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ABSTRACT

The aim of this paper is to analyse demographic ageing in the regions of Slovakia and the Czech Republic using

the ageing index and to compare the convergence of demographic ageing in both countries. The convergence

of demographic ageing in the two populations was analysed using the beta convergence method.
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INTRODUCTION

Population ageing is characterised by an increase
of the proportion of older individuals and a by decrease
in the proportion of young individuals (Amado - Sio
José — Santos, 2016). It is not short-term trend but
rather involves changes that occur over a long period
of time. We consider demographic ageing the process
of transition from a progressive type of population
to a stationary type of population, or from a stationary
type of population to a regressive type of population
(Klufovd - Poldkovd, 2010). It is caused by the
extension of the life expectancy, also called population
ageing from the top, and by the decreasing birth
rate, also called population ageing from the bottom.
The state of demographic development of the
population is a result of previous economic and social
development of the society (Krajridkovd — Vojtovic, 2017).
The intensity of population ageing is significantly
influenced by demographic processes, especially the
birth rate, mortality rate, and migration. These pro-
cesses can cause unequal changes in the age structure.
An uneven age structure in the population influ-
ences the intensity of population ageing. However,

as Klapkovd, Sidlo and Sprocha (2016) note, demo-
graphic ageing is a complex process. It is often pre-
sented in a negative way, especially in regard to the
expected impact on the economic, social and health
systems. However, population ageing is closely
linked to progress.

Demographic ageing is monitored by several indi-
cators. These indicators allow us to compare changes
in the population structure. According to Koprlovd
and Koprla (2010), population ageing is significantly
reflected in the following indicators: life expectancy
at birth, the ageing index, and the economic burden
index. International comparisons of active ageing use
a more complex index - the Active Ageing Index.
The ageing index is the most widely used measure
of demographic ageing at the regional level.

The ageing index reflects the proportion of people
of post-productive age (65 and over) per 100 people
of pre-productive age (0-14). Its value is therefo-
re mainly influenced by the demographic processes
of population natality and mortality. The indicator
values are also monitored in a time series by statistical
authorities at the NUTS 3 regional level.
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Active ageing and successful ageing are ubiquitous
concepts in contemporary societies (Sdo José et al.,
2017). As population ageing leads to great changes
in the population structure, it is necessary for soci-
ety to respond to this trend in several areas of social
life. In addition to adjusting the pension system, it is
important to implement changes in services, health
care, labour markets, technologies, transport, culture,
entrepreneurial activities, etc. These changes should
be conceptual and should lead to active ageing, which
is a key paradigm for policymaking (Vidovicova -
Kafkovd Petrovd, 2016).

A policy to prepare for population ageing needs to
respond to two key challenges: integrating older people
into economic and social development and creating
an age-inclusive society. It is important to adapt
the employment policy, pension policy, and other
policies and services that are impacted by social and
demographic changes. The main principles of such
a policy include an emphasis on human rights, a lifelong
approach to ageing and health, emphasis on family
and intergenerational relationships, and the creation
of research-based measures (Ministry of Labour and
Social Affairs of the Czech Republic).

Regional demographic analysis and a subsequent
population prognosis are necessary prerequisites for
shaping any concepts of regional development (Sprocha
- Vatio - Bleha, 2014). Reducing disparities promo-
tes the economic and social development of indivi-
dual regions, so the prerequisite for this is to achieve
sustainable development across the whole country
(Habdnik - Koisovd, 2011). The existing differences
in population development and the associated dif-
ferences in the number and especially the structure
of regional populations are not only a consequence,
but also one of the main factors of the formation of
disparities in socio-economic development (Sprocha
- Vario - Bleha, 2014).

In the Slovak Republic (SR) and the Czech Repub-
lic (CR) the concept of demographic ageing has been
worked into the national programmes. In Slovakia
there is the National Active Ageing Programme for
the years 2014-2020, in which Slovakia addresses to
the issue of active ageing as a political priority in its
entire complexity (Ministry of Labour, Social Affairs
and Family of the Slovak Republic, 2013). In the CR
there is the National Action Plan Supporting Positive
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Ageing for the period 2013-2017 (Ministry of Labour
and Social Affairs of the Czech Republic, 2014), which
has been in effect since 2012.

