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A New Approach to Understanding
Population Change in Central and Eastern
Europe

CSABA G. TOTH

This study introduces a novel approach to decomposing population change by identi-
fying the separate contributions of fertility, mortality, net migration, and initial age
structure using a stationary population model. The strength of this scenario-based
decomposition method lies in the additivity of the results: the contributions of these
factors, along with the interaction effect, sum to equal the total population change. In
addition, identifying the direct impact of initial age structure on population change
offers new insights into the drivers of population dynamics. Central and Eastern Eu-
rope (CEE) was one of the regions hit most by population decline between 1990 and
2020; however, it was marked by significant variation across countries. By decom-
posing population change, we found that the positive impact of the relatively young
initial age structure in the CEE region was as large as the population-reducing ef-
fect of negative net migration, while the positive impact of mortality improvement
offset one-third of the population-reducing effect of low fertility. On the other hand,
the initial age structure had a crucial role in explaining differences in country-level
population change during the study period.

Introduction

Identifying the primary drivers of population change is crucial for un-
derstanding global and regional demographic trends, especially in an era
where concurrent population growth (Cleland and Machiyama 2017; Gu,
Andreev, and Dupre 2021) and decline (Gietel-Basten 2023; Lutz 2023;
Mason and Lee 2022) pose increasingly complex challenges across various
regions of the world. Studies investigating different demographic factors
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1436 UNDERSTANDING POPULATION CHANGE IN CEE COUNTRIES

in past population change have utilized diverse methods. A common ap-
proach involves decomposing population change into the contributions of
net migration and natural change (Fihel and Okolski 2019b; Sobotka and
Fiirnkranz-Prskawetz 2020), or focusing on natural change by further
breaking it down into the effects of fertility, mortality, and age structure.
(Chaurasia 2017; Kulkarni 2021). Others have employed various retro-
spective scenarios to assess the impact of specific demographic factors
on population change (Kippen and McDonald 2000; Polizzi and Tilstra
2024) or utilized regression analyses to examine the effects of fertility and
mortality (Truskolaski and Bugowski 2022). With some differences in key
aspects, Andreev et al. (2013) used a decomposition method similar to
ours to assess the projected contributions of various demographic factors
to future population change.

The novelty of our method lies in its ability to separately identify the
roles of fertility, mortality, net migration, and age structure in population
change over a given period. The core of this approach is to apply coun-
terfactual scenarios derived from the stationary population to measure the
direct impact of different demographic factors (De Santis and Salinari 2023;
Preston and Coale 1982). This ensures that the combined effects of the dif-
ferent factors, along with the interaction effect, give the total population
change, which transfers scenario analyses into a decomposition. An advan-
tage of this scenario-based decomposition method is its ability to account
for spillover effects over time and across demographic factors in calculating
population change. Furthermore, this approach allows for identification of
the direct impact of the initial age structure on population change. Separat-
ing the role of age structure from other demographic factors is particularly
important from the policymaking point of view. Government measures and
incentives can influence fertility, mortality, and net migration—however,
difficult and controversial these efforts sometimes are (Greenhalgh 2009;
Short 2024). In addition, these factors strongly depend on current socioe-
conomic circumstances. In contrast, initial age structure can be considered
a demographic inheritance from past population history (Alho and Lassila
2023). This means it is independent of current demographic trends, and
especially of government will and actions, so the role of age structure in
population change can be considered as path dependency.

Identifying the contribution of different demographic factors to pop-
ulation change is particularly important in Central and Eastern Europe
(Deimantas et al. 2024). Firstly, this region is deeply affected by population
decline. The total population in Central and Eastern Europe (CEE), which
includes the 11 countries that joined the EU after 2000,' decreased by 8 per-
cent between 1990 and 2020 (see Figure Al in the Online Appendix). What
makes the situation special is that only 20 countries globally have faced a
population decline during this period, and six of the top 10 fastest shrinking
populations belong to the CEE region. Furthermore, the recent trend can
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also be considered unique from a historical perspective. Although through-
out history some human populations have experienced declines (Johnson
and Lichter 2019; Lundquist, Anderton, and Yaukey 2015), most of these
were short-term events driven by food shortages, disease, or conflict (LePan
2020; Lutz and Gailey 2020). In contrast, the prolonged population decline
in the CEE region, which has persisted for decades, is unprecedented, as
none of these traditional factors has played a significant role.

