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Abstract: In this article, we analyzed the dynamics of the population aging process in Europe.
The study was conducted on the basis of statistical data on the number of people aged 65 and
above per 1000 of the population in 32 European countries in the years 1991–2018. The analyses
also took into account the structure of the population by gender in five age groups: 65–69, 70–74,
75–79, 80–84, and 85 and above. An extensive analysis of the rate of changes in the magnitude of the
phenomenon was carried out, which gave an answer to the question about how quickly Europe is
aging. We applied the spatial dynamic shift–share method. The spatial variant of the method allowed,
among others, indicating countries where the pace of population aging in a specific age group was
faster/slower than in locations neighboring the examined country. Specific regions characterized
by the fastest population aging were also indicated, and shares of structural and sectoral factors of
the changes were estimated. Furthermore, based on the values of local competitiveness indicators,
regions were identified where the aging of the population decelerated or accelerated the phenomenon
in neighboring countries in the study period.

Keywords: aging of the population; sustainable development; structural and geographical analysis;
spatial relationships; spatiotemporal analysis; dynamics of changes; European countries

1. Introduction

Aging or greying of the population is a process characterized by the increasing share of older
people (65 and over) in the population, which causes a permanent change in the age structure of
the population. A United Nations report shows that this process is most advanced in Europe (the
population pyramids that indicate changes in the national age structure for selected years and forecasts
are presented in the Appendix A). The populations of other regions are growing older as well. In 2018,
Northern America and Australia (16% of the population) were right behind Europe (20%) in the aging
statistics, followed by Asia (11%), Latin America and the Caribbean (8%), and finally, Africa (4%) [1,2].

In 2018, the share of people aged 65 and over in the European Union population reached 19.7% [3].
According to forecasts presented by the European Commission, this will rise to 29% in 2070, while
the share of the working-age population (aged 15–64) will decline from 64.7% to 56%. As a result
of those trends, the demographic old-age dependency ratio (people aged 65 or above relative to the
working-age population) is projected to increase from 30.5% to 51.2%. That implies that in 2070, there
will be only around two working-age individuals per every person aged over 65 years. The main
determinants of those processes are higher life expectancy at birth, which is forecast to rise from 81
in 2018 to 90.3 in 2070, and decreased fertility among European populations [4]. Such a prospect
constitutes a serious challenge to countries, because it forces changes and adjustments in almost every
sphere of state activity—labor market, demand for goods and services, urban planning, infrastructure
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development, etc. Economies have to prepare for increasing fiscal costs linked to pensions, healthcare,
and long-term care.

The Sustainable Development Goals, set by the United Nations General Assembly in 2015, were
developed to secure a better and more sustainable future for all people in the world. Aging of
the population has strong implications for the sustainable development and implementation of its
assumptions. Almost every goal requires taking actions related to older people. For example, to achieve
Goal 1 (No poverty), older people should be prevented from falling into poverty, which requires
flexible retirement policies, adjustments that could help them to stay longer on the labor market,
and providing social assistance for poor older people and their families. Goal 3 (Good health and
well-being) requires transformation of health and social systems from a disease-only focus towards
the provision of integrated and person-centered care also in terms of social needs. It is extremely
important to reach assumptions of Goal 5 (Gender equality), as women are still discriminated against
in many aspects of socioeconomic life. Generally, women live longer than men; they accounted for
56.9% of the European Union population aged 65 and above in 2018 [3]. Although women actively
participate in the labor market, provide child-care and long-term care for the elderly, they experience
wage discrimination, which has many negative consequences in later life, including a greater risk of
poverty (reduced access to pensions) and poorer access to health and social care services. Therefore,
there is a need to promote equitable remuneration for men and women, to raise the status of older
women within households, and to improve access to all kinds of services, from medical to social and
economic ones. Goal 9 (Industry, innovation, and infrastructure) indicates a strong need to foster
innovations that target changes brought about by population aging. The development of e-Health
technology is very important for all patients, but in the case of older people, it can provide, for example,
health monitoring that can help to maintain independence, avoid hospitalization, and improve quality
of life by ensuring a sense of security. One of the most crucial is the last one—Goal 16 (Peace, justice,
and strong institutions). To achieve it, the world should understand the process of aging and all
problems that go therewith. Old people are often stereotypically perceived as weaker and burdensome;
the society does not appreciate or even rejects them. Prejudice and discrimination against older people
create barriers to social, economic, and political development. For that reason, societies should be made
aware of and accustomed to old age; they ought to appreciate older people and use their potential.
Tackling ageism and older people’s invisibility will empower them to achieve things that previous
generations could never imagine [5].

As the European society aging process affects countries’ socioeconomic condition and causes
changes in almost every sphere of state activity, the monitoring and analysis of demographic changes
is a priority task today. Research into that area is extremely important because it enables responding
to the needs of the changing society and effects of the aging process. Therefore, the main aim of the
article was to analyze the dynamics of the aging process in Europe. The study was conducted using the
dynamic spatial shift–share analysis method (SSSA). Thus, an extensive and long-term analysis of the
rate of changes in the magnitude of the phenomenon was carried out, which allowed answering the
question about how quickly Europe is aging. Specific countries characterized by the fastest dynamics
of population aging were also indicated, and the shares of structural and sectoral factors of the
changes were estimated. Additionally, the study considered interregional relationships in the form of a
weights matrix based on geographical distance. The spatial variant of the shift–share method allowed,
among others, indicating countries where the pace of population aging in a particular age group was
faster (slower) than in locations neighboring the country. Moreover, based on the values of local
competitiveness indicators, regions were identified where the aging of the population decelerated or
accelerated the phenomenon in neighboring countries in the study period. The analyses were carried
out on the basis of statistical data obtained from Eurostat regarding the number of people aged 65
and above per 1000 of the population in the years 1991–2018. The study was not performed merely
for the European Union countries: In order to provide the most complete picture of the European
society aged 65 and above, the perspective was extended to include Iceland, Liechtenstein, Norway,
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and Switzerland. Thus, analyses were conducted for 32 European countries. The study also took into
account the population structure by gender in five age groups: 65–69, 70–74, 75–79, 80–84, and 85
and above.

The study consists of five parts. Section 2 describes main issues raised in the literature on
population aging and indicates the contribution of this article to the literature. Section 3 presents a
databank used in the study and results of a preliminary data analysis using GIS and basic statistics.
It also describes the method applied in the further analysis—the spatial dynamic shift–share method.
Section 4 discusses the results of the European population aging analyses in detail. The final section
provides general conclusions and indicates further directions of research.

