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The aim of this paper is to explore the dynamics of population in Central and Eastern Europe.
Based on the data from the online database Health Nutrition and Population Statistics of the World
Bank, cluster analysis has been performed. It is established that during the first decade of the 2 Ist
century, the development of some demographic variables is not sufficient implying the necessity of
measures to ensure a positive demographic trend, together with actions enhancing effective func-
tioning of the economies in the region. Similar dynamics of some demographic variables, especial-
ly infant and child (under 5) mortality as well as life expectancy for both males and females was
detected.
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Maprin Ipem, Muxaiino Kynuuka, Jleonin Panera
HACEJIEHHA HEHTPAJIBHOI TA CXITHOI €BPOIIN
B IUHAMIIIIL: 3A JAHMMH NEPIIIOI AEKAJIU XXI CTOJIITTA
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Introduction. In the second half of the 20th century, there has been a significant
change in dynamics of the world's population. We are currently witnessing new demo-
graphic phenomena — the growth of population aging rate, decline in fertility rates in
both developed and developing countries, a drop in the share of young population in the
total population and productive population, longer life expectancy, reduced infant and
child (under 5) mortality and total mortality as compared with previous periods etc.
Further development of demographic characteristics in the global economy are elabo-
rated in Gress (2006; 2008) and Chi and Ventura (2011). Dudas, Schonwiesner and
Ulicna (2001) review basic demographic variables. Mladek and Kacerova (2008) dealt
with the issues of population, especially aging population in Slovak Republic. Bleha
(2006) draws attention to the necessity of using the results of population projections for
the formation of state economic policy as well as other areas. Podolak (2002) elaborat-
ed on spatial aspects of fertility decline in Slovakia. All these authors, however, give
some demographic aspects and their development only for Slovakia. In this article, we
therefore decided to focus on the entire region of Central and Eastern Europe (CEE).
This region witnessed a rather tumultuous development in the demographic, econom-
ic, political and social areas in the last two decades — the change of political regimes in
individual states, fall of economies, worsening social indicators or significant change in
certain demographic characteristics. We decided to focus on the development of demo-
graphic characteristics of the countries in the CEE region in the early 21st century.

In addition to basic demographic variables used in our analysis, other variables
can have some effect on population dynamics. Belkin and Storozhenko (2010) ana-
lyzed the construction and housing and their impact on population dynamics, and
concluded that the correlation between these characteristics is important in terms of
changes in population dynamics, and construction expenditures in Russia generated
3 to 5 times more expenditures in other sectors (Belkin and Storozhenko, 2010: 78).
An important issue is the study of "population momentum", which occurs in the third
stage of demographic transition, where there is a significant population growth, and
because of this momentum, the growth of population continues in the period when
there is a decline in the fertility rate to replacement fertility rate (Blue and
Espenshade, 2011: 721). Certain recommendations regarding the development of
demographic variables at the beginning of the 21st century (which are also in line with
the conclusions of this article) can be found in Demeny (2012: 693), who comes with
controversial recommendations addressing demographic challenges, such as granting
the right to vote to children (Demeny, 2012: 698—701). Urbaniak (2014) elaborations
on economic impact of ageing population in Europe form the point of view of adopt-
ing new legislation towards the extension of working life in European countries. From
the regional on population dynamics view, de Graaff, van Oort and Florax (2012) pre-
sented an important analysis of employment dynamics in different economic sectors.
They attempted to compile a model for interaction between population and employ-
ment, and argued that population is an exogenous variable for employment and
changes in population have the greatest impact on employment in the retail sector,
education and health (de Graaff et al., 2012: 81). For national economy develop-
ment, it is important to know the population dynamics and its characteristics for
proper planning of economic policy. Trends in population development may impact
on the environment, and in turn, changes in the environment may affect the eco-

