
OECD (2017), the countries that have perhaps gone
furthest are those that link increases in retirement
age to average life expectancy. Criticism of the use of
constant chronological age for setting retirement age,
at 05 for instance, is widespread throughout the aca-
demic community; however, some researchers (e.g.
SANDERSON and ScHERBOV 2014) have raised the issue
of fairness. They feel that the current retirement age
reforms based on longevity fail to capture this. They
have therefore come up with the concept of equitable
normal pension age, which is based on a stable ratio
between the potential number of person-years lived
in retirement and the number of person-years lived at
productive age (see SANDERSON and SCHERBOV 2014).
Their detailed analysis also highlights a number of
problems with fixed retirement age, and the linear ex-
tension of that age by a specific constant value.

There are also certain limitations regarding re-
gional analyses based on prospective aging and the
available Eurostat database. It is the only source of
comparable input data for constructing prospective
indicators at the NUTS2 level. When we conducted
our analysis, two aspects proved particularly problem-
atic. The first is that the data are published as mortal-
ity tables for all populations at the NUTS2 level, but
the upper age interval is open-ended (85+), and there-
fore not equal. That can affect the number of person-
years and thereby mean life expectancy. The second
limitation is migration which is also a factor at higher
age levels.

The North—South migration flow within Europe
includes people in their sixties and older (KING et al.
2000; InnEs 2008). Sixty-year-olds have longer re-
maining life expectancy and are generally healthier
than in the past, and they often move to other regions
or countries in retirement. The assumption is that mi-
gration is mainly undertaken by the relatively healthy
elderly population; however, their health may subse-
quently change rapidly, and this may feed through into
later increases in mortality. And of course we should
not overlook the fact that less healthy individuals may
also migrate in pursuit of better healthcare.

6 Conclusion

The consequences of demographic aging present
a society-wide challenge. The measures adopted to
deal with it largely rely on age-structure based analy-
ses alone. However, it is relatively easy to design pro-
spective indicators that can be used alongside stand-
ard indicators, which have been adapted to account
for changes in life expectancy and that reflect these
across space, making them better able to capture the
reality of demographic aging at the regional level. The
fact that these can be relatively easily interpreted by
the general public is no less important.

Both the standard and prospective indicators
clearly confirm the existence of marked spatial dif-
ferences in demographic aging in Europe. The oldest
regions are found mainly in Germany (especially in
former Fast Germany), in the west and north west of
the Iberian Peninsula, Italy, Bulgaria and Greece. The
regional picture may at first glance appear to be almost
the same regardless of whether standard or prospective
characteristics are used. However, a closer inspection
shows that unlike standard characteristics, the pro-
spective ones reveal an advanced level of demographic
aging in other regions of eastern Europe as well (e.g. in
the south of Bulgaria, northern regions of Romania, in
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Latvia and some parts of Hungary and Croatia). While
these regions generally have a younger age structure,
the high values of the prospective characteristics are
generated by the fact that remaining life expectancy
is lower than in western and northern Europe. The
opposite situation can be observed in many regions
of the former Western bloc. The standard indicators
place these amongst the old or even very old regions,
but the prospective indicators show that they have an
average or even below-average level of population ag-
ing. A typical example is Greece, which appears in the
oldest category when standard characteristics are used,
but finds itself in the group of regions with a younger
population when prospective indicators are used be-
cause of its higher remaining life expectancy.

Applying prospective characteristics at the NUTS2
level clearly improved our research on regional differ-
ences in population aging. On the one hand we were
able to verify the existence of areas with an old popu-
lation regardless of the method used to observe demo-
graphic aging and on the other hand we could identify
other regions potentially at risk of demographic aging
despite appearing to be relatively young when stand-
ard indicators are used. Of equal importance is the
discovery, that when standard indicators are used old
regions appear among those that have average or even
young populations.

The traditional approaches rely on classic aging
indicators that mainly point to an increasing propor-
tion of eldetly people and increased burden on the
productive section of society, or on the parts of the
social state relating to healthcare and the pension sys-
tem. Where there are marked regional differences in
mortality rates and lifespan this may lead to errone-
ous policy decisions. Equally the number of remain-
ing years of life is important in decision-making on
other aspects of social and health care (for instance,
day care, demand for care beds, assistance with meals,
transport services, etc).

When setting public sector policies, we need to
recognise the importance not just of the pensionable
age variable but also of the average length of time a
pension is claimed, and this can be estimated using re-
maining life expectancy. Applying the prospective ap-
proach also allows one to model different pensionable
ages. The added value of using prospective age char-
acteristics is that they better illustrate biological and
behavioural aging (Sanderson and Scherbov 2010).
We believe that incorporating remaining life expec-
tancy into the quantification of demographic aging is
also important in regional analyses and allows for a
more objective comparison over time as well as across
different territories.
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