For Slovakia and the Czech Republic it is charac-
teristic that the current development of the demo-
graphic behaviour is manifested especially by ageing
of population and ongoing problems characterised
by the drop in reproduction behaviour (Ladzianska,
2009). The share of older people is growing at the ex-
pense of the declining proportion of productive po-
pulation (Simkovd - Sixta, 2015). Moreover, for both
countries, it applies that the period of retirement is
gradually extending, but it also leads to increase of life
expectancy and time lived without significant health
restrictions. The problems of ageing will probably first
appear in countries with a high proportion of industry
and construction in the GDP. Economies with a high
proportion of services will be affected to a lesser degree
(Arltova et al., 2016). Both the Czech Republic and
Slovakia are countries with a large share of industry.

DEMOGRAPHIC AGEING IN THE SLOVAK
REPUBLIC

At the beginning of our analysis we compared the
index of ageing in the regions of the SR. Then we
compared the index of ageing in the regions of the
Czech Republic.

According to the data in the Statistical Yearbook of
Slovak Regions (Statistical Office of the Slovak Republic,
2016) the arithmetic mean of the ageing index based
on regional values in 2011-2015 in the SR has been
increasing. Its variation, expressed by the standard
deviation, has been increasing too. However, there
are significant differences in the values of the ageing
index between regions. The highest value of the ageing
index throughout the period analysed was observed
in the Trenc¢in Region. The second-highest value was
in the Nitra Region (2012-2015). The Presov Region
had the lowest ageing index value. The second-lowest
value was in the Kosice Region. The Bratislava Region
had an above-average ageing index value, and it was
also the only region in which the ageing index was
decreasing. Figure 1 shows the ageing index in the
regions of the Slovak Republic.

As demographic ageing is influenced by the rise in
life expectancy and by the birth rate, their dynamics
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Figure 1 The ageing index in the regions of Slovakia, 2011-2015 (%)
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Source: Author’s analysis based on data from the Statistical Yearbook of Slovak Regions, 2016.

has an influence on the dynamics of the ageing index.
There are significant differences in life expectancy
at birth across the SR. According to the data in Sta-
tistical Yearbook of Slovak Regions (Statistical Office
of the Slovak Republic, 2016) the highest life expectan-
cy at birth for both men and women in the period
analysed was in the Bratislava Region. This region
is characterised by the strongest economic performance.
Regional GDP per capita in this region significantly
exceeds GDPs in other regions. According to the data
in the Statistical Yearbook of Slovak Regions (Statis-
tical Office of the Slovak Republic, 2016), the second-
-highest value for men and women was in the Trencin
Region. Conversely, the lowest value of this indicator
at the beginning of the period for men and throu-
ghout the period for women was in the Kosice Region.
The Pre$ov Region had a higher life expectancy
at birth throughout the period analysed than the Ko-
$ice Region. At the end of the period analysed, the
lowest life expectancy at birth was in the Banska
Bystrica Region. In all the regions of the SR life
expectancy at birth was increasing over time.

There were regional differences also in the number
of live-born children. According to the data in the
Statistical Yearbook of Slovak Regions (Statistical Office
of the Slovak Republic, 2016), the largest number
of births per 1,000 inhabitants was in the Bratislava
Region. This is the region with the largest number
of job opportunities and, in terms of internal migra-
tion, it is also the region to which the largest number
of people of reproductive age move. This region was
followed by regions in eastern Slovakia: the PreSov
and Kosice Regions. According to the data in the
DATA cube (Statistical Office of the Slovak Republic,
2016), these are the regions with the largest number
of Roma inhabitants. The Nitra Region had the smallest
number of births per 1,000 inhabitants. It was followed
by the Tren¢in Region.

DEMOGRAPHIC AGEING IN THE CZECH
REPUBLIC

Several conclusions can be drawn from the analysis
of the ageing index in the CR. The arithmetic mean
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Figure 2 The ageing index in the regions of the Czech Republic, 2011-2015 (%)
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Source: Author’s analysis based on data from ‘A Comparison of Regions in the Czech Republic’ 2015, ‘A Comparison of Regions in the Czech
Republic’2016, and the Demographic Yearbook of Regions 2005-2014.

Table 1 Descriptive statistics of the ageing index in the regions of Slovakia and the Czech Republic, 2011-2015

N Arithmetic mean (%) Min. (%) Max. (%) St. deviation
SR 2011 8 86.71 59.94 104.31 17.3037
SR2012 8 89.19 62.19 108.03 17.3750
SR2013 8 91.94 64.47 11141 17.4066
SR2014 8 94.71 67.47 115.30 17.5286
SR 2015 8 97.78 70.12 119.55 17.9721
CR2011 14 110.49 95.93 129.70 9.2392
CR2012 14 113.72 97.44 129.20 8.4963
CR2013 14 116.50 98.78 128.30 7.8941
CR2014 14 118.68 99.56 126.38 7.5014
CR 2015 14 120.67 100.48 129.31 7.3736

Source: Author’s analysis.
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of the ageing index based on regional values increased
in the 2011-2015 period, like in the SR. However,
in contrast to the SR, the variation of the indicator,
expressed by the standard deviation, was decreasing.
In the period between 2011 and 2013, the highest
ageing index was in the Prague Region. Throughout
the period analysed the ageing index declined only in
the Prague Region. Figure 2 shows the ageing index
in the regions of the CR.

According to the Czech Statistical Office (2014,
2015a), the dynamics of the ageing index influenced
the dynamics of life expectancy at birth and the dyna-
mics of the number of births. Life expectancy at birth
increased in all the regions of the CR. Life expectan-
cy at birth was the highest for both men and women
in the Prague Region. This region also has the strongest
economic performance. GDP in this region significantly
exceeds GDP levels in the other regions. According
to the Czech Statistical Office (2014, 2015b, 2016),
the largest number of births per 1,000 inhabitants was
in the Prague Region. This region also has the largest
number of job opportunities and is the region to which
the largest numbers of people of reproductive age
move in terms of both internal and external migration.
The regions with the smallest number of births per
1,000 inhabitants included the Zlin Region and the
Moravian-Silesian Region.

A COMPARISON OF THE AGEING
INDEX IN SLOVAKIA AND THE CZECH
REPUBLIC

In 2011-2015 the ageing index was higher in the
CR than in the SR. From the above analysis it can be
concluded that the process of demographic ageing
was more dynamic in the CR than in the SR. In 2015,
all regions in the CR had an ageing index higher than
100%. In the SR, only 4 regions had ageing index
values higher than 100%. The arithmetic mean of the
ageing index based on regional values in the SR was
under 100% throughout the period; in the CR it was
over 100%.

The same trend can be identified in the capital cities
of both states: both capitals have the highest mean
life expectancy and the largest number of live-born
children per 1,000 inhabitants. At the same time, these
were the only regions in which the ageing index dec-

lined. The difference is the fact that in the SR there
were no changes in the regions with the maximum
and minimum ageing index values. In the CR, these
regions changed during the period analysed. While
in the Slovak Republic there was a slight increase in
the variation of the ageing index, expressed by the
standard deviation, in the Czech Republic there was
a significant decline. The decreasing standard deviation
in the CR may indicate that the regions have similar
ageing index values. Table 1 presents the descriptive
statistics of the ageing index in the SR and the CR.

AIM, DATA AND RESEARCH
METHODOLOGY

Demographic ageing is a process that concerns all the
regions in the SR and the CR. The effects vary accor-
ding to the dynamics of the process. The different
dynamics could result in the regions becoming more
or less alike over the period analysed. The aim of this
paper is to analyse and compare the convergence of
ageing in the regions of the SR and the CR. The
analysis focuses on the period between 2011 and 2015.
Data for the regions in the CR were obtained from the
following publications: ‘A Comparison of Regions in
the Czech Republic 2015} ‘A Comparison of Regions
in the Czech Republic 2016, “The Demographic Year-
book of Regions 2005-2014, and ‘The Demographic
Yearbook of Regions 2006-2015 Data for the regions
in the SR were obtained from “The Statistical Yearbook
of the Slovak Regions 2016’ The beta convergence
method was used in the analysis.

Demographic ageing was analysed using the ageing
index (AI), expressed as follows:

AI(%) = S0 (1)

S(0-14) =

S(65+) is the number of people in the population
aged 65 and over,
S(0-14) is the number of people in the population
aged 0 to 14 years.

BETA CONVERGENCE

The convergence of regions is understood as the
convergence of regions over a specific period of time
at the value of a certain indicator. There are several
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methods that can be used to analyse regional conver-
gence. The two basic methods are based on two con-
cepts: sigma convergence and beta convergence. Sigma
convergence is based on the assumption that when
the regions converge, the variation in the logarithm
of values expressed by their standard deviation
decreases. On the other hand, when the regions diverge,
the variation of the logarithm of values expressed by
their standard deviation increases. Beta convergence
is based on the assumption that regions converge
over a specific period of time if the regions that had
low values at the beginning of the period show faster
growth than regions that had higher values at the
beginning of the time interval. And regions diverge
when the regions that had low levels at the beginning
of the period show slower growth than regions that
had higher values at the beginning of the time interval.

To measure the beta convergence, we collected
data on values of the variable at the beginning of
the time interval (initial value) and at the end of the
time interval (Minafik - Bortwkovd - Vystr¢il, 2013).
In beta convergence, point estimates of linear re-
gression parameters are determined by the method
of least squares, where the dependent variable is the
logarithm of the average growth coefficients and the
independent variable is the logarithm of the initial
values. The average growth coefficient is expressed as
the geometric mean of the growth coefficients. From
the time series of growth coefficient k, for t = 2, 3,...,T,
which were determined from the values of the time
series y, for t =1, 2,..., T, the average growth coeflicient
will be calculated as (2)

T _ T1 -y, y y T-1/y

T S T e

If the estimated linear regression function is decli-
ning, we can talk about a predominant trend towards
convergence. If the estimated linear regression func-
tion is increasing, we can talk about a predominant
trend towards divergence. In addition to estimating
the linear regression parameters, it is important to
express also the determination coefficient of the mo-
del. The determination coefficient expresses how great
a percentage of the total variation is explained by
the model. When the values of the determination
coefficient are high, we can talk about highly pro-
ven convergence or divergence. If the tendency to-
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wards convergence or divergence is not highly proven,
the analysis should be supplemented with a correlation
diagram. The correlation diagram is a point figure
with values, like in the regression analysis. The points
in the figure are separated by lines. One goes through
the mean of the logarithm of the initial values.
The second goes through the mean of the logarithm
of the average-growth factor. Thus, all the points
(in our case representing the regions) are divided into
four groups with a below-average or above-average
value of the logarithm of initial values and with a be-
low-average or above-average value of the logarithm
of the average-growth coeflicient (Minafik - Boriiv-
kova - Vystrcil, 2013).

In this analysis, I decided to use beta convergence
because if beta convergence is met, sigma convergence
is met as well. However, if there is sigma convergence,
there need not necessarily be beta convergence.

RESEARCH RESULTS AND DISCUSSION
THE CONVERGENCE OF REGIONS
IN SLOVAKIA

For the purpose of this analysis the logarithm of the
initial values and the logarithm of the average-growth
coefficient of the ageing index in the regions of the SR
in the period analysed were calculated and the para-
meters of linear regression were estimated using the
Statistica program. The estimated regression coefficient
indicates that the regression coefficient is almost
0, so there is neither convergence nor divergence.
The determination coefficient is only 22.36%. Thus,
only 22.36% of the total variation is explained by the
model. Table 2 presents the estimated parameters
of the linear regression function.

In the next step, a correlation diagram (Figure 3)
was constructed to divide the regions into groups. The
groups of regions are shown in Table 3. The values
in the brackets indicate the region's designation
in Figure 3. The first group consists of the following
regions: Tren¢in, Nitra and Banskd Bystrica. They
have above-average initial values and an above average
growth coefficient. These regions decrease the evidence
of convergence. These regions show a tendency to
diverge from the other regions. The second group
consists of regions with below-average initial
values and above-average values of the average growth
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Table 2 Estimated parameters of the linear regression function (regions in Slovakia)

Estimated parameters

Constant 0.07452

Regression coefficient -0.0316

Source: Author’s analysis using Statistica.

Table 3 Regions by group (in Slovakia)

1. 2, 3. 4.
Trencin Region (3) Zilina Region (5) Bratislava Region (1)
Nitra Region (4) Presov Region (7) Trnava Region (2)
Banska Bystrica Region (6) Kosice Region (8)

Source: Author’s analysis.

Notes: The first group contains regions with above-average initial values and an above-average growth coefficient. The second group comprises
the regions with below-average initial values and an above-average growth coefficient. In the fourth group are the regions with above-average
initial values and a below-average growth coefficient.

Figure 3 A correlation diagram of regions in Slovakia
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coeflicient. They show a tendency to move increasingly
towards the first group, i.e., into the group of regions
that show a trend towards moving away from the
other regions. This group includes both regions in
Eastern Slovakia and the Zilina Region. In the fourth
group are regions with above-average initial values and
a below-average growth coefficient. These regions are
the ones closest to the capital of Slovakia - the Bra-
tislava Region and the Trnava Region. The trend in
these regions is towards increasing convergence with
the third group, i.e., the group of regions that tend
to lag behind the others.

THE CONVERGENCE OF REGIONS
IN THE CZECH REPUBLIC

For the purpose of this analysis the logarithm of the
initial values and the logarithm of the average growth
coeflicient of the ageing index in the CR during the
period analysed were calculated and then the parame-
ters of the linear regression expressing the dependence
of the logarithm of initial values and the logarithm
of the average growth coefficient were estimated using
the Statistica program.

The estimated regression coefficient indicates that
the linear regression function is decreasing. The de-
termination coefficient is 41.37%. This demonstrates
that there is a trend towards regional convergence
in the CR. Estimated parameters of the linear regression
function are in Table 4.

In the next step, a correlation diagram (Figure 4)
was constructed in order to divide the regions into
groups. Table 5 presents the groups of regions in the
CR. The values in the brackets represent the designa-
tion of the regions in Figure 4.

The first group contains the regions with above-
-average initial values and an above-average growth
coeflicient. There are Hradec Kralové Region, Vysocina
Region and Olomouc Region. This region reduces
the evidence of convergence. The second group

comprises the regions with below-average initial values
and an above-average growth coefficient. This group
includes the Usti nad Labem, Liberec, Karlovy
Vary, South Bohemia, Pardubice and Moravian-
-Silesian Region. They show a tendency to move
increasingly towards the first group, i.e., the
group of regions that are increasingly diverging
from the other regions. There is only one region
in the third group - Central Bohemia Region.
This region shows below-average initial values and
a below-average growth coefficient. The Central Bohemia
Region tends to lag behind the other regions.
In the fourth group are regions with above-average
initial values and a below-average growth coefficient.
These include the regions of Prague, Plzen, South
Moravian and Zlin. They show a tendency towards
increasing convergence with the third group, i.e., the
group of regions that tend to lag behind the others.
It should be noted, however, that in this group the
Zlin Region is on the border between the first and
the fourth group.

The most significant changes in the ageing index
expressed by the logarithm of the average growth
coefficient are in the Karlovy Vary Region. The Karlovy
Vary Region had relatively low initial ageing index
values. In the period analysed, however, the ageing
index increased the most (in this region).

A COMPARISON OF THE CONVERGENCE
OF REGIONS IN SLOVAKIA
AND THE CZECH REPUBLIC

The convergence analysis indicates that there is no
evidence of convergence of the ageing index in Slovakia.
The trend towards convergence is stronger in CR.
There are several factors that, in our opinion, are
responsible for the fact that the trend towards
convergence in Slovakia wasn 't demonstrated. According
to the Statistical Office of the Slovak Republic (2014), the
housing and population census in the Slovak Republic

Table 4 Estimated parameters of the linear regression function (regions in the Czech Republic)

Estimated parameters

Constant

Regression coefficient

0.2132
-0.0996

Source: Author’s analysis using Statistica.
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y=0.2132 -0.0996x

Figure 4 A correlation diagram of regions in the Czech Republic
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1.

Table 5 Regions by group (in the Czech Republic)

2,

3.

4.

Hradec Kralové Region (8)
Vysocina Region (10)

Olomouc Region (12)

South Bohemia Region (3)
Karlovy Vary Region (5)
Usti nad Labem Region (6)
Liberec Region (7)

Pardubice Region (9)

Moravian-Silesian Region (14)

Central Bohemia Region (2)

Prague Region (1)
Plzen Region (4)
South Moravian Region (11)
Zlin Region (13)

Source: Author’s analysis.

Notes: The first group contains the region with above-average initial values and an above-average growth coefficient. The second group
comprises the regions with below-average initial values and an above-average growth coefficient. In the third group are the regions with
below-average initial values and a below-average growth coefficient. In the fourth group are regions with above-average initial values
and a below-average growth coefficient.
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in 2011 indicated a large share of the population
declare themselves to be religious (only 13.4% do
not belong to any particular church/faith) and the
majority are Roman Catholics (62%). Religion
currently influences the birth rate, but to a lesser
extent than it did in the past. There are considerable
differences among the regions of the SR in the share
of people who claim to be religious. Differences
in the population structure by religion can also be
a factor behind regional differences in the birth rate.
Another important factor is the fact that according to
the Statistical Office of the Slovak Republic (2014), the
housing and population census in the Slovak Republic
indicates that 2% of the total population declared
themselves to be members of the Roma population.
The majority of Roma live in eastern Slovakia. Their
way of life may also be a factor of regional differences
in population ageing. Another fact that should not
be overlooked is the different economic levels of
individual regions. The regions in western Slovakia
in particular tend to have a stronger economic
performance than the regions in eastern Slovakia.

In Slovakia, the largest number of regions were
in the first group, i.e., in the group where the regions
tend to move away from the others, and in the second
group, where the regions exhibit a tendency towards
convergence with the first group. There was no region
in the third group. Thus, no region tends to lag behind
the others. In the CR, most regions were in the second
group. These regions tend to move into the first group.

Understanding regional differences in the state
and dynamics of the process of demographic ageing
in individual regions of both countries is important
in order to meet the goals and implement the mea-
sures of an active ageing policy. Such knowledge can
be used to determine what specific measures need to
be implemented in different regions.

CONCLUSION

As Kdcerovd and Bleha note (2007), it is important
to question whether the ageing process is irreversible
or whether there is some way to influence it. On a glo-
bal scale, in the coming decades it will definitely be an
irreversible process. A simple combination of reduced
fertility and high life expectancy will act towards ageing
at the base of the age pyramid and at the top.
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Based on our research it was possible to draw several
crucial conclusions. In both countries, the population
structure has been changing, as the ongoing process of
ageing shows. In the previous period, demographic age-
ing was more pronounced in the Czech Republic. This
was manifested by the higher ageing index values at the
beginning of the period analysed. However, in the pe-
riod analysed ageing was more dynamic in the SR. This
was manifested as a higher average growth coefficient of
the ageing index in Slovakia than in the Czech Republic.

In both countries the development and dynamics of the
ageing process differ among the regions. The only regions
in which the ageing index declined are the regions with the
capital cities. These regions have the highest life expectancy
and an above-average number of live-born children. In the
other regions, the ageing index increased. Of all the regions
in Slovakia and in the Czech Republic, the Karlovy Vary
Region had the fastest growing ageing index. Large initial
values and rapid growth of the ageing index was observed in
the Tren¢in, Nitra and Banska Bystrica Regions in Slovakia
and the Hradec Kralové Region, Vyso¢ina Region and
Olomouc Region in the CR. When active ageing measures
are being implemented in both countries, it will be important
to take into account the regional differences. In the regions
where the level and dynamics of demographic ageing are
highest, the most significant need is to create and implement
active ageing measures in different areas of social life.

This analysis confirmed that the trend towards con-
vergence in the process of demographic ageing is stronger
in the CR. In the SR, no trend towards convergence
or divergence of demographic ageing was confirmed. The
factors influencing the fact that there is no convergence
of demographic ageing in the SR are probably the
regional differences in the population structure in terms
of religion, the proportion of Roma in the population
(especially in the east of Slovakia), and regional differences
in economic performance, etc. These facts have a negative
impact on the regions' convergence process.

There are some limitations to this analysis. Population
ageing was not addressed in the broader context of changes
in life expectancy and birth rates. In further research, it
would be advisable to monitor the dynamics of changes,
i.e. the dynamics and convergence of the development
of the life expectancy and the number of live-born chi-
ldren. Nevertheless, this analysis contributes to the field
of study by extending the findings that are not part of
statistical surveys.
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