ACTUAL PROBLEMS OF ECONOMICS #6(168), 2015



270 JAEMOTPA®ISI, EKOHOMIKA MPAL{l, COL{IAJIbHA EKOHOMIKA | MOJIITUKA

nomic development of the state. Jiang and Hardee (2011) studied the impact of popu-
lation on climate change. They state that changes in population trends have a major
impact on greenhouse emissions. In future, the development of key demographic
characteristics (those discussed in the article — age structure, distribution of popula-
tion between urban and rural areas, but also, for example, structure and size of house-
holds) will play a vital role in the reduction of emissions and reducing climate changes
(Jiang and Hardee, 2011: 307). In terms of the impact of population growth on eco-
nomic growth, the work by Minh (2009) is significant. It is dedicated to the effects of
age structure on economic growth in Vietnam, pointing to the fact that during the
first decade of the 21st century, there was a significant change in demographic vari-
ables of Vietnam with the growth of workforce and reducing the dependency ratio.
Minh notes that demographic change has contributed over the last 5 years by 15% to
economic growth (Minh, 2009: 389). Senesi (2003) deals with the impact of the level
of wealth and age structure on aggregate consumption. Based on the established
model, he notes the impact of age structure and population dynamics on the life
cycle, concluding that the propensity to save should fall in economies where there is
aging population ceteris paribus (Senesi, 2003: 392).

The aim of this paper is to divide the CEE countries by their demographic cha-
racteristics to different groups with the most similar characteristics within groups and
the most dissimilaritiecs among groups and to identify population dynamics and its
changes within these groups. In addition, we try to answer the question whether in
these countries due to geographical and cultural proximity convergence or divergence
occurred in population dynamics during the analyzed period.

Methodology and data. In determining the objects of the analysis (CEE coun-
tries), we used the definition of the region by (OECD, 2007). Except the list of the
countries included in the OECD definition, we joined also the countries that form
part of the mentioned region — namely Bosnia and Herzegovina, Macedonia FYR,
Montenegro, and Serbia. As a basis for analysis, we used the variables obtained from
the online database "Health, Nutrition and Population Statistics" of the World Bank
(Health Nutrition and Population Statistics, 2014). All data for individual countries
come from the database. As the base years for the analysis, we selected years 2001,
2006 and 2011. For these years, we were able to obtain complete data for all analyzed
countries*, which allowed for sufficient analysis of population dynamics in the coun-
tries of the region in the first decade of the 21st century. In the analysis of population
dynamics in the countries of the CEE region, we applied cluster analysis. We chose
cluster analysis based on its design to group observations or variables into clusters
based upon similarities between them. The aim of the decomposition of the CEE
countries was to create several rather homogenous groups (clusters). We concentrat-
ed on joining the statistical units (countries) in each cluster that were the most simi-
lar to each other. Units in different clusters were to be, however, the most dissimilar.
Cluster analysis allowed creating several groups of the analyzed units. Individual
groups contain units with the most similar demographic characteristics (in terms of
selected variables). In the analysis, we used the Ward's clustering method. The dis-
tance between objects was expressed by the square Euclidean distance. Based on the

4 The only exception is variable "Population growth" for 2011 for Croatia, where data were not available. Therefore, we
decided to use the average annual population growth for years 2000—2010 for Croatia to fill in the missing data.
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cluster analysis, we identified 6 main clusters of the observed CEE countries with
similar characteristics within clusters and prevailing different characteristics among
them. Tables 2 and 3 show these clusters. Appendix A presents the dendrogram for
2001 as the output of the performed cluster analysis.

Individual variables for analysis were divided into 6 basic groups as shown in
Table 1. In the group "State of population”, we analyze the basic demographic vari-
ables — total population and annual population growth. The group "Age structure”
comprises 4 variables particularly important for national economy. The first two relate
to the share of unproductive population in total population. The other two directly
relate to the development of key macroeconomic indicators, particularly GDP for-
mation, the level of household consumption and income and expenditure of natio-
nal budget (the impact on direct and indirect taxes and transfer payments).

Table 1. Summary of input variables, authors’

Group Variable Unit Label
Stateof | Total population min POP_t
population | Population growth (annual) % POP|g

I — 0,
Population aged 00-14 (% of % POP_y
total)
Age Population aged 65 and above (% 0
structure | of total) % POP_o
Age dependency ratio, young % AGE| y
Age dependency ratio, old % AGE| o0
Fertilit Total fertility rate Births per woman FER |t
Y ['Adolescent fertility rate Births per 1,000 womensa46-19| FER_a
. Live births per 1,000 midyear
Crude birth rate population CBR
Natality |Crude death rate Deaths per |1,0_00 midyear CDR
and f - _pop:ou ?tlon -
. . Infants dying before reaching one .
mortality |Infant mortality rate year of age per 1,000 live births MR_i
. Probability per 1,000 that a newbari
Under 5 mortality rate baby will die before reaching age 5R/IR_u5
Life Life expectancy at birth, male Years LE_m
expectancy | Life expectancy at birth, female Years LE |f
Urban |Urban population (% of total) % URB_Pb
population | Urban population growth (annual) % URB g

The third group is "Fertility", which tracks the total fertility of women of child-
bearing age (15—49 years) and adolescent fertility (15—19 years). Total fertility is par-
ticularly important for the maintenance of population, it should reach the theoretical
minimum of 2.1 children per woman®. Adolescent fertility rate is important for
national budget. On the revenue side, the country loses on direct taxes, because young
mothers stay at home with children, on the expenditure side, there is upward pressure
on expenditures related to the provision of basic needs for children. In the group
"Natality and mortality", there are 4 variables. The first two — crude birth rate and
crude death rate are important to natural increase or decrease of population. In the

> For more information on the minimum total fertility rate see (McFalls, 2007: 5).
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analysis, we include the variables related to infant and child mortality, which may
provide information on the state of health in the analyzed countries. The penultimate
group "Life expectancy" comprises the variables on life expectancy of males and
females. The development of these variables over time is important for economies to
correctly setting the retirement age, which has impact on the expenditure side of the
national budget in the absence of pension savings in the private sector. The last group
is "Urban population”, where we analyze the total urban population as a percentage

of the total population and the growth rate of urban population.

In the second part of the article, we analyze the CEE countries grouped into
clusters based on the variables in Table 1. In the analysis, we use the following algo-
rithm steps: in the first step, we identify and analyze the composition of each cluster
created based on the data from the base year 2001. In the second step, we identify the
main differences between the clusters based on the variables included in the analysis.
During the second step, we performed two partial analyses. The first analysis aims to
identify differences between the clusters based on the variables in the selected years.
The second partial analysis focuses on the dynamics of changes over the selected peri-
od (2001—2011), concentrating on the development of individual clusters over time.
In the analysis, we gradually identify the variables’ changes over time for all clusters,

which allows for better comparison of variables’ dynamics.
Output analysis. This section analyzes the composition and dissimilarities of

clusters of the CEE countries grouped basing on the variables from Table 1. In the first
step of output analysis, we identify and analyze the structure of individual clusters. In
the second step of analysis, we identify the main differences between clusters based on
input variables. For the identification of dissimilarities among clusters, we used the
centroids of the variables for all the clusters in the selected years. Table 2 summarizes
the basic information on individual clusters; Appendix B shows cartographic inter-
pretation. Table 3 provides the summaries of the characteristics of each cluster based

on the analyzed variables.

Table 2. Summary of cluster characteristics, authors’

Cluster | Members| Percent Countries
1 1 6.25 Albania
Bosnia and Herzegovina, FYR Macedonia, Monteng
2 5 31.25 - .
Serbia, Slovakia
3 2 125 Bulgaria, Romania
4 3 18.75 | Croatia, Czech Republic, Slovenia
5 4 25 Estonia, Hungary, Latvia, Lithuania
6 1 6.25 Poland
Total 16 100

2001 served as the base year for cluster analysis. We assumed the individual clus-
ters of the CEE countries to be rather homogenous, creating clusters of geographi-
cally neighboring countries. However, the results were not in accordance with our
assumption. From the cartographical point of view (Appendix B, Table 2), one can
see that only geographically homogenous clusters are clusters 1, 3, and 6. Clusters 1
and 6 comprise only one country from the CEE region — Albania (cluster 1) and
Poland (cluster 6). Cluster 3 is composed of two neighboring countries — Bulgaria and
Romania. Clusters 2, 4, and 5 are relatively geographically homogenous with one
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country in each cluster that do not share common state border with other countries
in these clusters. Cluster 2 consists of 5 countries, mostly from the South of the region
with the exception of Slovak Republic. Cluster 4 comprises three countries with
Czech Republic not sharing the borders with other two countries from this cluster —
Croatia and Slovenia. Cluster 5 consists of 4 countries, 3 of them being the Baltic
states (Estonia, Latvia, and Lithuania). Hungary is the only member of this cluster
that does not share border with other members of this cluster. Based on the results of
the cluster analysis we point to the fact that the countries of the CEE region draw
their demographic characteristics not basing on purely geographical closeness, but
also on other factors, therefore, clusters are not geographically homogenous.

Table 3 shows clusters characteristics based on centroids. We computed centroids
of each characteristic for each cluster using the average values of available data for
each demographic characteristic. In the next step of our analysis, we identify the key
differences among clusters in each year.

Basing on the results in Table 3 we note significant differences among clusters for
selected demographic variables. For the first group of factors (State of population),
cluster 6 (Poland) with the total population of 38.25 mln exceeded the total popula-
tion of all other clusters put together by more than 6 mln. However, it did not perform
well in terms of population growth, which was positive only for clusters 2 (0.3%) and
4 (0.04). Cluster 3 witnessed the most negative population growth, -1.62%.
Concerning the group "Age structure"”, cluster 1 is the cluster with the highest share of
young population in the total population and the lowest share of old population. The
situation changed considering the dependency ratio, where young population
dependent on productive population was the lowest in cluster 4 and the highest in
cluster 1. Concerning the dependency ratio of old population, cluster 1 recorded the
lowest share and cluster 5 — the highest share. As mentioned earlier, group "Fertility",
especially for adolescent fertility, is important from the point of view of national
budget expenditures. We note that only cluster 1 had total fertility at the level suffi-
cient to maintain population, even though the growth rate of population was negative.
Total fertility for all other clusters was below the minimum replacement level with
clusters 3 and 4 being the worst at 1.24. Adolescent fertility rate was the highest in
cluster 3 (41.17) and the lowest in cluster 4 (12.27). Taking into account the group
"Natality and mortality" with 4 different demographic variables, cluster 1 (Albania)
performed the best in two of these variables — crude birth rate and crude death rate
(16.1. for CBR; 5.94 for CDR). However, for infant and child mortality the results
were the worst (22.2 for MR _i; 25 for MR_u5). On the other hand, clusters 3 and 5
recorded the lowest birth rates and the highest death rates (CDR in cluster 5 was 2.2
times higher than in cluster 1). Life expectancy for males was the highest in cluster 1
(71.7) and lowest in cluster 5 (66) with a difference of almost 6 years. On the other
hand, considering the life expectancy of females, cluster 6 recorded the highest value
of 78.4 and cluster 3 — the lowest at 75.05, which makes a difference of approx. 3.5
years. Concerning the last group of variables — "Urban population” — the lowest share
of population living in cities was in cluster 1, where less than half of the total popula-
tion lives in rural areas (42.75%). All other clusters recorded more than half of the
total population living in urban areas; cluster 5 had the highest average urban popu-
lation, 67.33%. Even though the clusters 1 and 5 performed the worst and the best
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respectively, the situation was quite different in urban population growth rate, where
cluster 1 ranked first with the annual rate of 1.82% and cluster 5 got the rate of -
0.37%. Cluster 3 witnessed the most negative rate at -1.48%.

Table 3. Cluster characteristics based on input variables,
authors’ own calculations

2001
Cluster | POP t [POP g [POP y | POP 0 | AGE Yy | AGE 0| FERt | FER a
1 3286 | -057| 29.70] 7.12] 4700 11.2f 2.14 16.05
2 3.888 | 0.30 | 20.33] 1157 2986 17.00 1.51 2300
3 15.076| -1.62| 16.64] 1523 2449 22.35 1.24 41117
4 5556 | 0.04 | 16.15| 14.75 2339  21.37 1.24 12p7
5 4347 | -048| 17.61] 1509 26.18 22.4p 1.29 2100
6 38.248| -054| 1868 1251 2715 18.18 1.31 16/02
Cluster | CBR | CDR | MRi |MR U5 | LEm | LEf | URB % | URB g
1 16.10 | 5.94 | 2220 2500 7171 77.89  42.75 1.82
2 1103 | 9.62 | 1064 1210 7071 7653  53.35 0.61
3 925 | 12.85| 1965 22.80 6805 7505 6106 -1.18
4 8.97 | 10.33| 553 650| 7174 787p  60.1B 0.08
5 905 | 13.05| 9.83| 11.95 6600 7678  67.38 -0.87
6 9.60 | 9.50 7.80 9.00| 7020 7840 6166 -0.62
2006
Cluster | POP t [POP g [POP y | POP 0 | AGE Yy | AGE 0| FERt | FER a
1 3179 | 052 | 25.75] 8.88] 39.40  13.5p 1.64 17.76
2 3.878 | -0.02| 18.40] 1271 26.76  18.48 1.42 1995
3 14.643| -0.37 | 14.32] 16.22] 2060  23.36 1.35 37)01
4 5572 | 020 | 14.80] 1574 213% 22.72 1.34 10116
5 4274 | -0.37| 1526] 16.42] 2233 24.05 1.39 191
6 38.141| -0.06| 1599 1331 2262 18.83 1.27 1481
Cluster | CBR | CDR | MRi |MR U5 | LEm | LEf | URB % | URB g
1 1328 | 5.86 | 16.70] 18.70] 7322 7956  47.91 1.81
2 10.36 | 10.36| 8.62 9.80| 7138 7697  53.83 0.02
3 990 | 1335| 1485 17.100 68.9 76.06  61.71 -0.p3
4 968 | 1021 4.30 513| 7351 8028  60.2p 0.24
5 998 | 13.43| 7.23 8.70| 66.79 7738 6774 017
6 9.80 | 9.70 6.20 720 7094 7960 6136 -0.23
2011
Cluster | POP t [POP g [POP y | POP 0 | AGE y | AGE 0| FERt | FER a
1 3.154 | -0.96 | 22.08] 1035 3267 1531 1.52 1550
2 3.839 | -0.13| 17.00] 13.200 2440 18.96 1.44 1704
3 14.367| -057 | 1422 16.79 2058  24.30 1.38 3348
4 5610 | 0.05 | 1452 16.79 21.1% 2447 1.48 9.02
5 4100 | -1.17 | 1490] 17.14 2194 2524 1.46 15]79
6 38534 0091 | 14.93] 1375 2093 19.28 1.30 12]72
Cluster | CBR | CDR | MRi |MR U5 | LEm | LEf | URB % | URB g
1 1275 | 6.24 | 1280/ 1430 7401 8022  53.38 2.13
2 10.36 | 10.67| 6.48 7.40| 7254 7796 5391 -0.20
3 9.40 | 13.25| 10.70] 12300 70.8% 78.00 62.95 -0.p6
4 10.17 | 10.30| 3.23 3.93| 7517 8147 604D -0.02
5 10.05 | 12.93| 5.00 6.00] 69.78 7953  68.45 -3.08
6 10.10 | 9.70 | 4.90 580| 7260 811D  60.8p 0.83
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In the span of 5 years (2001 to 2006) there were no significant changes in the
analyzed demographic variables dynamics among the clusters. The most important
changes include the change in population growth rate, when, in 2006, only cluster 4
recorded population growth, and all other clusters recorded population decline.
Concerning total fertility, cluster 1 recorded the decline below the replacement level
from 2.14 in 2001 to 1.69 in 2006, which was still the highest total fertility of all the
clusters. We identified the last change between 2001 and 2006 in urban growth rates,
where there was a change in the highest decline from cluster 3 in 2001 to cluster 6 in
2006.