Second, another aspect that warrants further investigation is the
heterogeneity of population change across regions. Despite similar histor-
ical backgrounds, significant variation can be observed between countries
in terms of population change from 1990 to 2020, with decreases of 29
percent (Latvia) and increases of 5 percent (Slovenia).> Although several
excellent works (Vanhuysse 2023; Vanhuysse and Perek-Biatas 2021) have
investigated the roots and nature of the demographic changes in the CEE
region, uncertainties remain regarding the weight of different factors. The
dominant role of migration in population change compared to natural
change in recent decades has been highlighted in previous studies (Fihel
and Okodlski 2019b; Sobotka and Fiirnkranz-Prskawetz 2020). However, a
broader decomposition that separately examines the role of age structure
alongside the contributions of fertility and mortality provides a valuable
addition to academic literature.

This research presents a detailed decomposition of the CEE region’s
population dynamics from 1990 to 2020. Using a stationary population
model, we decompose country-level population change into the roles of
fertility, mortality, net migration, and age structure. In addition, we com-
pare CEE countries along the characteristics of their population dynamics.
Grouping countries by cluster analyses within the region based on their
similarities in driving forces of population change allows for a deeper un-
derstanding of the population dynamics in this region.

The paper is structured as follows: First, we introduce the methodolo-
gies employed in the study and detail the data sources. Next, we provide
a concise overview of the demographic background of surveyed countries
between 1990 and 2020. This is followed by a presentation of our primary
findings on the country-level decomposition of population change. We then
discuss the clustering of regional countries based on the characteristics of
their population dynamics. The final section offers our conclusions.

Method

Population momentum (Keyfitz 1971; Blue and Espenshade 2011) and
stable population theory (Espenshade, Bouvier, and Brian Arthur 1982;
Cerone 1987) can be used to explore the mechanisms and interrelationships
among the demographic factors influencing population change. Preston and
Stokes (2012) focused on age-specific growth rate, Edmonston (2006) em-
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1438 UNDERSTANDING POPULATION CHANGE IN CEE COUNTRIES

ployed the stationary population equivalent model, while others examined
the relationship between migration and birth (Alho 2008), or introduced
migration-adjusted replacement fertility (Parr 2021, 2023a).

Our approach is closely aligned with the work of Kippen and McDon-
ald (2000), McDonald and Hosseini-Chavoshi (2022), and Polizzi and Tilstra
(2024) in utilizing counterfactual scenarios within a standard component
model to examine the role of various demographic factors in realized pop-
ulation change.®> The novelty of our work lies in developing an analytical
framework where the direct contributions of different factors to popula-
tion change, along with the interaction effect collectively sum to the total
population change over a given period. This additivity transforms scenario
analysis into a decomposition of population change (scenario-based decom-
position), as demonstrated in the work of Chaurasia (2017) and Kulkarni
(2021), though they excluded the role of migration from their analyses. Pul-
lum and Jadhav (2021) also presented a decomposition, but their focus was
on fertility, mortality, and migration. This paper studies population change
over a given period by decomposing it into the contributions of fertility,
mortality, net migration, and the initial age structure.

We employ a cohort-component model (Bijak, Kupiszewska, and
Kupiszewski 2008; Tennessen and Syse 2023; Potan¢okova, Stonawski, and
Gailey 2021) to project the population over the surveyed period. This is a
simplified structure of the population projection:

w 2 n+t—1
Paw= 30 S B B B 4 m). ()
X

i =t

The equation represents the total population at the time ¢ + 7, denoted
as P, where ¢ is the starting time period, and # is the number of periods
over which the population change is calculated. On the right side of the
equation, P/ represents the age- and gender-specific population, where x
refers to a specific age group, w is the maximum age of people in the pop-
ulation, and j refers to sex. The first term on the right side of the equation
represents the role of fertility ( f), followed by the contributions of mortality
(m), net migration (n#m), and the initial distribution of the population across
specific age groups (c).

The core of this approach involves constructing counterfactual scenar-
ios for the four demographic factors separately, while ensuring that their
combined effect results in zero population change. In each scenario, the
factor under consideration is modified according to specific assumptions,
while all other factors are kept as observed throughout the period. It is
worth emphasizing that we use the observed age-specific ratios for fertil-
ity, mortality, and migration rather than the absolute observed numbers.
For fertility, the counterfactual scenarios (Eﬁf) assume replacement-level
fertility (Net Reproduction Rate = 1) throughout the entire period. For the
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mortality scenario (P//%'), the constant mortality rate at the level observed
at the beginning of the period is assumed. In the case of net migration, the
zero international migration scenario (P,’) is assumed.