2. Population Aging in Literature

The issue of the population aging and its impact on socioeconomic development has been widely
discussed in the literature. Many authors also analyzed the causes of the process. They indicated
that a demographic reason for population aging was baby boom observed in many industrialized
countries from the end of the Second World War to the mid-sixties of the twentieth century [6]. Political
stabilization and economic development provided favorable conditions to start families at that time.
Unfortunately, the postwar generation was not eager to have as many children as their parents; hence,
they constitute a larger generation than the previous and subsequent ones. Nevertheless, the fact
that they are currently attaining retirement age would not be enough to start the population aging
process. An important factor is that, in general, people live longer thanks to significant advances in
healthcare (vaccinations, blood chemistry analysis, medicines, new medical technologies, greater access
to healthcare, etc.) and better standards of living [7,8]. Moreover, the fertility rate is dropping in many
countries. The reasons for that are complex and certainly vary from country to country, but perhaps
the most crucial one is the broadly understood socioeconomic development. Countries where women
have options of education and employment, where people’s economic status is higher, and where
more people live in cities than in the countryside are generally characterized by lower birth rates
(the modern family model is usually 2 + 1) and older age of having the first child [9]. Migrations are
another factor that can affect the age structure of the population. Highly developed European countries
that attract foreigners due to higher living standards and good working conditions can benefit from
large immigration flows and slow the aging process when they implement supportive migration
policies. However, the literature emphasizes that countries are not able to control immigration to
provide a steady flow of people of working age; therefore, migration cannot be the only remedy for an
aging population. At the same time, many countries, especially in Eastern Europe, experienced the
emigration of young people after joining the European Union and opening labor markets, which is a
very negative phenomenon accelerating the population aging process [1].

The population aging process requires not only constant monitoring, but also population analyses
and forecasts that allow preparing for changes. Every three years, the Ageing Working Group of the
Economic Policy Committee and the European Commission’s Directorate-General for Economic and
Financial Affairs publish the Ageing Report presenting an analysis of the impact of aging populations
on the labor market and potential economic growth. The latest, 2018 report widely describes Eurostat’s
population projections up to 2070 and age-related expenditures for all European Union members.
The report clearly shows that fiscal costs linked to pensions, healthcare, and long-term care are expected
to rise over the coming decades, as Europe’s population continues to age significantly [4]. Therefore,
a common question that appears in literature is “Can Europe afford to grow old?” Researchers indicate
that population aging will have major repercussions for European labor markets, economic growth,
and public finances [10–12]. However, the aging of the society is a slow process, which is why countries
and economies can prepare for it and take steps to mitigate its adverse consequences. Carone and
Costello pointed out that EU member states’ policies need to adapt to the new reality. The key issue is to
design pension systems that would be sustainable in the face of uncertain economic and demographic
developments (an additional reform to raise the average age of leaving the labor market would be
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needed to stabilize the adult life portion spent in retirement). An even more important and complex
challenge is the adjustment of the healthcare and long-term care systems, which requires investment
in medical research and new technologies [10]. Those tasks seem to be impossible to achieve as they
involve profound fiscal consequences. Thus, the sustainability of public finances has become a part of
everyday political debate [12]. Nevertheless, population aging not only brings about problems and
challenges, but also creates new opportunities. One of those is silver economy, which is defined by
the European Commission as “economic opportunities brought by expenditure related to population
ageing and the needs of citizens over the age of 50” [13]. The needs of the aging population concern not
only healthcare, but also other products and services such as food, services related to housing, sports
and health clubs, tourism, wellness, cultural institutions, and education. Therefore, it creates impulses
prompting entrepreneurship and new employment opportunities, which can positively influence
economic growth [14].

The specialist world literature offers a lot of research on the depopulation and population aging
applying statistical and econometric methods, including the shift–share analysis (SSA) and its various
modifications. For example, Perry and Hayward used that to assess the impact of population changes
in different age groups on the size of population migration among New Zealand regions [15]. Jones
conducted a comprehensive analysis of changes in the population age structure as a determinant
of labor productivity in countries of the world using the shift–share method [16]. In turn, Davis
and Rodriguez employed the classical SSA to analyze the dynamics of the structure of employees
aged 55 and above for the US states [17]. A similar study for Portuguese regions was carried out by
Albuquerque and Ferreira [18]. In Poland, a dynamic approach to share–shift analysis was utilized
to assess the population aging rate at the level of subregions [19]. Nevertheless, there is a lack of
studies analyzing in detail the problem of population aging in Europe simultaneously taking into
account different cross-sections. Therefore, this study contributes to the literature by using the spatial
dynamic shift–share analysis method, which enabled a thorough analysis of population aging in
the long run (1991–2018) for women and men in 32 European countries, in five age categories of
elderly age. As a result of this study, not only a picture of changes taking place in Europe, but also
detailed information on the changes occurring in individual countries and other cross-sections were
obtained. A study taking such a comprehensive approach has never been carried out before and
should be relevant because it enables understanding the society aging process impacting strongly on
socioeconomic development.

3. Data and Methodology

3.1. Preliminary Data Analysis

The analysis of the aging process dynamics in Europe was carried out on the basis of statistical data
obtained from Eurostat on the number of inhabitants per 1000 of the population in several cross-sections:
age, gender, and space in the years 1991–2018. The research was conducted for five older age categories:
65–69, 70–74, 75–79, 80–84, and 85 and above, and 32 European countries. In addition to countries
belonging to the European Union, i.e., Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR), Cyprus
(CY), the Czech Republic (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany
(DE), Greece (EL), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg
(LU), Malta (MT), the Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK),
Slovenia (SI), Spain (ES), Sweden (SE), and the United Kingdom (UK), the analysis included Iceland
(IS), Lichtenstein (LI), Norway (NO), and Switzerland (CH).

The total population aged 65 and above per 1000 of residents in the analyzed countries was
characterized by a steady increase over the study period (from 130 in 1991 to 189 in 2018, respectively).
However, two stages were clearly marked. The first stage, until 2010, in which the variable showed
slower dynamics—an increase of fewer than 2 people from year to year—and the second stage, after
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2010, where the acceleration of the process could be observed—an average annual growth of about 4
people, Figure 1.

Figure 1. Total number of people aged 65 and above per 1000 of the population in 32 European countries
in the years 1991–2018.

Women clearly predominated among individuals aged 65 and above. The difference between the
number of women and men remained at the level of 29 in the years 1991–2018. Both variables were
characterized by steady growth. The number of women aged 65 and above per 1000 of the population
increased from 79 in 1991 to 108 in 2018, while the number of men from 51 to 80 respectively, Figure 2.

Figure 2. The total number of women and men aged 65 and above per 1000 of the population in 32
European countries in the years 1991–2018.

Throughout the analyzed period, the largest group was people aged 65–69. The variable ran at
about 45 people per 1000 of the population until 2011; there was a marked increase of about 2 people
from year to year in the years 2012–2016. In 2018, the number of people in that age category was
57 per 1000 of the population. For individuals aged 70–74, there were two considerable rises in the
variable level: in 1992–1995 and 2017–2018. It should be emphasized that it was in that age category
that the highest population growth per 1000 of inhabitants was observed in the analyzed period: from
16 people originally, reaching 46 in 2018. A decrease in the population aged 75–79 per 1000 of residents
was noted in 1992–1995. A steady growth in subsequent years meant that the variable reached the level
of 36 people in 2018. As for individuals aged 80–84, a drop per 1000 of the population was recorded in
1996–2000, whereupon the level of the variable increased to as many as 26 in 2018. The largest increase
in the analyzed period was recorded for the oldest people—aged 85 and above, Figure 3.

The maps in Figure 4 clearly show that there was an increase in the population of senior citizens
in all the countries in the years 1991–2018. In addition, the number of people aged 65 and above was
characterized by quite significant spatial diversity. A clear division of continental Europe into the older
western part and the younger eastern part can easily be seen. In 1991, the highest values of the variable
were recorded in Northern Europe: in Sweden and Norway. In 2000, Germany and Belgium, as well as
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countries of southern Europe—Portugal, Spain, Italy, Greece, and Bulgaria—joined that group. In 2010,
Germany and Italy were characterized by the largest number of older people. In 2018, over half of the
analyzed countries already belonged to that group. The lowest values of the variable were recorded in
Ireland, Iceland, and Slovakia throughout the analyzed period.

Figure 3. Total number of people per 1000 of the population in particular age categories in 32 European
countries in the years 1991–2018.

Figure 4. Number of people aged 65 and above per 1000 of the population in European countries in
selected years.
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As previously noted (Figure 2), women clearly predominated among older people in the entire
study period. The biggest difference (of 68 people) between the number of women and men aged 65
and above per 1000 of the population was recorded in Latvia, while the smallest in Iceland (of 6 people).
It can be clearly seen on the maps in Figure 5 that the number of women aged 65 and above per 1000 of
the population was more spatially diversified than the number of men in Europe. The lowest values of
the variable for men characterized the eastern part of Europe, as well as Ireland and Iceland, whereas
the highest were reported for Sweden, Germany, Italy, and western continental Europe. As for women,
over the years, a significant increase in the number of senior citizens per 1000 of the population was
noted in the eastern part of the continent, whilst the countries with the lowest numbers throughout the
research period included Ireland, Iceland, Cyprus, Liechtenstein, and Slovakia, Figure 5.

Figure 5. Cont.
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Figure 5. Numbers of women and men aged 65 and above per 1000 of the population in European
countries in selected years.

3.2. Spatial Dynamic Shift–Share Analysis

The shift–share analysis was proposed by Creamer at the turn of the 1950s and 1960s [20].
Beginning in 1960, it has been popularized under the name of shift–share analysis (SSA) in research on
the diversity of regional economic growth [21].

The method enables the multidimensional assessment of the dynamics of various processes.
As a result of calculations, the so-called total net effect is determined, i.e., a relative change in the
phenomenon in a region less a permanent total change. The net effect allows the indication of regional,
local, structural, and sectoral factors determining the dynamics of examined processes. The classical
(static) approach to the method defines the net change (effect) as follows:

txr · − tx·· =
∑

i
ur ·(i)(tx· i − tx ··) +

∑
i
ur ·(i)(txri − tx·i), (1)

where txr ·—growth rate (positive or negative) of the phenomenon in the current period in relation to
the base period in the r region (gross effect), tx··—growth rate in the reference area, ur ·(i)—regional
weights (shares) for the r region in the total variable value (reference value), txr · − tx··—total net effect,
pure net growth defined as a difference between the regional growth rate and the growth rate for
the reference area, and (tx· i − tx ··)—structural factor of regional growth, with tx· i being the average
growth rate of variable x in the i sector (section, category). The structural effect is equal to the weighted
average of deviations between average growth rates in sectors and the growth rate in the reference
area. It defines the degree of regional differentiation due to changes in the phenomenon structure;
(txri − tx·i)—geographical growth factor in the i sector of the r region for txri being the individual
growth rate of variable x in the i sector and in the r region. That is a weighted average of regional
deviations (txri − tx·i) assigning categories of the cross-sectional qualitative criterion to the respective
regions (hence, that is the average effect of belonging to the r region). Therefore, the geographical effect
is also considered to be a local, specific effect and a regional competitiveness effect.

The static nature of the classical approach (1), on the one hand, is a simplification of the calculation
process (changes are determined merely for two extreme study periods), but, on the other hand, it is its
disadvantage. If the dynamics of the phenomenon is studied over many periods, it seems unfounded
to assume the stability of the occurring phenomena in the meantime.

In 1988, Barff and Knight [22] modified the classical SSA method. The modification consisted in
adopting time-varying regional weights and calculating recursively. That means that changes in the
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value of the examined characteristic and individual effects are determined sequentially for each pair of
consecutive periods. The results obtained are then added up:∑

z
(txr · − tx··) =

∑
z

∑
i
ur ·(i)(tx· i − tx ··) +

∑
z

∑
i
ur ·(i)(txri − tx·i), (2)

where z—periods of analysis.
However, classical and dynamic shift–share analysis approaches do not assimilate the idea of

spatial relationships among regions. In consequence, examined objects are treated as economically and
geographically unrelated areas, hence contradicting the assumption of Tobler’s spatial autocorrelation
theory [23]. In 2004, Nazara and Hewings [24] proposed introducing elements of the spatial weights
matrix to the classical structural–geographical equation (SSSA, spatial shift–share analysis). One of the
variants of the method, taking into account spatial relationships, is the following Equation (3):

txr · − tx·· =
∑

i
ur ·(i)(Wtx· i − tx ··) +

∑
i
ur ·(i)(txri −Wtx·i), (3)

where (Wtx· i − tx ··)—structural factor of regional growth, (txri −Wtx·i)—local (geographical) growth
factor in the i category (sector) of the r region, and W—adopted spatial weights matrix. In practice, it is
assumed that spatial weights of the W matrix change or do not change over time. In the abovementioned
publication by Nazar and Hewings, various possible SSSA variants were presented.

Population aging shows a long-term trend that began in Europe several decades ago (Figures 1–3).
The trend is visible in the transformation of the age structure of the population and is reflected in a
growing share of older people, along with a declining share of working-age individuals in the total
population [4]. Therefore, in this study, due to the long-term and spatiotemporal changes occurring in
the structure of the elderly age population, a dynamized SSA approach was applied:∑

z
(txr · − tx··) =

∑
z

∑
i
ur ·(i)(Wtx· i − tx ··) +

∑
z

∑
i
ur ·(i)(txri −Wtx·i), (4)

where txr · means the rate of increase in the number of people aged 65 and above per 1000 of the
population in the zn current period in relation to the previous (base) zi period in the r country; tx·· is
the rate of change in the phenomenon in Europe (being the reference area); ur ·(i) are regional weights
for the r country in the form of shares of the analyzed variable in the total value of the variable in a
given country for the i age category (men and women in this case, in five age groups); (txr · − tx··) is the
total global net effect, i.e., the difference between national and European growth rates in the number
of people in the studied age group (not including the impact of neighborhood); and (Wtx· i − tx ··)
means the structural factor of growth rate equal to the deviation between the average and spatially
weighted growth rates in the number of people aged 65 and above per 1000 of the population in
i categories less the average growth rate. In the conducted analysis, negative values of structural
indicators (Wtx· i − tx ··) indicate that the pace of changes in the i age category is slower in locations
(defined in matrix W) neighboring the r examined country. In turn, (txri −Wtx·i) is a geographical,
differentiating, specific growth factor of people aged 65 and above per 1000 of the population in the r
country, being the average effect of belonging to the r region. It has been mentioned above that the
effect is also called the local competitiveness indicator, because it can be used to analyze the occurrence
of internal changes in the i age category related to the competitiveness of the r country in relation
to neighboring countries (according to the W matrix). What is more, it expresses the dynamics of
changes in the age structure, specific to a given unit compared to the pace of changes in neighboring
countries. Thus, a negative value of the indicator shows that the pace of aging of the r country in the
examined periods is lower compared to that of the other countries, i.e., a given region is competitive in
terms of the phenomenon growth rate in the i category relative to other regions (a positive value of
the spatial–geographical effect is interpreted in the opposite way); W—spatial geographical distance
matrix (more on the selection and construction of the matrix in Section 3.3). The model described by
Equation (4) was applied for each pair of consecutive years. The results were added up.
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3.3. Spatial Matrix—Reasoning and Selection

The choice of spatial weights matrix is a serious methodological problem [25,26]. Getis and
Aldstadt [27] indicate general principles that should be followed when choosing a matrix. They
emphasize that less complicated and easier to interpret matrices are preferred. Moreover, when
analyzing spatial relationships, distances rather than just immediate vicinity should be taken into
account. An important assumption regarding the selection of a spatial weights matrix was also
formulated by LeSage [28]. He stated that the choice of a matrix depends on the nature of the problem
and additional exogenous information not included in the data set. Therefore, knowing the local reality
is extremely important, as interregional relationships may result from the spatial aggregation of causes
rather than diffusion of effects.

Data presented in Figures 4 and 5 show that European countries were grouped into homogeneous,
compact areas of population aging in the years 1991–2018. Wulff and Ejlskov [29], Suchecka and
Urbaniak [30], Sundström et al. [31], and Wiktorowicz [32] concluded that the regionalized aging of
the European population may be associated with a certain tendency towards spatial concentration of
the process determinants.

Taking into account the above assumptions, the specificity of the analyzed phenomenon, and
maintaining the above-mentioned condition of exogeneity [33], this analysis applies spatial weights
matrix W based on geographical distance, where wrk = 1 when the distance between the r and k
countries is smaller than a certain set radius g, and wrk = 0 for the distance between the r and k countries
greater than g. In this analysis, g = 1437 km, because it is the smallest physical distance from the
geographical centers of the countries determined in such a way so that each country has at least one
neighbor. The element of the structural and geographical equation in model (4) takes the form:

Wtx·i =
(
∑R

k=1 wrkX∗ki −
∑R

k=1 wrkXki)∑R
k=1 wrkXki

, (5)

where for i = 1, . . . , S, r, k = 1, . . . , R, Xki is the number of people aged 65 and above per 1000 of the
population in the k country for the i age group, X∗ki is the same value for the final period, and wrk is an
element of the spatial weights matrix for the r and k countries. It was assumed that spatial weights did
not change over time, and matrix elements were standardized by rows to 1.

4. Results and Discussion

4.1. Interpretation of SSSA Components

In the years 1991–2018, the number of people aged 65 and above per 1000 of the population in the
32 European analyzed countries increased in total by 37%. There was no country in which the number
of elderly people fell (Table 1, Figures 4–6).

The population was aging the fastest in Malta, where the population aged 65 and above per
1 thousand inhabitants increased by 66% in 2018 compared to 1991 (an average annual rise in the
population in the studied age group was 2.5%). The growth rate of the elderly population in Malta was
29 percentage points faster than the average growth rate of the phenomenon in Europe (the European
net effect = 37%, Figure 6). Countries where the above 65 population growth rate was equally high
were Slovenia and Liechtenstein. In the indicated countries, there was an increase of about 60% in the
population aged 65+ per 1 thousand inhabitants (with an average annual growth rate of around 2%).
Poland also belonged to the group of countries characterized by the fastest aging of the population
(an absolute increase in the population aged 65 and above reached the level of 52.7% in the analyzed
period). The Polish population was aging, on average, by 16 percentage points faster than the European
one, Figure 6.
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The slowest aging countries were Luxembourg (a growth rate of 10.4% and an average annual
growth rate of 0.4%) and Norway (NO txr · = 5.4%, an average annual growth rate of 0.2%), Table 1. In
Norway, the growth rate was by 32 percentage points slower than the average in Europe and by about
62 percentage points slower than in Malta, Figure 6.

Table 1. Dynamics of population aging in European countries in 1991–2018 (growth rate in %).

GROWTH RATE OF AGING (txr .) COUNTRIES

The fastest for txr. ∈ <45.8; 66)
Portugal (45.8), Greece (46), Finland (47.2), Latvia (52), Estonia

(52.3), POLAND (52.7), Romania (54.1), Lithuania (55.9),
Liechtenstein (59.2), Slovenia (59.3), Malta (66)

Fast for txr. ∈ <25.6; 45.8)
Cyprus (44.2), Bulgaria (44.2), the Czech Republic (43), Slovakia

(41), Italy (40.4), the Netherlands (39.6), Germany (37), France (34.8),
Spain (34.2), Hungary (33.9), Croatia (33.3), Iceland (31.9)

Moderate for txr. ∈ <10.8; 25.6) Sweden (13.6), the United Kingdom (16.1), Ireland (21.6), Belgium
(22.7), Denmark (22.9), Austria (23.6), Switzerland (24.4)

The slowest for txr.∈ <5.4; 10.8) Norway (5.4) and Luxembourg (10.4)

EUROPEAN GROWTH RATE (tx..): 37

Note: the groups were created based on the formula included in: Kukuła (2004, p. 28).

Figure 6. Net effect of the number of individuals aged 65 or over per 1000 of the population in Europe
(in percentage points).

In the years 1991–2018, an increase in the number of women and men per 1 thousand of the
population was observed in all the analyzed age groups: 65–69, 70–74, 75–79, 80–84, and 85 and above,
Figure 7. Nevertheless, men aged 85 and older were characterized by the most dynamic population
aging. During the study period, the number of men in that age group increased by more than 96%,
whilst the growth rate was by about 60 percentage points higher than the average in Europe (an average
annual growth rate for men was about 4%). The slowest growth rate was recorded in the group of men
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aged 65–69 and women aged 75–79 per 1000 of the population. The increases were slower than the
average growth rate by 28.3 and 25.4 percentage points, respectively, Figure 7.

Figure 7. Sectoral growth rates by gender and specific age category of the number of people aged 65
and above per 1000 of the population (in % and percentage points). Note: M—men; W—women.

The pace of the European population aging varied, and the results of the conducted analysis
indicate that the dynamics of changes in the number of people aged 65+ per 1000 of the population in
individual countries (the net effect) was determined by changes in the population structure in specific
age groups in neighboring regions (structural effects) and the local competitiveness of a given country
relative to other units (geographical effects), Table 2.

Table 2. Values of spatial shift–share analysis (SSSA) components (in percentage points, pp).

Country NEF SEF GEF Country NEF SEF GEF

NO −31.5 −2.7 −28.8 IT 3.4 −8.5 11.9
LU −26.5 −9.2 −17.4 SK 4 −10.6 14.6
SE −23.4 −3 −20.4 CZ 6 −10.1 16.1
UK −20.9 −5 −15.8 BG 7.2 −9.9 17.1
IE −15.3 −5.9 −9.5 CY 7.2 −6.7 13.9
BE −14.3 −7.4 −6.9 PT 8.8 −7.8 16.5
DK −14 −5 −9 EL 9 −8 17
AT −13.3 −8.5 −4.8 FI 10.3 −7.5 17.8
CH −12.5 −5.9 −6.6 LV 15 −14.2 29.2
IS −5 −4.4 −0.6 EE 15.4 −13.6 29

HR −3.6 −10.1 6.5 PL 15.7 −11.2 26.8
HU −3 −10.1 7.1 RO 17.2 −11.8 28.9
ES −2.8 −6.2 3.4 LT 18.9 −12.5 31.4
FR −2.1 −6.7 4.5 LI 22.3 −6.7 28.9
DE 0.004 −9.68 9.69 SI 22.4 −12.1 34.5
NL 2.6 −6.3 8.9 MT 29 −6.5 35.6

Note: NEF—netto effect; SEF—structural effect; GEF—geographical effect.

Based on the SSSA results contained in Table 2, it was observed that the estimated structural
effects were negative in all the studied countries. Therefore, it can be concluded that the population
growth rates in individual age groups in a given country were corrected for negative structural effects,
i.e., slower changes in the structure of the population aged 65+ per 1000 thousand inhabitants in
neighboring units in the years 1991–2018, whereas a key factor differentiating the pace of elderly
population growth was geographical effects. Competitiveness indicators took negative and positive
values, thus polarizing countries in terms of the population aging dynamics in individual age groups.
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Positive effects characterized socially disadvantaged, i.e., faster aging, countries. The above-average
positive value of the geographical effect (GEF = 18.6) showed a country’s growing uncompetitive
position in relation to the defined neighboring countries in the analyzed period. The group included,
among others, Malta, Slovenia, Lithuania, Latvia, Estonia, Romania, Liechtenstein, and Poland.
Developing countries predominated in the group. For example, in Malta, where the fastest relative
increase in the older age population per 1000 inhabitants was recorded (NEFMT = + 29 pp.), the
value of the total effect was more strongly influenced by the positive value of the geographical effect
(GEFMT = 35.6 pp). The situation indicates the country’s uncompetitiveness, resulting from a specific,
higher dynamics of 65+ population growth (despite the fact that the net effect value in Malta was
affected by the slower population aging process in neighboring countries—an adjustment of the growth
rate for the value in individual groups caused by the impact of structural changes in neighboring
countries was at the level of SEFMT = −6.5 pp).

In turn, the above-average negative value of the geographical effect (GEF = −12) reflected a high
competitive position of a country in relation to neighboring units. An exceeding value of the above
effect also indicated an impact of specific factors and local conditions on the phenomenon growth
rate greater than that of changes in the age structure of the elderly population. Norway, Sweden,
Luxembourg, and the United Kingdom belonged to the group of ”competitive” countries with a much
slower rate of population aging. Thus, in Norway, the net effect (NEFNO = −31.5 pp) was mainly
influenced by the negative value of the geographical effect (GEFNO = −28.8 pp), and the value indicated
the local competitiveness of the country (in relation to neighboring countries, defined in matrix W)
in terms of the population aging pace. Therefore, there was a specific, slower dynamics of changes
in the structure of the population aged 65+ per 1 thousand inhabitants in Norway, which in turn
might be conditioned by local socioeconomic factors. The results of the analysis also indicate a slight
impact of slower structural changes in neighboring regions on the population growth rate in Norway
(SEFNO = −2.7 pp).

The results of the carried out analysis also identified countries where the negative value of the net
effect (i.e., slower population aging than the average in Europe) was influenced by the dynamics of
changes in the age structure of the population in neighboring countries (defined in matrix W) more
than by local competitiveness (the absolute value of structural effect was negative and exceeded the
geographical effect value). That was the case in France, Spain, Hungary, Croatia, and Austria (where
the values of both effects were negative), Table 2.

4.2. Discussion of Potential Determinants of SSSA Results

Although the SSSA method did not indicate the direct, socioeconomic causes of the phenomenon
growth rate, the careful analysis of the net effect components, i.e., structural and geographical effects,
enabled identifying age categories in which the population growth rate significantly affected the aging
rate in a given country, Table 3.

Table 3. Structural and geographical effect components impacting on the 65+ population growth rate
in selected countries (in percentage points, pp).

Country NEF SEF
65–69 70–74 75–79 80–84 85+

M W M W M W M W M W

NO −31.55 −2.70 −1.29 −3.88 1.40 −1.14 0.75 −2.66 1.60 −1.07 2.54 1.04
LU −26.53 −9.15 −1.64 −4.93 0.91 −1.82 0.19 −3.44 0.98 −1.74 1.69 0.64
PL 15.69 −11.15 −1.78 −5.83 0.88 −2.39 0.33 −3.56 0.85 −1.69 1.43 0.62
AT −13.33 −8.49 −1.56 −4.89 0.71 −1.93 0.41 −3.25 1.04 −1.62 1.88 0.72
SI 22.36 −12.10 −1.75 −5.89 0.67 −2.38 0.11 −3.65 0.69 −1.84 1.33 0.62

MT 29.03 −6.54 −1.58 −5.14 1.41 −1.70 0.69 −2.72 1.25 −1.11 1.79 0.57



Sustainability 2019, 11, 5661 14 of 21

Table 3. Cont.

Country NEF GEF
65–69 70–74 75–79 80–84 85+

M W M W M W M W M W

NO −31.55 −28.85 −1.35 −1.19 −3.13 −4.03 −3.80 −4.14 −3.19 −3.91 −2.09 −2.02
LU −26.53 −17.38 0.27 −3.16 −1.49 −3.59 −2.15 −3.23 −0.99 −2.16 −0.27 −0.62
PL 15.69 26.84 4.64 6.37 1.40 4.39 −0.11 2.84 0.03 3.02 0.39 3.87
AT −13.33 −4.83 −0.16 −3.92 1.05 −0.73 1.66 0.43 −1.03 −2.39 −0.27 0.52
SI 22.36 34.45 6.63 2.73 4.51 5.77 1.95 3.42 1.01 3.10 0.72 4.61

MT 29.03 35.57 5.59 6.70 4.73 7.27 0.74 3.79 0.42 3.41 −0.01 2.92

Note: grey color—the highest pace of change (+ or −) in the age categories that significantly affected the net effect
components in a given country.

The data contained in Table 3 show that the negative value of the geographical effect in Norway
was conditioned by a slower pace of elderly population growth per 1000 inhabitants in all age
categories in relation to neighboring countries (specified in matrix W). The results of the analysis
indicate that Norway’s slower aging rate was determined by a slower increase in the number of
women aged 70–74, as well as women and men aged 75–79 compared to that in the other studied
countries (GEFW70−74 = −4.03 pp, GEFM75−79 = −3.80 pp, GEFW75−79 = −4.14 pp). On the other hand, in
Luxembourg (ranking the second as the slowest aging country), the geographical effect was influenced
by a slower growth rate in the number of women aged 65–69, 70–74, and 75–79 than that in neighboring
countries (GEFW65−69 = −3.16 pp, GEFW70−74 = −3.59 pp, GEFW75−79 = −3.23 pp). The specialist
literature indicates that Norway has been carrying out one of the most effective and sustainable social
policies aimed at old and aging people for years [34].

Norway’s population is aging, as are the populations of other countries in Europe. The impact of
aging in Norway is lessened by high fertility rates and positive net immigration. Nevertheless, policy
and political responses to this aging population include pension reforms implemented on a phased-in
timeline beginning in 2011, a plan that began in 2001 among the major political parties to develop
an inclusive workplace policy, and a transformation of the national health care system designed to
support the health and care needs of an older population, which includes more attention to primary
and preventive care, support for independent living, and provisions for care delivered in the home.
The government of Norway has been working to implement a strategy to create an ‘age-friendly’
society since 2015 [35]. The UN’s Sustainable Development Goals (SDGs) and Agenda 2030 have been
used as input to Norway’s strategy [36]. Studies of elderly patients across Scandinavia show that
chronic disease self-reports fell between 2002 and 2015 [37].

That same study revealed that people aged 65 and older reported better health and function over
that time period, perhaps due to improvements in the support systems and environment, rather than
their individual efforts [38]. Over 40% of the elderly (<67 years) reported that they were satisfied with
their life in Norway, according to a study conducted by [39].

Norway has prioritized both equality across generations and support for issues facing aging
people [33]:

• The labor force participation of older people is high and rising;
• Most older people are active in civic organizations, volunteering, family activities, and have

regular social contact;
• Norwegian health policy is designed to emphasize individual empowerment and coping skills;
• That same health policy emphasizes health promotion and disease prevention, tailored to all

life stages;
• Public health policy stresses active aging.

By contrast, Luxembourg faces a different situation regarding an aging population. While nearby
countries have rectangular age “pyramids”, indicating equal numbers of people in each age bracket,
the demographics of the population in Luxembourg are skewed by a massive number of foreigners,
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who tend to be much younger than citizens [40]. Moreover, Luxembourg follows a population aging
trend that is expected to accelerate, not only because of a decline in mortality and fertility rates, but also
because of people living longer [41]. The country might also have one of the highest life expectancies
in Europe, at around 84 years, by 2040–2045 [42]. However, the Luxembourg healthcare system is one
of the most comprehensive ones in the world, offering virtually unrestricted access to the Luxembourg
population [43].

In turn, the aging of Malta’s population was conditioned by the largest increase in the number of
men aged 70–74 in Europe (GEFM70−74 = 7.27 pp) and aged 65–69 (GEM65−69 = 6.70 pp). In Malta, as in
Norway, local factors exerted the greatest impact on the growth rate of the phenomenon in the country
(NEF = 29.03 pp, SEF = −6.54 pp, GEF = 35.57 pp). Nevertheless, in the case of Malta, the indicated
geographical effect components determined the country’s least favorable position in the ranking of the
fastest-aging European countries. Malta is an example of a country suffering from inversion of the age
pyramid, according to Formosa’s findings [44]. The population of the Maltese islands has shifted due
to decreased fertility and increased life expectancy. Per capita expenditure on health care for people
over 65 (men) and 68 (women) is high and increases sharply for people older than 75.

The increased costs of social protection for elderly citizens may result in aging being a burden,
rather than an achievement [45]. The Maltese government has been working to implement the concepts
of active aging promoted by the World Bank, the WHO, and the EU since 2011, but it is a challenging
effort. Policies adopted before the turn of the century require updating, modernization, and revision
to be sustainable considering the current population trends, with the intent of encouraging active
participation and involvement of older people [44]:

• Increasing social awareness of the benefits of involvement of and involving older people in
community activities;

• Addressing barriers to involvement, particularly for older people who are not able to live
independently or who are frail;

• Considering the needs and desires of an older population for involvement;
• Providing opportunities and increasing motivation to participate.

By contrast, Poland and Slovenia belonged to the group of countries where the population aging
rate was definitely higher than the European growth rate of the studied phenomenon (NEFPL = 15.69 pp,
NEFSI = 22.36 pp). The study results indicate that faster aging of the population in the abovementioned
countries was conditioned by the specific dynamics of population changes in individual age groups,
compared to the pace of sectoral changes in neighboring units (geographical effects were positive
and outweighed structural effects). The data contained in Table 3 also show that the geographical
effect value in both countries was most strongly influenced by, among others, a rapid increase in the
number of women aged 85 and above (GEFPLW85+ = 3.87 pp, GEFSIW85+ = 4.61 pp). As can be seen,
a common feature of countries aging faster on average was also a faster increase in the number of
men aged 65–69 and women aged 70–74 and 80–84. Demographers describe that process as double
aging. At first, an increase in the general number of older people in a society is observed. Then, within
that group, there is an increase in the number of people of advanced age, who are called old-old (the
percentage of individuals aged 80 years and above is higher) [46]. This takes place both in Poland and
Slovenia. Moreover, Poland belongs to a small group of European countries where a total of three
phenomena have recently occurred, exerting a major impact on demographic dynamics: decreased
fertility, increased emigration, and lack of immigration [47]. What seems particularly important for
Poland is the long-term nature of those processes and their convergence over a period of at least
25 years. Owing to fewer births than in the past and rising life expectancy, Slovenia also faces the
process of population aging, which is expected to be faster than in the other European countries,
according to demographic projections [48]. Furthermore, the aging policy in Slovenia severely suffered
from the effects of the economic crisis [49]. In order to comprehensively address those challenges,
Slovenia’s and Poland’s governments have adopted the Active Aging Strategy, the long-term care
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system [50], as well as assessed the chances to reduce unemployment among people before retirement
age and thus decrease government spending [51].

A separate group of countries were those where the growth rate was slower than the average
in Europe and conditioned by changes in the age structure of the subjects. For example, in
Austria, there was a faster increase in the number of women aged 65–69 than in neighboring
units (SEFATW65−69 = −4.89 pp), but a slower increase in the population aged 80–84 and 85 years and
above (SEFATM80−84 = 1.04 pp, GEFATW80−84 = −2.39 pp, SEFATM85+ = 1.88 pp, SEFATW85+ = 0.72 pp).
In Austria (as one of the industrialized societies), the aging of the population was influenced by low
fertility, increasing life expectancy, and moderate migration. Despite the 2000s reforms aimed at closing
off early retirement paths, boosting labor market participation and delaying retirement transition,
the aging process has become more apparent [52]. Within 30 years, the balance of age groups in
Austria is expected to shift to half being older than 48.3 years and one-third being at least 65 years
old. The median age of the population is expected to rise to 48.3 from 38.2 by 2050 [53]. The Austrian
government has responded to this finding by introducing a federal plan in 2011 that set a direction for
support of active aging and better quality of life. However, this plan provided guidelines only rather
than specific political actions [54].

Population aging affects all European countries; hence, it has become one of the main issues in
international discussion on balanced growth and integrated development.

5. Conclusions

The aim of the article was to analyze the dynamics of the aging process in Europe. Based on the
conducted research, it was found that there was an increase in the population aged 65 and above per
1000 inhabitants in each of the analyzed countries in the years 1991–2018 (the total increase was 37% in
the studied countries). The average annual rise in the number of elderly people was 1.4% (two people).
In addition, the number of senior citizens was characterized by quite large spatial diversity; a clear
division of continental Europe into the older western part and the younger eastern one could be seen.
Throughout the analyzed period, women clearly predominated among the elderly; the number of
women aged 65 and above per 1000 of the population was also more spatially diversified than the
number of men in Europe.

The populations of Malta, Slovenia, Liechtenstein, Lithuania, and Romania were aging the fastest.
Poland, like the abovementioned European countries, was struggling with the dynamic aging problem
as a result, on the one hand, of extended population longevity and, on the other hand, a decreased
number of births. The slowest (slower than the European growth rate) aging processes were recorded
in Norway and Luxembourg.

The results of the performed analysis show that the dynamics of population aging in European
countries was determined by changes in the age structure of women and men (structural and sectoral
effects), spatial relationships, and specific, slower or faster dynamics of changes in the structure of
the population aged 65+ per 1000 inhabitants (geographical effects). The male population was aging
much faster than the female one. The most dynamic population aging process was characteristic of
men aged 85 and above (it was over 50 pp faster than the aging process for women in that age group).
The slowest increase in the number of people was recorded in the groups of women aged 65–69 and
75–79. Nevertheless, the key factor differentiating the pace of advanced age population growth was
not the dynamics of changes in the age structure (also in neighboring countries), but geographical
effects (called local competitiveness factors).

The SSSA does not provide an answer to the question about specific local factors and consequences
of a phenomenal growth rate in the senior population but does allow for a faster and more comprehensive
understanding of the analyzed process. Our findings supported a comprehensive study of the dynamics
of population aging, an indication of the causes of that process and identification of benchmark
countries—Norway, Malta, and Austria—with the greatest achievements in terms of implementing
old age policy. The results, combined with the knowledge of the locally implemented sustainable
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social policies aimed at the elderly and old age, can enrich the conclusions about the conditions and
directions of European countries’ aging populations and hence may be of interest to policymakers and
service providers.

Moreover, by introducing spatial elements to the shift–share model, this study conducts research
into the aging structure of European countries by considering the regional aging spatial effect, which
extends the research scope of the original shift–share model. The national growth rate calculated
in a classical way, i.e., without taking into account the dynamics in the age structure occurring in
intermediate years of the examined period, and without considering the fact that no country appears
as a separate geographical area, would be 44%. That would mean an increase of 44% in the number
of people aged 65 and above per 1000 of the population in 2018 in relation to 1991 (by 7 pp more
than the results obtained employing the spatial dynamic method). In general, the values of effects
determined using the classical method are overstated as the SSSA method takes into account the
presence of a specific dynamics of changes compared to neighboring countries and introduces an
adjustment for growth in individual age groups (including spatial interactions) caused by the growth
rate of neighboring countries.

Undoubtedly, the values of the received results were influenced by the nature of the adopted
spatial weights matrix. The issue of matrix selection, an in-depth explanation of the causes and
consequences of the European society aging, taking into consideration the spatial distribution of the
phenomenon and the local conditions of each unit (country), are the main directions for further research
by the authors of this publication.

Author Contributions: Conceptualization, E.A. and K.L.-G.; Formal analysis, E.A. and K.L.-G.; Investigation, E.A.
and K.L.-G.; Methodology, E.A.; Validation, E.A. and K.L.-G.; Visualization, E.A. and K.L.-G.; Writing—Original
Draft, E.A. and K.L.-G.; Writing—Review and Editing, E.A. and K.L.-G.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2019, 11, 5661 18 of 21

Appendix A
Sustainability 2019, 11, x FOR PEER REVIEW 18 of 21 

 

1991 2000 

  
2018 2025 

  
2040 2070 

  

Figure A1. Population pyramids of Europe. Note: The source of the charts is PopulationPyramid.net 
[55]. 

References 

Figure A1. Population pyramids of Europe. Note: The source of the charts is PopulationPyramid.net [55].

PopulationPyramid.net


Sustainability 2019, 11, 5661 19 of 21

References

1. United Nations. World Population Ageing 2017. Available online: https://www.un.org/en/development/
desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf (accessed on 3 October 2019).

2. World Bank. Available online: https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS (accessed on
3 October 2019).

3. Eurostat. Population on 1 January by Broad Age Group and Sex. Available online: http://appsso.eurostat.ec.
europa.eu/nui/show.do?dataset=demo_pjanbroad&lang=en (accessed on 28 June 2019).

4. European Commission. The 2018 Ageing Report. Underlying Assumptions and Projection Methodologies;
Institutional Paper 065; European Union: Brussels, Belgium, 2017. [CrossRef]

5. World Health Organization. Healthy Ageing and the Sustainable Development Goals. Available online:
https://www.who.int/ageing/sdgs/en/ (accessed on 1 July 2019).

6. Monnier, A. Baby boomers: Towards the end of an era. Popul. Soc. 2007, 431, 1.
7. Costa, D.L. Causes of improving health and longevity at older ages: A review of the explanations. Genus

2005, 61. [CrossRef]
8. World Health Organization. Global Health and Ageing. Available online: https://www.who.int/ageing/

publications/global_health.pdf (accessed on 9 July 2019).
9. ESHRE Capri Workshop Group. Europe the continent with the lowest fertility. Hum. Reprod. Update 2010,

16, 590–602.
10. Carone, G.; Costello, D. Can Europe Afford to Grow Old? Financ. Dev. 2006, 43, 28–31.
11. Begg, I.; Brinke, L. Coming to Terms with an Ageing Europe. Dahrendorf Forum Policy Brief 2018. Available

online: https://www.dahrendorf-forum.eu/publications/coming-to-terms-with-an-ageing-europe/ (accessed
on 10 July 2019).

12. Walker, A. The Future of Ageing in Europe. Making an Asset of Longevity; Department of Sociological Studies,
University of Sheffield: Sheffield, UK, 2019. [CrossRef]

13. European Commission. The 2015 Ageing Report. Economic and budgetary projections for the 28 EU Member
States (2013–2060). Eur. Econ. 2015, 3. [CrossRef]

14. Gløersen, E.; Drăgulin, M.; Hans, S.; Kaucic, J.; Schuh, B.; Keringer, F.; Celotti, P. The Impact of Demographic
Change on European Regions; European Union: Brussels, Belgium, 2016. [CrossRef]

15. Perry, M.; Hayward, D. Contribution of Demographic Structure to Regional Migration, 1991–2001. N. Z.
Popul. Rev. 2003, 29, 139–146.

16. Jones, P. Job creation and regional change under New Labour: A shift-share analysis. Environ. Plan. 2012, 44.
[CrossRef]

17. Davis, S.M.; Rodriguez, A.E. Something Old, Something New: MBA Program Evaluation Using Shift-Share
Analysis and Google Trends. Res. High. Educ. J. 2004, 23, 1–15.

18. Albuquerque, P.; Ferreira, J. Envelhecimento, emprego e remunerações nas regiões portuguesas: Uma análise
shift-share. EURE 2015, 41, 239–260. [CrossRef]

19. Antczak, E.; Lewandowska-Gwarda, K. Dynamics of population ageing process in Poland. The analysis
using structural-geographic methods. Studia Studia Reg. I Lokalne 2018, 4, 89–110. [CrossRef]

20. Creamer, D. Shift of Manufacturing Industries. In Industrial Location and National Resources; U.S. Government
Printing Office: Washington, DC, USA, 1942; Volume 9, pp. 85–104.

21. Dunn, E.S. A statistical and analytical technique for regional analysis. Pap. Reg. Sci. Assoc. 1960, 6, 77–112.
[CrossRef]

22. Barff, R.A.; Knight, P.L. Dynamic Shift-Share Analysis. J. Urban Reg. Policy 1988, 19, 1–10. [CrossRef]
23. Tobler, W. A Computer Movie Simulating Urban Growth in the Detroit Region. Econ. Geogr. 1970, 46,

234–240. [CrossRef]
24. Nazara, S.; Hewings, G.J.D. Spatial Structure and Taxonomy of Decomposition in Shift-Share Analysis.

Growth Chang. 2004, 35, 476–490. [CrossRef]
25. Griffith, D.A. Some Guidelines for Specifying the Geographic Weights Matrix. In Practical Handbook of Spatial

Statistics; Arlinhaus, S.L., Ed.; CRC: Boca Raton, FL, USA, 1996; pp. 65–82.
26. Zhang, X.; Yu, J. Spatial weights matrix selection and model averaging for spatial autoregressive models.

J. Econ. 2018, 203, 1–18. [CrossRef]

https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=demo_pjanbroad&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=demo_pjanbroad&lang=en
http://dx.doi.org/10.2765/40638
https://www.who.int/ageing/sdgs/en/
http://dx.doi.org/10.2307/29788834
https://www.who.int/ageing/publications/global_health.pdf
https://www.who.int/ageing/publications/global_health.pdf
https://www.dahrendorf-forum.eu/publications/coming-to-terms-with-an-ageing-europe/
http://dx.doi.org/10.1007/978-981-13-1417-9
http://dx.doi.org/10.2765/286359
http://dx.doi.org/10.2863/26932
http://dx.doi.org/10.1068/a44381
http://dx.doi.org/10.4067/S0250-71612015000100011
http://dx.doi.org/10.7366/1509499547405
http://dx.doi.org/10.1111/j.1435-5597.1960.tb01705.x
http://dx.doi.org/10.1111/j.1468-2257.1988.tb00465.x
http://dx.doi.org/10.2307/143141
http://dx.doi.org/10.1111/j.1468-2257.2004.00258.x
http://dx.doi.org/10.1016/j.jeconom.2017.05.021


Sustainability 2019, 11, 5661 20 of 21

27. Getis, A.; Aldstadt, J. Constructing the Spatial Weights Matrix Using a Local Statistic Spatial. Geogr. Anal.
2004, 36, 90–104. [CrossRef]

28. LeSage, J.; Pace, R. Introduction to Spatial Econometrics; Chapman and Hall/CRC: New York, NY, USA, 2009.
[CrossRef]

29. Wulff, J.; Ejlskov, L. Multiple Imputation by Chained Equations in Praxis: Guidelines and Review. Electron. J.
Bus. Res. Methods 2017, 15, 41–55.

30. Suchecka, J.; Urbaniak, B. Determinants of Healthy Ageing for Older People in European Countries—A
Spatio-Temporal Approach. Comp. Econ. Res. 2016, 19, 157–178. [CrossRef]

31. Sundström, G.; Fransson, E.; Malmberg, B.; Davey, A. Loneliness among older Europeans. Eur. J. Ageing
2009, 6, 267. [CrossRef]

32. Wiktorowicz, J. Age Management—A Remedy for Population Ageing? Eur. Spat. Res. Policy 2013, 20,
157–168. [CrossRef]

33. Herrera, M.; Mur, J.; Ruiz, M. A Comparison Study on Criteria to Select the Most Adequate Weighting Matrix.
Entropy 2019, 21, 160. [CrossRef]

34. Lagergren, M.; Johnell, K.; Schon, P.; Danielsson, M. Towards a postponement of activities of daily living
dependence and mobility limitations: Trends in healthy life years in old age in Sweden. Scand. J. Public
Health 2017, 45, 520–527. [CrossRef] [PubMed]

35. Royal Norwegian Ministry of Labour and Social Affairs November. UNECE National Report on Ageing
2016—NORWAY Follow-up to the Regional Implementation Strategy (RIS) of the Madrid International
Action Plan on Ageing (MIPAA). 2016. Available online: https://www.unece.org/fileadmin/DAM/pau/age/

country_rpts/2017/NOR_report.pdf (accessed on 10 July 2019).
36. UN. Norway’s Follow-up of Agenda 2030 and the Sustainable Development Goals. New York. July

2016. Available online: https://www.regjeringen.no/en/dokumenter/follow-up-sdg2/id2507259/ (accessed on
10 July 2019).

37. Modig, K.; Virtanen, S.; Ahlbom, A.; Agahi, N. Stable or improved health status in the population 65 years
and older in Stockholm, Sweden—An 8-year follow-up of self-reported health items. Scand. J. Public Health
2016, 44, 480–489. [CrossRef] [PubMed]

38. Crimmins, E.M.; Beltran-Sanchez, H. Mortality and morbidity trends: Is there compression of morbidity?
J. Gerontol. B Psychol. Sci. Soc. Sci. 2011, 66, 75–86. [CrossRef] [PubMed]

39. Institute of Public Health. Health among the elderly in Norway. Public Health Report—Health Status in Norway;
Institute of Public Health: Oslo, Norway, 2017; Available online: https://www.fhi.no/en/op/hin/groups/
health-and-ageing-in-norway/ (accessed on 10 September 2019).

40. Luxembourg Institute of Socio-Economic Research. Available online: https://www.liser.lu/ise/display_indic.
cfm?id=338 (accessed on 10 September 2019).

41. Koch, A.; Weisgerber, C. Facts about Elderly People and Long-Term Care in Luxembourg. Available online:
https://ec.europa.eu/social/BlobServlet?docId=8228&langId=en (accessed on 10 September 2019).

42. Luxembourg Institute of Socio-Economic Research. Urban Development and Mobility. Available online:
https://www.liser.lu/?type=module&id=104&tmp=4322 (accessed on 10 September 2019).

43. OECD; European Observatory on Health Systems and Policies. State of Health in the EU; Luxembourg. Country
Health Profile 2017; Paris/European Observatory on Health Systems and Policies: Brussels, Belgium, 2017;
Available online: http://www.euro.who.int/__data/assets/pdf_file/0011/355988/Health-Profile-Luxembourg-
Eng.pdf?ua=1 (accessed on 10 September 2019).

44. Formosa, M. Population Trends and Ageing Policy in Malta. Soc. Sci. 2013, 2, 90–96. [CrossRef]
45. Decelis, A.A. A Critical Review of Malta’s Rising Ageing Population. Available online: https://timesofmalta.

com/articles/view/A-critical-review-of-Malta-s-rising-ageing-population.487857 (accessed on 10 September
2019).

46. Jurek, K.; Dobrowolska, B. Older people, ageing and old age in the light of some public opinion surveys in
Poland. Rocznik Nauk Społecznych 2017, 9, 7–25. [CrossRef]
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