Concerning the last year of our analysis — 2011 — the greatest changes in dyna-
mics of demographic variables, compared to the previous years, were identified in
population growth rate and urban growth rate. For population growth rate, there was
a change in cluster 6, which recorded the positive rate at 0.91% in 2011, while cluster
5 recorded the lowest negative rate at -1.17%. For urban growth rate, there was a sig-
nificant change in cluster 5, the most negative rate being at -3.98% in 2011 (after -
0.17% in 2006 and -0.37% in 2001).

In the last step of the analysis, we focus on dynamics and changes in the select-
ed individual demographic variables in each cluster during the selected period. In
order to provide lucid figures, we normalized the values for each variable based on
unity-based normalization. All data values take the value from 0 to 1, with the lowest
data value being 0 and the highest being 1.

Cluster 1. Population dynamics in cluster 1 (Figure 1) shows both positive and
negative progress for the analyzed demographic variables. Based on Figure 1 we note,
that negative dynamics in population growth led to total population decrease over the
years 2001—2011. In addition, age dependency ratio of young population fell, while
age dependency ratio of the old population increased. This fact may lead to future
population aging, which is already a problem in the old EU member states and may
pose a threat for the national budget of Albania from the point of view of increased
expenditures on healthcare. Another problem with deteriorating variable is a decline
in the total fertility rate. In 2001, Albania was the country with the highest total fer-
tility rate, which was even above the replacement level at 2.14. However, during the
first decade of the 21st century total fertility rate declined to only 1.52, which, even
being the highest of all the observed clusters, is still below the replacement level.
Crude birth rate decreased, which was in line with the changes in the total fertility rate
and crude death rate slightly increased. Despite negative dynamics in total fertility
rate, other variables improved, especially infant and under-5 mortality rate, which
declined; life expectancy at birth for both males and females, which increased over
the analyzed years; and urban population as a share of total population together with
urban population growth.

Cluster 2. Dynamics of demographic variables in cluster 2 demonstrates similar
evolution of these variables as seen in cluster 1. Population growth declined in cluster
2 leading to a decline in total population. There was also a decrease of young popula-
tion and increase of old population in total population, which leads to the same con-
clusion as in cluster 1 — age dependency of young population declined over the ana-
lyzed decade and age dependency of old population increased. As in all other clus-
ters, total fertility rate declined, however, it did not reach at least the replacement
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level in any of the analyzed years. The dynamics of this variable suggests there will be
further decline in total population with increasing share of old population in both
total population and productive population. Cluster 2 witnessed the same changes in
both crude birth rate and crude death rate as cluster 1. There was a rapid improvement
in decrease of infant and child under 5 mortality rates, which were reduced almost by
50%. Life expectancy of males and females and the share of urban population in total
population also witnessed positive dynamics, even though the female life expectancy
was the lowest among all clusters, at 77.96 years in 2011.

POP_t

URB_g

URB_%

LE_f POP_o

LE_m )

AGE_y - =—2006

MR_u5 & AGE_o

MR_i

CDR

CBR
Figure 1. Population dynamics in cluster 1, authors’

Cluster 3 recorded different changes in demographic variables than the previous
two clusters. Even though there was a decline in total population of this cluster, popu-
lation growth improved. In 2001 population growth was the lowest among the clus-
ters, at -1.62%, however, it improved to -0.57% in 2011 (2006 saw the best perfor-
mance of this variable — -0.37%). Concerning the share of young and old populations
in both total population and productive population, there is a similar pattern as in
clusters 1 and 2. The share of young population declined and the share of old popu-
lation increased. There was a positive change in total fertility rate as opposed to clus-
ters 1 and 2. Even though total fertility increased, it did not reach the replacement
level (increase from 1.24 in 2001 to 1.38 in 2011 is still far below the replacement level
at 2.1). Changes similar to clusters 1 and 2 included the positive evolution of infant
and under-5 mortality rate, which decreased, and males and females life expectancy,
which increased.
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Figure 2. Population dynamics in cluster 2, authors’
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Figure 3. Population dynamics in cluster 3, authors’
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Cluster 4together with cluster 6 witnessed the growth in total population despite
the negative dynamics of population growth. On the other hand, only cluster 4
recorded population growth over the analyzed decade (from 0.04% in 2001 through
0.2% in 2006 to 0.05% in 2011). Changes in the share of young and old population in
both total and productive population are similar to all other clusters. However,
changes in total fertility rate are similar to clusters 3 and 5 with a positive dynamics.
The only negative aspect of this dynamics is, as noted for cluster 3, the increase below
the replacement level (1.48 in 2011). Dynamics in crude birth rate and in crude death
rate is different from the previous clusters. While there was an increase in the crude
birth rate, crude death rate declined. We note the same dynamics in infant and under-
5 mortality rates, males and females life expectancy, and urban population as in pre-
vious clusters. Cluster 4 performed best in mortality rates among all the clusters.
Infant mortality reached 3.23 and under-5 mortality reached 3.93 in 2011.
Concerning male and female life expectancy, in 2011 cluster 4 reached the highest

numbers for both variables, 75.17 and 81.47 years respectively.
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Figure 4. Population dynamics in cluster 4, authors’

Cluster 5. Developments in cluster 5 were in line with the developments of previ-
ous clusters with some slight changes. Concerning the total population, unlike in clus-
ter 4, there was a decline as in clusters 1—3. We note the same development in the share
of young and old population in total and productive population. Total fertility follows
the same pattern as in cluster 4, however lags behind the replacement level (1.46 in
2011). We note improvements in both crude birth rate and crude death rate followed
with the decline in infant and under-5 mortality rate. There was also positive develop-
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ment in life expectancy for both males and females. Cluster 5 reached the highest share

of urban population in total population in all analyzed years with 68.45% in 2011.
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Figure 5. Population dynamics in cluster 5, authors’
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Figure 6. Population dynamics in cluster 6, authors’
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Cluster 6 (Poland) differs from other clusters in the development of some demo-
graphic variables. Firstly, it is the cluster with the highest population of 38.53 min in
2011, which is 6 mIin more than the combined population of all other clusters.
Secondly, cluster 6 reached the highest population growth in 2011 at 0.91% (as com-
pared to population decline at -0.06% in 2006) and recorded population growth
(together with cluster 4). Thirdly, this cluster witnessed total fertility decline (similar
to clusters 1 and 2) recording the lowest fertility rate in 2006 and 2011, 1.27 and 1.30
respectively. Fourthly, cluster 6 was the only cluster to record the decline in the share
of urban population in total population (from 61.66% in 2001 to 60.89% in 2011). In
other variables, Poland showed similar dynamics to other clusters. Infant mortality
and child under 5 mortality declined while life expectancy for both males and females
and urban growth increased.

Discussion and conclusion. Table 4 summarizes the positive and negative dyna-
mics in the evolution of the analyzed variables for all 6 clusters. Based on the results
shown in Table 4 we note that all countries of the CEE region follow the same pattern
as the old EU members. There was a growing share of old population in both total pop-
ulation and productive population in the analyzed countries. We assume similar deve-
lopments in these variables in the future, which will lead to aging population in the
CEE and to growing pressure on national budgets in these countries in order to satis-
fy the needs of the growing old population. Concerning the state of population, only
clusters 4 and 6 recorded positive development in terms of total population, which
increased in both. However, we observed population growth also in cluster 3, which
recorded a decrease in total population that might have been due to emigration. Age
structure (share of young and old population in both total and productive population)
witnessed negative development in all clusters with a decreasing share of young popu-
lation and an increasing share of old population. Even though there was a positive
development in total fertility in clusters 3, 4, and 5 (i.e. an increase in the indicator
over the years 2001—2011), we note that the level of this indicator in all 6 clusters was
below the replacement level, which will negatively affect the population of the CEE in
future. Concerning crude birth and crude death rates, the evolution of these two vari-
ables was rather ambiguous. While clusters 1 and 2 witnessed negative development in
both variables (i.e. decrease in crude birth rate and increase in crude death rate), clus-
ters 4 and 5 recorded positive development (increase in birth rate and decrease in death
rate). Cluster 3 recorded positive development in crude death rate, but negative deve-
lopment in crude birth rate, while cluster 6 vice versa — positive development in crude
birth rate and negative development in crude death rate. Despite the ambiguous deve-
lopment of crude birth and death rates, there was a positive development of infant and
child mortality in all clusters with cluster 4 with the lowest values of these variables
(3.23 for infant mortality and 3.93 for child mortality in 2011) and cluster 1 with the
highest values (12.8 for infant mortality and 14.3 for child mortality in 2011). These
two clusters performed best/worst in these two variables throughout the analyzed peri-
od. We note positive development of males and females life expectancy in all 6 clusters
over the analyzed years with cluster 4 having the highest average life expectancy for
men (75.17 years) and for women (81.47) in 2011. There was an increase in the share
of urban population in total population, except cluster 6. However, the urban growth
rate decreased during the selected period with the exemption of clusters 1 and 6.
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Table 4. Variable dynamics comparison for clusters, 2001-2011, authors’

POPt | POPg | POPy | POPo | AGEy | AGEo | FER t | FER a
Cluster 1 - - - - - - - +
Cluster 2 - - - - - - - +
Cluster 3 - + - - - - + -
Cluster 4 + + - - - - + +
Cluster 5 - - - - - - + +
Cluster 6 + + - - - - - +

CBR CDR MRi | MR US| LEm LEf |URB % | URB_ g
Cluster 1 - - + + + + + +
Cluster 2 - - + + + + + -
Cluster 3 - + + + + + + -
Cluster 4 + + + + + + + -
Cluster 5 + + + + + + ¥ _
Cluster 6 + - + + + + _ ¥

Note: + positive development; - negative developtmen

As shown in Table 4, dynamics and changes in demographic variables are rather
slow during a span of one decade. Therefore, further research will be needed in order
to:

- Fully assess the dynamics of demographic variables in the CEE region and
conclude whether trends in their evolution are of permanent or interim character.

- Assess the relations and interdependence of demographic and economic vari-
ables in the analyzed countries in order to formulate such recommendations regard-
ing economic policy which will lead to improvements in demographic trends and
individual economies, improving living standards for all citizens in these countries.

We believe that our research in population dynamics in the CEE countries may
serve as a base for further studies in other world regions. Population dynamics strong-
ly influences the economies all over the world. Therefore, further research of this phe-
nomenon is required in order to appropriately address its changes and impacts on
both individual economies and on the world economy as a whole.
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Appendix A. Dendrogram for 2001, authors’
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Appendix B. Spatial distribution of clusters, authors’
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