An important aspect of our methodology is creating a counterfac-
tual scenario to assess the impact of the initial age structure on population
change. As highlighted by Murphy (2021, 215), “a population with an older
initial age structure will be relatively insensitive to changes in fertility rates
but will be sensitive to mortality changes, whereas the reverse is the case
for an initial younger low mortality population.” Therefore, it is necessary
to control for the initial population structure to isolate the effects of sub-
sequent fertility, mortality, and migration. To accomplish this, we use the
stationary age structure derived from female and male life table of the start-
ing year (Preston and Coale 1982; De Santis and Salinari 2023) to create the
counterfactual scenario (P} for measuring the impact of the age structure.
The remaining variables continue to reflect their observed values. This is the
main difference compared to the method used by Andreev et al. (2013), as
they apply a cumulative approach: each time they change a demographic
factor to its stationary version, they retain the previously adjusted factors
in their stationary form.

The stationary population model is a specific application of stable pop-
ulation theory with zero population change. It can be achieved through var-
ious combinations of demographic parameters (Espenshade, Bouvier, and
Brian Arthur 1982; Parr 2023b). However, a distinctive version exists in
which age distribution is determined by a stationary age structure derived
from survival rates. When combined with replacement-level fertility, con-
stant mortality, and zero migration, this maintains a constant population
size if applied to a population with the age structure of the life table. This is
a key aspect of our methodology, as it ensures that the combination of the
counterfactual scenarios also results in zero population change.

To decompose the total population change, we calculate the difference
between the population projected under each counterfactual scenario and
the observed population at the end of the surveyed period.

AP = (5, =PI )+ (B, = B2y + (B = BI) + (B, — PE) +2.(2)

The first term on the right side of the equation represents the contri-
bution of fertility to population change, followed by the contributions of
mortality, migration, and age structure. The final term, the residuum (¢),
accounts for the interaction effect. For instance, in a population experienc-
ing below-replacement fertility coupled with negative net migration, a neg-
ative interaction effect arises from two sources. First, the effect of below-
replacement fertility excludes the missing (emigrated) population in its cal-
culation. Second, the effect of negative migration neglects the differences
between observed fertility and replacement-level fertility. Considering the
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1440 UNDERSTANDING POPULATION CHANGE IN CEE COUNTRIES

interaction effect is necessary to maintain the mathematical consistency of
the decomposition, even though its magnitude is not significant in the con-
text of our investigation (see the section where the results are discussed).

It is worth noting that the measurement of the difterent factors aligns
with the analytical framework: for fertility, mortality, and net migration, we
use ratios to exclude the influence of changing age structure, which is mea-
sured separately as the fourth demographic factor. In addition to ensuring
additivity, the primary advantage of this method is its ability to account for
spillover effects when calculating the impact of various demographic fac-
tors on population change (Polizzi and Tilstra 2024). On the one hand, it
includes spillover effects over time, such as the impact of different fertil-
ity levels on subsequent generations. On the other hand, it incorporates
spillover effects among different factors; for example, in the case of posi-
tive net migration, the offspring of immigrants are also considered when
measuring the impact of migration on population change.

It is important to emphasize that this method is also linked to popula-
tion momentum, particularly to its measurement. When referring to Key-
fitz’s population momentum, we denote the ratio of the ultimate size of the
stationary population to the actual population. This ratio can be calculated
using Keyfitz’s formula or by a more simplified version proposed by Frauen-
thal (1975) or Kim and Schoen (1997). The added value of our approach lies
in the fact that, while their formulas provide a standardized indicator of the
relative size of the ultimate stationary population compared to the actual
population, our method calculates the impact of population momentum on
population change retrospectively for a given period.

This method is specifically designed to identify the various factors con-
tributing to changes in population size, measured from its initial level at the
beginning of a period to its subsequent level at the end. Consequently, when
applying this methodology to cross-country comparisons, it is essential to in-
terpret the results with the understanding that population changes are mea-
sured relative to each country’s starting population. This approach reflects
a combination of non-country-specific counterfactual scenarios for fertil-
ity (replacement-level fertility) and migration (zero net migration) with
country-specific counterfactual scenarios for mortality (constant observed
mortality at the beginning of the period) and age structure (derived from
the life table). Another characteristic of our method is that it disregards dif-
ferences in demographic behaviors, including fertility and mortality, among
various subgroups of the population, for example, immigrants. This is a lim-
itation that applies to most studies employing counterfactual scenarios for
population projections.*

Another common limitation of this type of decomposition approach,
as highlighted by Murphy (2021), is that changes to the base year can signif-
icantly alter the conclusions. On the one hand, it is reasonable to begin the
investigation period for Central and Eastern European countries in 1990, as
this marks the regime change, which was accompanied by significant po-
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litical, economic, and sociological transformations. On the other hand, we
conducted the decomposition with an alternative starting point, and the
results remained unchanged (see note 12).

Among the results, we present a cluster analysis based on the decom-
position of the population change in the surveyed countries. Ward’s agglom-
erative clustering is a hierarchical method that merges clusters based on the
smallest increase in within-cluster variance at each step (Ward 1963). The
method aims to minimize within-cluster variance, resulting in compact and
cohesive clusters. It is widely used due to its efficiency in forming well-
defined, homogeneous clusters, making it particularly suitable for applica-
tions in the social sciences (Murtagh and Legendre 2014).

Data

For decomposing population change, we used age- and gender-specific pop-
ulation, mortality, and fertility data for the period between 1990 and 2020
from EUROSTAT? for all countries except Croatia. Due to the lack of suitable
data for Croatia, we relied on the World Population Prospects (UN 2024).
An advantage of using EUROSTAT data for nearly all surveyed countries is
that EUROSTAT’s own methodological recommendations promote consis-
tency in population statistics over time. These guidelines encourage Mem-
ber States to revise their population time series between the 2011 and 2021
population and housing censuses. EUROSTAT'’s published tables are also up-
dated based on the latest census data. This is particularly relevant to our
analysis, as several countries—Hungary, Bulgaria, and Lithuania—revised
their population figures for this period in accordance with the most recent
census results.

Since age- and gender-specific migration data are unavailable for any
of the surveyed countries, we imputed these figures for the study period by
deriving them from official population, mortality, and fertility data. While
this method ensures internal consistency within the population data, mea-
surement errors in migration statistics remain a significant challenge in the
region (Danko et al. 2024; Godri 2018). On the one hand, we argue that
revisions based on census data improve overall data quality. On the other
hand, since the goal of this study is to decompose population change as
recorded by national statistical offices, we rely on migration estimates that
are consistent with official records.

Background to regional population change

Our research aims to present a comprehensive understanding of population
dynamics by identifying the main factors contributing to population change
over the first 30 years following the post-Soviet regime change in countries
that joined the European Union after 2000. Between 1990 and 2020, this
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1442 UNDERSTANDING POPULATION CHANGE IN CEE COUNTRIES

region’s population declined from 110.8 million to 101.8 million, a decrease
of 8.1 percent over three decades. However, there were significant ditfer-
ences in the direction and size of population change between countries (see
Table 1 and Figure Al in the Online Appendix). While six countries (Latvia,
Lithuania, Bulgaria, Romania, Estonia, and Croatia) experienced a popu-
lation decrease of between 15 percent and 30 percent, others saw a more
moderate decrease (Hungary), stagnation (Poland), or even a slight increase
(Czechia, Slovakia, and Slovenia). The population change of a country in
a given period is the combined effect of fertility, mortality, and migration
during that period, plus the initial age structure of the population. In this
section, we briefly overview these four demographic factors for the period
under investigation.

Fertility

The regime change in post-Soviet countries generated social, economic, and
cultural changes on such a scale that major demographic trends changed
significantly in just a few years. This can also be seen in the evolution of
fertility. By the 1970s and 1980s, a socioeconomic system had become en-
trenched in the region that limited people’s freedom in many areas while
strongly encouraging (early) childbearing. Early completion of schooling,
job security, easier access to housing for young married couples, full (or
close to full) employment, moderate income and wealth inequalities, and in
general relatively low levels of economic and existential insecurity all con-
tributed to relatively early family formation and the spread of the two-child
family model in the decades before the regime changes (Sobotka 2011).
This is also reflected in the evolution of the total fertility rate (TFR). In the
two decades preceding regime change, the TFR varied between 1.8 and 2.5
in most countries in the CEE region. The two exceptions were Slovenia
and Croatia, where the fertility rate decline preceded other countries and
had decreased to around 1.5-1.6 by 1990.

Within a few years of regime change, fertility fell sharply in all Central
and Eastern European countries (see Figure A2 in the Online Appendix).
The TFR for the region declined from 1.9 in 1990 to 1.2 in 2002, and did
not exceed 1.4 in any of the 11 surveyed countries in that year. This was
followed by a partial rebound, interrupted only by the Great Recession
of 2008-2010 and the subsequent European sovereign debt crisis, and by
2019, TFR had recovered to a range of 1.4-1.8. The average TFR from 1990
to 2019 in Central and Eastern Europe was 1.46, and the strong similarities
within the region are reflected by the fact that the country-level averages
of this period varied between 1.40 and 1.54. It also indicates that fertility
behavior was far below the so-called replacement level of fertility® in all
surveyed countries from 1990 to 2019.
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1444 UNDERSTANDING POPULATION CHANGE IN CEE COUNTRIES

The literature typically explains fertility trends along several dimen-
sions (Sobotka 2011; Sobotka and Prskawetz 2020). First, the economic
downturn following regime change played a significant role in the rapid
decline in fertility. The relative stability and predictability of the earlier
period quickly disappeared, and with the arrival of political freedom,
economic decline and uncertainty emerged. As part of the transformation
crisis, entire sectors almost disappeared in the region, full employment was
gone, wage inequality increased, and unemployment and inflation soared
(Kornai 1994; Kolodko 2001). Living standards deteriorated further due to
fiscal adjustments, which in many cases also affected the generous family
support system that had built up in the past.” At the same time, income
inequalities within society widened (Novokmet 2021), especially on the
basis of educational attainment. All this played a significant role in the
remarkable decline of TFR in the 1990s in Central and Eastern Europe. In
addition, deterioration in economic conditions due to the Great Recession
and the European sovereign debt crisis was also an important driver of the
temporary fertility decline in the early 2010s.

However, understanding fertility behavior merely based on the trend
of TFR is misleading in our case, as all countries in the region experienced
a significant postponement of childbearing after regime change (Frejka and
Gietel-Basten 2016). The average age at birth for women increased signifi-
cantly, from 25.5 in 1990 to 28.9 in 2011, and then rose further at a slower
pace to 29.6 until 2019. The economic difficulties and uncertainty discussed
above are only some of the factors that contributed to this delay. The ex-
pansion of education after regime change both provided protection against
labor market risks and postponed the age of marriage and family formation.
According to the theory of the second demographic transition (van de Kaa
1987), the post regime change increase in educational attainment may be
linked to values such as individual freedom, self-fulfillment, and the pursuit
of personal goals coming to the fore, and this too may have contributed to
the postponement of having children (Doblhammer and Spéder 2024; Fihel
and Okolski 2019a).

Taking into account this postponement, it can be concluded that the
significant fall and then partial recovery in fertility rates is partly due to
changes in the timing of childbearing in Central and Eastern European
countries. This is supported by the picture drawn by the tempo-adjusted
TFR (Lutz, Sobotka, and Zeman 2024) and the fact that the completed fer-
tility rate has been declining steadily (Human Fertility Database 2024) in the
countries studied over the last decades. Together, these points indicate that,
on the one hand, there has been a significant decline in fertility from 1990
to 2019 in the region. On the other hand, the dramatic decline in the fertility
rate in the first decade and a half after the regime change was fueled partly
by a shift in the timing of childbearing. Accordingly, the rebound in the sub-
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sequent period is largely the result of catching up associated with the earlier
postponement, with no significant overall improvement in actual fertility.

Mortality

While persistent below-replacement fertility led to population decline across
all countries in the region from 1990 to 2019, substantial mortality improve-
ments had the opposite effect, increasing population with moderate varia-
tion between countries (see Figure A3 in the Online Appendix). Regime
change brought the same significant changes in mortality trends in Central
and Eastern Europe, but with greater differences between countries com-
pared to fertility, particularly in terms of timing. In most of the surveyed
countries, a mortality crisis began in the mid-1960s, leading to decades of
stagnation or only modest gains in life expectancy at birth—and, in many
cases, a decline in life expectancy for men (Meslé 2004; Carlson and Hoff-
mann 2011; Meslé and Vallin 2017). This was because socialist countries
had not made strides in reducing cardiovascular mortality comparable to
those seen in Western Europe. Additionally, the burden of “man-made”
deaths—those linked to lifestyle factors like smoking, alcohol consumption,
poor nutrition, and external causes such as suicide—had grown substan-
tially (Bobak and Marmot 1996; T6th 2021).

Although substantial improvements in mortality emerged across all
surveyed countries following regime change, the timing of the shift from
mortality crises to a period of increasing life expectancy varied among them
(Scheiring, Irdam, and King 2019). Most navigated regime change without
experiencing significant mortality losses, and increases in life expectancy
began shortly afterwards in Czechia, