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Abstract: The aim of this study was to identify determinants of the population ageing process in
270 European cities. We analyzed the proportion of older people: men and women separately
(aged 65 or above) in city populations in the years 1990–2018. To understand territorially-varied
relationships and to increase the explained variability of phenomena, an explanatory spatial data
analysis (ESDA) and geographically weighted regression (GWR) were applied. We used ArcGIS and
GeoDa software in this study. In our research, we also took into account the spatial interactions as well
as the structure of cities by size and level of economic development. Results of the analysis helped to
explain why some urban areas are ageing faster than others. An initial data analysis indicated that
the proportion of the elderly in the population was spatially diversified and dependent on gender,
as well as the size and economic development of a unit. In general, elderly individuals were more
willing to live in larger and highly developed cities; however, women tended to live in large areas
and men in medium-sized to large urban areas. Then, we conducted the urban ageing modelling for
men and women separately. The application of GWR models enabled not only the specification of
the city population ageing determinants, but also the analysis of the variability in the strength and
direction of dependencies occurring between the examined variables in individual cities. Significant
differences were noted in the analysis results for specific cities, which were often grouped due to
similar parameter values, forming clusters that divided Europe into the eastern and western parts.
Moreover, substantial differences in results were obtained for women and men.
Keywords: urban ageing of men and women; European cities; regional heterogeneity and spatial
interactions; socioeconomic determinants; geographically weighted regression; ESDA tools

1. Introduction
Population ageing and urbanization are major global trends shaping the world today and will
shape the decades to come. More than 54% of people live in cities and this percentage will rise to 66%
by 2050 [1]. The world’s urban population is also ageing rapidly. The WHO defines an ageing society
as a society where the proportion of people in post-working age (aged 65 years or more) exceeds
7% of the total population [2]. The seniors’ population in European and Asian cities is the fastest
growing population in the world [3]. The proportion of urban inhabitants aged 65 or above in the total
population increased in Europe from 6% in 1990 to 12% in 2018, while the number of elderly Asians
rose from 3% to 11% [4]. The literature indicates that long-term downtrends in fertility [5], longer life
expectancies [6], a higher standard of living [7], lower birth rates [8], a higher level of education,
migration [9] and environmental protection [10] are the main reasons for the constantly accelerating
population ageing process.
The ageing trend is not uniform across countries or across all areas of rural and urban
communities [11–16]. Hence, as the older population are expected to fully participate in an ageing
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and urbanizing society, the process of urban ageing has a number of implications for public and
private spending on pensions, healthcare, education, economic growth and welfare [17]. By making
cities and human settlements safe and resilient for the elderly, governments have been raising the
issue of international development strategies. The Agenda 2030, Sustainable Development Goals,
World Humanitarian Summit, Policy of Healthy Ageing in Cities, and the New Urban Agenda are
programs united in calling for inclusive and sustainable urbanization [1].
Men and women both experience urban ageing and many of the same diseases or conditions,
but the ways they face them differ in terms of the rates, trends, and disease types or subtypes.
Many disparities result from actual physiological differences, thus a full understanding of ageing
(and health) demands a perspective that accounts for gender disparities beyond those in the body.
For example, cardiovascular disease (CVD) is the primary cause of mortality among the elderly of
both sexes in most countries worldwide [2]. However, in many cities, particularly in low and lower
middle-income countries, CVD is regarded as a “male disease” and thus is significantly underdiagnosed
in women, creating a disparity in avoidable lives lost [18]. Further, although women tend to live longer
than men, socioeconomic factors in many cultures and environments result in a lower quality of life for
women as they age. Another varying factor is that men are more likely than women to delay or avoid
seeking medical help, resulting in worse outcomes when men do develop treatable health problems.
Older men who become widowers also tend to be more socially isolated than women, a risk factor for
poorer health and mortality; conversely for widows, some specific cultural practices such as exclusion
make it more likely that older widowed women will experience financial hardship or even violence
or abuse [19]. Such differences between women and men, and many other differing circumstances
and gender-specific problems, should be accounted for. This assertion is strongly supported by the
Department of Ageing and Life Course (ALC), who urge that a gender analysis must be applied to any
issue under discussion [2].
The issue of challenges, opportunities and the impact of the urban population ageing on cities’
socioeconomic development has been widely discussed in the literature. Many researchers have
studied the effectiveness of age-friendly urban policies as a way to foster the development of the
active ageing community [20–25]. Recent scientific publications recognize and clarify the importance
of accessibility, mobility and visibility of older people in civic spaces [26–31]. Many authors also
characterize the potential of ageing populations and identify their important role in the future silver city
economies [32–34]. Some studies focus on the healthy and active ageing of older residents and verify the
relationship between the way older people maintain the continuity of their activities and independence,
within the limits of their personal resources, and the changing urban environment [3,35–37]. Finally,
some studies examine the spatiotemporal trend changes in older urban population data [25,38–44].
However, analyses dealing with reasons for the ageing process in cites have been rather limited to
date. Only a few studies concentrated on, e.g., factors associated with the successful ageing of the
socially-active elderly in the metropolitan regions of China [16], Brazil [45] Finland and Spain [46],
Poland [47], Germany [39], Slovenia, Lithuania and the UK [48]. There is still a lack of comprehensive
European studies exploring the mechanism of the process, and that take into account the influence
of particular characteristics that may vary across cities. Within the regions and cities, the population
ageing is territorially divergent and strongly connected with local determinants of the process.
This transforms into the need to adjust urban policies and urban planning based on local old age
conditions. The European Grouping on Territorial Cooperation in the ACPA (Adapting European
Cities to Population Ageing: Policy Challenges and Best Practices) highlights that the older population
is growing faster in urban areas than in rural areas [49]. This means that the regions will have to face a
number of specific social and economic challenges due to population ageing. In sum, the population
ageing process in urban areas does not require “one-size-fits-all” solutions that are not effective when
taking into account the urban ageing process. In-depth case empirical investigations are useful to draft
a “practical guide” with policy recommendations that can enable the transferability of the outcomes
among cities, as well as target actors and policy-makers in stakeholder cities and at national levels.
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The main purpose of the research was to identify determinants of the population ageing process
in the selected 270 European cities. We analyzed the proportion of older people: men and women
(aged 65 or above) in the population of the cities in the years 1990–2018. We applied geographically
weighted regression (GWR) and explanatory spatial data analysis methods to control and understand
the territorially-varied relationships between urban ageing and selected factors. In a preliminary data
analysis, we suggested over 30 determinants that could affect population ageing in urban areas of
Europe. This study also took into account spatial interactions as well as the city structure by size and
economic development level. The use of the GWR model enabled the specification of population
ageing determinants in European cities. Additionally, it allowed us to analyze the variability in
the strength and direction of dependencies occurring between the analyzed variables in individual
cities. Performing the analyses separately for men and women enabled the identification of gender
differences. The analyses were carried out on the basis of statistical data obtained from Eurostat,
the WHO (World Health Organization), OECD (the Organization for Economic Co-operation and
Development), World Bank and National Statistical Offices. This research was a continuation of the
analysis that examined the dynamics of the population ageing process in Europe [44].
We contributed to the literature in several ways. By using a geographically weighted regression,
we searched for urban ageing determinants (for women and men separately), which, with varying force
and in varying directions, affected the studied variable in Europe. Moreover, we performed a robustness
analysis from temporal, spatial and other perspectives. We considered the long-term dynamic trajectory
of ageing in metropolitan areas (1990–2018), the size of the cities and the spatial neighboring effects
on the phenomena among urban areas. Finally, we examined the impact of a wide range of possible
determinants (from economic and demographic through environmental, touristic and educational,
up to cultural and medical factors) that decelerated or accelerated the phenomenon of ageing, not only
in a studied unit but also in neighboring cities during the study period. The findings indicate that
geographical differences should be considered when investigating the empirical relationships between
the selected factors and European ageing of men and women. In sum, a study adopting such a broad
approach has never been carried out before, but should be relevant as it makes urban ageing trends
fairly predictable in a practical way, which may allow cities to prepare for changes.
The study consists of five parts. Section 2 presents a databank used in the study as well as the
results of a preliminary analysis applying exploratory spatial data statistics and a GIS (Geographic
Information System). Section 3 describes the method applied in the main part of the study—the
geographically weighted regression. Section 4 shows and discusses the outcomes of urban population
ageing modelling in European cities. The last section provides further directions for research and
general conclusions, and indicates some policy recommendations based on the results.
2. Data Analysis
2.1. Urban Population Ageing Data
We carried out this multidimensional study of the urban ageing process in Europe, based on
the statistical data obtained from Eurostat, on the proportion of the population on the 1st of January
(65 years and over) in the total population (in %) in several cross-sections:
•

•
•

by gender: as a proportion of the female population on the 1st of January (65 years and over)
in the total female population and the proportion of the male population on the 1st of January
(65 years and over) in the total male population (both variables in %);
by size of the city: below 100,000 inhabitants, between 100,000 and 250,000, between 250,000 and
500,000, between 500,000 and 1,000,000, and above 1,000,000 people [50];
by the level of economic development: lower-middle income, upper-middle income, and highincome units [51].

The analysis was conducted for the years 1990–2018, and used cities from 31 European countries:
Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR), Cyprus (CY), the Czech Republic (CZ),
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Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (EL), Hungary (HU),
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
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),
(NL), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE),
the United Kingdom (UK), Lichtenstein (LI), Norway (NO), and Switzerland (CH).
the United Kingdom (UK), Lichtenstein (LI), Norway (NO), and Switzerland (CH).
The sample of selected cities was constructed, maintaining the structure of the urban areas in
The sample of selected cities was constructed, maintaining the structure of the urban areas in
Europe [52]. We gained comparable data for 270 cities (35% of all European units). The sample in
Europe [52]. We gained comparable data for 270 cities (35% of all European units). The sample in its
its structure was characterized by representativeness according to the analyzed population of urban
structure was characterized by representativeness according to the analyzed population of urban
settings, Figure 1.
settings, Figure 1.
City size by number of inhabitants

City level of development by income value of inhabitants

4%
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20%
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Figure 1. Structure of the analyzed selected European cities.
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Table 1. Statistics of the population of older people (aged 65 or above) data by gender, size of city and
level of economic development (average over years 1990–2018).
Men
ANOVA
Kruskal-Wallis

Mean

Median

CV

Min

Max

Total

13.1

12.9

21%

7.7

20.1

<100,000 inhabitants
100,000–250,000
250,000–500,000
500,000–1,000,000
>1,000,000 people

14.2
15.0
14.4
11.7
12.4

14.2
14.7
13.8
11.1
12.8

14%
18%
27%
20%
12%

10.7
8.8
8.2
7.9
9.2

19.0
22.9
23.3
18.3
14.5

71.21 ***

Lower–middle income
Upper–middle income
High income

13.5
15.2
13.9

13.7
15.3
13.1

7%
14%
23%

12.3
8.8
7.9

14.9
19.0
23.3

29.63 ***

ANOVA
Kruskal-Wallis

Women
Mean

Median

CV

Min

Max

Total

18.1

18.2

22%

10.0

27.3

<100,000 inhabitants
100,000–250,000
250,000–500,000
500,000–1,000,000
>1,000,000 people

20.0
19.1
18.5
19.8
20.0

19.0
19.0
18.1
18.4
20.3

13%
17%
21%
25%
10%

12.4
13.1
12.7
10.3
12.5

26.1
29.5
29.4
30.6
31.5

Lower–middle income
Upper–middle income
High income

19.0
20.1
19.1

19.2
18.9
19.5

6%
13%
22%

16.7
12.4
10.3

20.1
26.1
31.5

2.15

1.71

Men versus women
Mean

Median

CV

Min

Max

Mann–Whitney U

Total

15.0

15.1

34%

5.5

23.5

13,250 ***

<100,000 inhabitants
100,000–250,000
250,000–500,000
500,000–1,000,000
>1,000,000 people

16.1
17.0
16.9
17.0
16.9

16.3
16.6
16.8
15.8
17.3

22%
23%
17%
21%
17%

11.0
9.2
12.0
10.6
12.5

26.3
27.5
24.3
26.0
21.2

191 ***
2893 ***
591 ***
212 ***
58 ***

Lower–middle income
Upper–middle income
High income

16.1
16.7
17.0

15.5
17.0
16.5

16%
18%
22%

13.1
10.5
9.2

20.4
24.0
27.5

17 ***
411 ***
8383 ***

Note: n = 270 cities; CV is the coefficient of variation; significance level: α = 0.01 ***; we used non-parametric
statistics because the carried out test of normality (here the Shapiro–Wilk test) rejected the null hypothesis for most
of the variables; we also conducted the post-hoc analysis for Kruskal–Wallis (the Dunn’s multiple comparison
test) [53]. The Dunn’s test was not statistically significant for the share of elderly women with regards to either the
city size or the economic development level; however, it confirmed the differences in the proportion of the male
population in cities of different sizes or income levels. The results are available via e-mail.

2.2. Dynamics of Urban Ageing
Over the years 1990–2018, most of the analyzed cities had ageing populations (93% of 270 units).
However, the process unfolded at different rates for men and women (those findings were previously
proved by Antczak and Lewandowaska-Gwarda [44]). The average annual pace of changes in women’s
ageing growth was 2 p.p. higher than it was in men. The highest annual growth in share for both
men and women aged 65 or above was clearly marked in cities in Spain, Italy, the UK, Ireland, Poland
and Germany (from 5% to 10%). However, the data shown on the maps indicate that men living in
cities in the Netherlands and Sweden aged faster, which, in turn, was not observed in women, whereas
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2.3. Spatial Concentration of Ageing Process
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explore the regional variation in the proportion of older people (aged 65 or above) in the population of
the European city in the analyzed time span [54].
The indices of LISA Moran I (Figure 3) show that adjacent cities tended to cluster according to the
analyzed phenomena in the years 1990–2018.
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Irrespective of the gender of the elderly person, the highest spatial concentration of urban units
(high-high clusters) with the greatest share of seniors (from 11% to 24%) occurred in Italy, France,

ISPRS Int. J. Geo-Inf. 2020, 9, 413

8 of 21

Irrespective of the gender of the elderly person, the highest spatial concentration of urban
units (high-high clusters) with the greatest share of seniors (from 11% to 24%) occurred in Italy,
France, Spain, Germany, Croatia and Malta. Distinct clusters of cities with low phenomenon values
(characterized by the proportion of individuals aged 65 or above from 4% to 10%) were situated in
Poland, Romania, Estonia, Sweden, Lithuania and Latvia (low-low LISA indices). An interesting
example is the above-mentioned cities in Poland. On the one hand, they were characterized by a small
share of the elderly in the population (as compared to the other analyzed cities), but, on the other hand,
the dynamics of the phenomenon growth in Poland in the studied period was one of the highest in
Europe (Figure 2).
The LISA results also revealed certain differences in the degree of concentration of cities with
regard to the predominance of older men and women. In Spain, France, Italy and Hungary, there were
vaster clusters of cities with a higher proportion of senior females than males (in the city population).
In turn, in Poland, the UK, Lithuania and Latvia, clusters of cities with a low proportion of males aged
65 or above were vaster than clusters of urban units with a similar share of female seniors.
The preliminary analysis showed that urban ageing is gender-specific, and the differences with
regard to elderly men and women should therefore be included in the modelling.
2.4. Potential Determinants of European Urban Ageing
As previously noted (Sections 2.1–2.3), the urban ageing process has been strongly related to
gender and city size, shows high relative regional variability (spatial non-stationary), and has many
variables that could be possible determinants of the phenomena, both within and outside individual
control. Therefore, we suggested a range of factors for the urban European male and female ageing
process defined in the literature (more in the introduction to this paper). We also took into account the
availability of urban audit statistical information in Eurostat, the WHO, OECD and National Statistical
Offices. The data were classified into ten groups and are presented in Table 2.
Table 2. Potential determinants of the proportion of elderly people (aged 65 or above) who live in
European cities.
Variable

Description

Time Span

Group

IM
CDR
CBR
IMR

Infant mortality per year
Crude death rate per 1000 inhabitants
Crude birth rate per 1000 inhabitants
Infant mortality rate per 1000 live births

1991–2018
1991–2018
1991–2018
1991–2018

Demography
Demography
Demography
Demography

AEOL
MI
DHI
VLWI
ROPST
LPH

Average area of living accommodation in m2 /person
Median disposable annual household income in EUR per capita
Average disposable annual household income in EUR per capita
Share of persons living in households with very low work intensity in %
Share of persons at risk of poverty after social transfers in %
Proportion of households that are lone-pensioner households in %

1992–2018
1991–2019
1998–2019
2008–2018
2008–2018
1991–2018

Living conditions
Living conditions
Living conditions
Living conditions
Living conditions
Living conditions

SHE
WAP3_4

Share of students in higher education in the total population (per 1000 persons)
Proportion of working age population qualified at level 3 or 4 ISCED in %
Proportion of population aged 25–64 qualified at level 5 to 8 ISCED, from 2014
onwards in %

1990–2018
1996–2018

Education
Education

1996–2018

Education

1990–2018

City size

Number of public libraries (all distribution points)
Number of cinema seats per 1000 residents
Number of available beds per 1000 residents
Total nights spent in tourist accommodation establishments per
resident population

1990–2018
1990–2018
1990–2018

Culture and tourism
Culture and tourism
Culture and tourism

1990–2018

Culture and tourism

UR
AR
PAF
PEI

Unemployment rate
Activity rate
Proportion of employment in agriculture fishery in %
Proportion of employment in industries in %

1991–2018
1996–2018
1991–2018
1991–2018

Labour market
Labour market
Labour market
Labour market

NP
FP

Nationals as a proportion of population in %
Foreigners as a proportion of population in %

1991–2018
2000–2018

Migration
Migration

EDU25_64

city
PL
CS
AB
TNS

Size of cities due to population: 2—below 100,000,
3—between 100,000–250,000, 4—between 250,000–500,000,
5—between 500,000–1,000,000, 6—above 1,000,000;
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Table 2. Cont.
Variable

Description

Time Span

Group

BIC
RC
PCRA

Length of bicycle network (dedicated cycle paths and lanes in km)
Number of registered cars per 1000 population
People killed in road accidents per 10,000 pop.

2001–2018
1991–2019
1996–2019

Transport
Transport
Transport

SUN
PM10_EXC
AACPM10
CPW
STS
GUASL
NA

Total number of hours of sunshine per day
Number of days particulate matter PM10 concentrations exceed 50 µg/m3
Annual average concentration of PM10 (µg/m3 )
Share of population connected to potable drinking water system in %
Share of population connected to sewerage treatment system in %
Share of land (in %): green urban areas and sports and leisure facilities
Share of land (in %): natural areas

1990–2018
1996–2013
1996–2013
2008–2016
2004–2016
2012–2014
2012–2014

Environment
Environment
Environment
Environment
Environment
Environment
Environment

MD_N_P

Medical doctors, nurses, midwives and physiotherapists per 1000 inhabitants

1993–2018

Health

Note: we are aware that more factors, such as self-reported data of health and urban life satisfaction, affecting the
elderly are also relevant in this analysis. However, the poor availability of urban ageing statistics determined us to
prepare a survey to obtain this information in the future.

It can be clearly seen that the panel data set (Table 2) is not complete because of the gaps in some
variables for the 1990–2018 period, with panel estimates being impossible for our dataset. We averaged
the values of all the variables. We conducted several stepwise regressions to identify the predictive
variables of the phenomena over the time span. Finally, to overcome all these problems, we estimated
the GWR function to explain the process of elderly people ageing (for men and women) in European
cities. We used ArcGIS software.
3. Methodology
Spatial data are more complicated in their structure than in their time series. Analyzed spatial
units are often heterogeneous—they are diverse in terms of their size and economic or social potential.
This is confirmed by this study, where the database consisted of both smaller towns with fewer than
100,000 inhabitants and large cities with more than 1,000,000 residents. Moreover, the cities differed
significantly in their level of economic and social development (Figure 1). The relationships modelled
in such cases are often not consistent, which causes heteroscedasticity of the random component in
OLS (ordinary least squares) regression. The literature indicates many ways of solving such problems.
One of them is to use the geographically weighted regression (GWR) model, which considers spatial
heterogeneity. This method enables the identification of the variability of regression coefficients in
the geographical space by generating a separate regression equation for each observation (for each
analyzed city in our case).
The GWR model can be expressed as follows [56]:
yi = β0 (ui , vi ) +

X

βk (ui , vi )xik + εi

(1)

where i represents the spatial unit—a city in our case, yi is the dependent variable, (ui ,vi ) is the
co-ordinate location of i, 0 is the intercept, k represents the coefficients, xik represents the independent
variables, and i is the error term.
The estimator for the model takes the form of:
h
i−1
β0 = XT W(ui , vi )X XT W(ui , vi )Y

(2)

where W(ui ,vi ) is the square matrix of weights relative to the position of (ui ,vi ) in the study area,
XT W(ui,vi)X is the geographically weighted variance–covariance matrix (the estimation requires its
inverse to be obtained) and Y is the vector of values for the dependent variable [57].
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The W(ui ,vi ) matrix contains the geographical weights in its leading diagonal and 0 in its
off-diagonal elements [58]:

 w1 (ui , vi )


0
W(ui , vi ) = 

0


0
...
0

0
0
wn (ui , vi )










(3)

where n is the number of observations (spatial units).
Each equation was calibrated using different weights of observations contained in the dataset.
According to Tobler’s first law of geography (“everything is related to everything else, but near things
are more related than distant things") [59], it is assumed that observations near one another have a
greater influence on one another’s parameter estimates than observations farther apart, which means
that the impact decreases with distance [56]. The weight assigned to each observation was based on
a distance decay function centered around observation i [60]. The choice of the spatial weighting
scheme, in particular the kernel bandwidth, is one of the most important steps of the analysis because
it actually determines the final results [56]. In this study, the adaptive type of the spatial kernel was
used to provide geographic weighting in the model due to the fact that the density of observations
varied across the study area [58]. A key coefficient in the kernel is the bandwidth, which controls the
size of the kernel. The corrected Akaike Information Criterion (ACIc) method was applied in this
study to determine the bandwidth (the bandwidth for which the statistic takes the lowest values is
considered to be optimal) as it is recommended in the literature [61].
The GWR produces not only localized parameter estimates, but also localized versions of all
standard regression diagnostics, which can be mapped. Maps generated on the basis of this information
play a key role in the interpretation of obtained results and understanding studied relationships,
in particular from the spatial perspective [60].
4. Results and Discussion
The main purpose of this research was to identify determinants of the population ageing process
in 270 European cities. Therefore, an attempt was made to build econometric models describing
the impact of selected economic, social and environmental factors (Table 2) on the proportion of
older people: men and women (aged 65 or above) in the cities’ populations in the years 1990–2018.
In the first step of the analysis, the correlation between the dependent variables and potential
determinants, which are listed in Table 2, was examined. The highest values were observed for the:
crude birth rate (CBR), crude death rate (CDR), infant mortality rate (IMR (demography)), average
area of living accommodation (AEOL), lone-pensioner households (LPH (living conditions)), city,
cinema seats (CS (culture and tourism)), foreigners as a proportion of the population (FP (migration)),
medical doctors, nurses, midwives and physiotherapists (MD_N_P) and the number of registered
cars (RC (health)). Then, various forms of functions and different sets of explanatory variables were
considered. The final version of regression was selected based on the analysis of collinearity in the
model, Akaike Information Criterion and the coefficient of determination. In order to compare the
results of the GWR model, the parameters of the global model (OLS), producing one coefficient for
each variable, were also estimated.
Global models, for both women and men, were characterized by a low coefficient of determination:
0.41 and 0.37, respectively. Although the Jarque–Bera Statistic indicated that residuals were normally
distributed, the Moran’s I statistic showed spatial autocorrelation in the OLS residuals (initially, it was
confirmed by the ESDA results, Figure 3). Moreover, the Koenker (BP) statistic indicated that the
modelled relationships were not consistent either due to nonstationarity or heteroscedasticity (Table 3).
The application of GWR models significantly improved the results. All measures indicated that
the GWRs had a markedly better fit to the empirical data. The value of AICc (Akaike Information
Criterion) for women declined from 1461.56 in the global model to 1351.97 in the GWR; for men,
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it ranged from 1325.30 to 1199.77. The value of R-squared improved as well. For women, it increased
from 0.41 in OLS to 0.66 (the average value of the adjusted local R-squared) in GWR, for men, it rose
from 0.37 to 0.66. As noted by Yu, a GWR usually produces better fitting models than a global OLS, as it
takes into account spatial heterogeneity of the relationship between the dependent and independent
variables [62]. Nevertheless, there is still a high unexplained variation, which must be addressed in
future studies. Importantly, the Moran’s I test was not statistically significant (p-value < 0.01), for both
women’s and men’s GWR. Therefore, there was no spatial autocorrelation in residuals (Table 3).
Table 3. Ordinary least squares (OLS) and geographically weighted regression (GWR) diagnostics.
Women

Diagnostics

Men

Global Regression (OLS)

GWR

Global Regression (OLS)

GWR

R-Squared

0.41

0.66

0.37

0.65

Adjusted R-Squared

0.40

0.62

0.36

0.61

AICc

1461.56

1351.97

1325.30

1199.77

Moran’s I

0.085
(0.00) *

0.008
(0.67)

0.114
(0.00) *

0.005
(0.48)

Joint Wald Statistics

247.76
(0.00) *

169.82
(0.00) *

Koenker (BP) Statistic

21.80
(0.00) *

15.62
(0.00) *

Jarque-Bera Statistics

3.65
(0.17)

0.52
(0.77)

Note: p-values are given in brackets; * statistically significant at level: α = 0.05.

In global models, variance inflation factors (VIF) did not exceed 1.35 for all variables, which meant
that there was no issue of collinearity (a VIF of five and above indicates a high correlation among
regressors that may be problematic (Table 4)) [63]. However, in GWR models, the problem of collinearity
is more complex and difficult to test. When data are spatially heterogeneous, some localities may
exhibit collinearity, while others may not. The effects of collinearity can be more pronounced with
smaller spatial samples used in each local estimation [64]. ArcMap software solves this problem and
simply does not present results when there is either global or local multicollinearity in the model.
Based on the results of the study, it can be stated that there is no issue of collinearity in estimated
models: neither global or GWR.
Table 4. Summary of OLS results.
Women
Variable

Coefficient

t-Statistic

Intercept

11.26

8.29

CBR

−0.40

−4.72

FP

0.14

LPH

Men
VIF

Coefficient

t-Statistic

VIF

7.31

6.12

1.13

−0.24

−3.63

1.13

4.12

1.24

0.08

3.10

1.32

0.46

5.68

1.18

0.24

3.70

1.22

MD_N_P

0.00059

7.60

1.06

0.00054

8.18

1.28

city

-

-

0.40

2.44

1.34

Table 4 presents preliminary OLS results. In the case of women, the parameter for the city was not
statistically significant, hence the variable was removed from the model. Generally, it can be clearly
seen that the impact of the analyzed exogenous variables was much higher for women than for men.
Nevertheless, the global model did not reflect the complexity of the studied phenomenon.
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5. Conclusions
The main purpose of the research was to identify determinants of the population ageing process
in 270 European cities in 1990–2018. The results indicate that the ageing process affected most of the
analyzed cities (93%) and was strongly related to gender and city size. However, ageing took place in
Europe at different rates for men and women. The average annual ageing rate of women was higher
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A negative correlation between the crude birth rate per 1000 inhabitants and the proportion
of older people, both men and women (aged 65 or above), in the population was observed in all
the analyzed cities. The strongest relationship occurred for women in cities forming a cluster in
Central Europe: in Germany, Denmark, eastern Norway, Sweden, north-western Poland, northern
Italy and Switzerland, whereas the weakest—for women and men—was noticed in Eastern Europe
(eastern Poland and Slovakia, Hungary, Romania, Bulgaria, Greece, Croatia and southern Italy) and
the westernmost territories: Portugal, western France, the United Kingdom and Ireland. The birth
rate is one of the most important factors affecting the structure of the population. A higher birth rate
certainly improves the demographic structure, causing the proportion of the elderly in the population
to decline, which is very important for social and economic development [65]. According to data
presented by the World Bank [66], the crude birth rate in the European Union steadily declined from
the mid-1960s to the mid-1990s (from 19.209 to 10.437), then stabilized at around 10. The average value
of the crude birth rate per 1000 inhabitants in the analyzed cities between the years 1991 and 2018 was
10.768. The highest rate was observed in Greek cities, such as Ioannina, Irakleio, Larisa, Kavala and
Athina (from 26 to 19), while the lowest was observed in Italian cities, such as Cagliari, Genove, Trieste,
Salerno and Compobasso (around 7). The average fertility rate in the European Union in the analyzed
period was 1.55 [67], which certainly did not guarantee a generational replacement or a significant
decrease in the proportion of older people in the population.
A negative correlation between foreigners as a proportion of the population and the share of
women aged 65 or above in the population was noticed in a mere 50 out of 270 analyzed cities, located in
Ireland, the United Kingdom, western France, Spain and Portugal. In the case of men, the relationship
was noticed for 96 cities, located in the Netherlands, Belgium, France, and on the Italian island, Sardinia.
The relationship indicated the desired impact of migration on the population structure. A decrease in
the share of older people in the population caused by the influx of foreigners means a rejuvenation
of the society. For men, the effect applied to a much larger area of Western Europe than for women.
Perhaps this is due to the fact that migrants are mostly young adults, and the proportion of male
immigrants in European countries is slightly higher than the proportion of females, but since the
number of men is generally lower, the effect is more pronounced in their case. A positive relationship
between these two variables was noticed in Central and Eastern Europe; the highest impact was
observed for women in cities located in the western part of the continent—starting from Norway
and Sweden, through Poland, Slovakia, Hungary, Croatia, Romania, Bulgaria up to Greece. For men,
the highest impact was observed solely in southern Poland, Slovakia and Hungary. At the same time,
the share of foreigners in the population of the analyzed cities located in Eastern Europe was much
lower than that of Western Europe. For example, it did not even exceed 1% in most Polish, Bulgarian
and Romanian cities. The reason for this dependence may be the more varied age distribution of
migrants, as in the case of refugee flows, thus the final impact on population age structures remains
equivocal and can even affect the population ageing [68].
There was a positive correlation between the proportion of lone-pensioner households and the
dependent variable in all the analyzed cities. The highest values of coefficients were observed for women
in cities located in western Poland, the Czech Republic, the eastern and western parts of Germany,
the Netherlands, Belgium, Luxembourg, Switzerland, France, Spain and southern Portugal—these
cites formed a cluster throughout Europe, from east to west. The lowest impact was observed for men
in eastern Europe, especially in cities located in Estonia, Lithuania, Latvia, eastern Poland, Slovakia,
Hungary, Croatia, Romania, Bulgaria, Greece, and central and southern Italy. The lowest values of
coefficients were also noticed in Ireland and the north of the United Kingdom. The problem of living
alone at old age affects women much more often than men. This is mainly due to the fact that women
generally live longer than men. The average life expectancy was 83.7 years for women and 78.2 years
for men in the European Union in 2018 [69]. As a result of this phenomenon, there are more women
than men in the European Union. In each analyzed city, the average proportion of women aged 65 or
above in the population was significantly higher than that of men in the years 1991–2018. The highest
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differences in favor of women were recorded in Latvia (Riga, 42%), Estonia (Tallinn, 40.5%), Lithuania
(Kaunas, 39%), Poland (Lodz, 37.7%) and Switzerland (Lausanne, 36.8%). In turn, the lowest differences
were observed in Greece (Ioannina, 9.9%; Larisa, 11.6%; Kavala, 16.4%), Cyprus (Lefkosia, 13.6%) and
Belgium (Brugge, 17.5%). Nevertheless, whether people live alone in later life largely depends on
cultural conditions and cultivated traditions in individual countries/regions. A larger scale of this
phenomenon is observed in highly developed Western European countries, which is the result of
loosening social bonds [70], which has not been widely adopted in Eastern Europe. Elderly people,
especially those who have lost their spouses, often stay with their families, which is confirmed by the
spatial diversity of parameters.
In the case of healthcare (medical doctors, nurses, midwives and physiotherapists per 1000
inhabitants), the relationship with the dependent variable was positive, but very weak for both women
and men in all the analyzed cities. Nonetheless, the highest parameter values were recorded for women
in cities located in the United Kingdom, Ireland and Norway. The lowest values, both for women and
men, were noticed in southern Germany, Switzerland, eastern France, northern and central Italy and,
additionally, in men alone, in central Poland, the Czech Republic and Austria. It is obvious that people
live longer thanks to significant advances in healthcare. In addition to the technological progress made
in medicine, access to qualified medical staff—doctors, nurses, physiotherapists, etc.—is of the utmost
importance. Professional medical care not only extends people’s lives, but also improves their quality
of life. Unfortunately, according to the World Health Organization, the number of healthcare workers
in Europe may not be sufficient to cover the future health needs of the ageing population, despite an
increase in the number of health workers in the past decade [71]. In addition, there is a large imbalance
of healthcare professionals; for example, the largest number of medical doctors, nurses, midwives and
physiotherapists per 1000 inhabitants in the analyzed period was recorded in German cities (Weimar,
Frankfurt, Schwerin, Trier and Koblenz), while the lowest was recorded in Malta (Valletta), Latvia
(Riga), Cyprus (Lefkosia), Estonia (Tallinn) and Croatia (Zagreb)—this difference is more than eightfold.
The adjustment of the healthcare and long-term care systems, which require investment not only in
medical research and new technologies, but also in qualified medical personnel, is now a big challenge
which seems to be impossible to overcome despite a consistent increase in expenditure on healthcare
in all European countries.
The last variable was statistically significant only for men. A negative correlation between the size of
cities by population and the proportion of older men (aged 65 or above) in the population was observed
in the south-eastern part of Europe—in Finland, Estonia, Latvia, Lithuania, Poland, Slovakia, Hungary,
eastern Austria and the Czech Republic. The rest of the analyzed cities were characterized by a positive
relationship between the two aforementioned variables. The highest coefficient values were noted in
cities forming a cluster in the north-western parts of Europe, mostly in Ireland, the United Kingdom,
France, the Netherlands, Belgium, Denmark and Switzerland. According to one of the Sustainable
Development Goals, set by the United Nations General Assembly in 2015—Sustainable Cities and
Communities—it is cities that give older people the chance to live longer and healthier lives. In large
and developed cities, people have greater access to medicine, social care, long-term care, all kinds
of services, shops and pharmacies, transport and communication. Living in such an environment
enables people, despite some age restrictions, to remain active and self-sufficient [7]. Of course,
the development of a senior-friendly environment requires high social awareness, high commitment
from the authorities and actions in many sectors, which demand huge financial outlays. Perhaps that
is why a positive relationship between the analyzed variables was recorded in the western part of
Europe, which is characterized by higher socio-economic developments than the eastern part.
5. Conclusions
The main purpose of the research was to identify determinants of the population ageing process
in 270 European cities in 1990–2018. The results indicate that the ageing process affected most of the
analyzed cities (93%) and was strongly related to gender and city size. However, ageing took place in
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Europe at different rates for men and women. The average annual ageing rate of women was higher
than that of men. The highest annual growth in the share of both men and women (aged 65 and above)
was clearly marked in cities in Spain, Italy, the UK, Ireland, Poland and Germany. However, men living
in cities in the Netherlands and Sweden aged faster which, in turn, was not observed for women.
On the other hand, a markedly higher annual rate of growth in the number of women aged 65 or above
than in the number of men of the same age was reported in cities in Belgium, Greece and Cyprus.
To understand the process of the urban ageing of men and women, we suggested a range of
economic, demographic, social, transport, health and environmental factors. Based on the conducted
research, it was proven that the ageing observed in European cities was highly spatially diverged.
Thus, it was not possible to carry out the analysis of determinants using the OLS model. Therefore,
the GWR approach was used, as it enabled us to analyze the variability in the strength and direction of
dependencies occurring between the analyzed variables in individual cities. Separate models were built
for women and men to show gender differences. The obtained results indicate significant differences
between them; generally, the relationships among variables were stronger for women, although the
size of cities by population turned out to be statistically significant only for men. The parameters in
the models were characterized by large spatial diversity, which highlights the variety of the variables’
impact on the population ageing (separately for women and men) in individual cities. In most cases,
similar parameter values were grouped in a geographical space forming city clusters, which were not
confined to the territories of countries, but often divided Europe into western and eastern parts.
In the first step of the regression analysis, we suggested over 30 economic, social and environmental
factors that could affect the population ageing of European cities in the years 1990–2018. Eventually,
five of them were analyzed in the models. Based on the conducted research, it can be concluded that
the decrease in the share of older people (both women and men) in the population was affected by the
growth in crude birth rates per 1000 inhabitants in all the analyzed cities, whereas the increase in the
levels of the analyzed variables was influenced by the increase in the proportion of lone-pensioner
households as well as the number of medical doctors, nurses, midwives and physiotherapists per 1000
inhabitants in all the analyzed cities. In the case of two variables—cities by population and foreigners as
a proportion of the population—both positive and negative correlations with the dependent variables
were noted for selected cities (these results divided Europe into western and eastern parts). Therefore,
it was proven that, e.g., international mobility could contribute to the process of population rejuvenation
or ageing.
The urban ageing observed in Europe is a fact, however, in different European regions it takes
on a different pace. This diversity is the result of local determinants or case-specific barriers to
development. Therefore, there is no single universal concept of urban growth which could explain
the ageing process in a given city. It is certain that diagnosing the reasons for ageing lies within the
competence of local communities. Even though the objectives of ageing policies are created at national
levels, many decisions should be made at a local municipal stage by local representatives, who know
best the specific situation in their city. Hence, the results of this research may be relevant to institutional
policy-makers and local self-governments that make efforts to search for solutions tailored to the
challenges of the demographic situation they are faced with and will face in the future.
We are currently dealing with the coronavirus (COVID-19) worldwide epidemic, including Europe,
where Spain, Italy, Germany, the United Kingdom and France are suffering the most. The elderly are
at a greater risk of the disease, with mortality among them being the highest. Thus, we can expect
changes in the population structure after 2019. For this reason, the continuation of research on the share
of older people in the European population at various levels of administrative division (for countries,
regions, cities), as well as the analysis of the phenomenon determinants is fully justified. Moreover,
the preparation of a survey to obtain the self-reported data will be an opportunity to enrich future
studies on urban ageing and life satisfaction of the elderly population. Finally, the analysis of the
effects of COVID-19 in that regard will be needed and of great interest.
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Resources, Karolina Lewandowska-Gwarda and Elżbieta Antczak; Data curation, Karolina Lewandowska-Gwarda
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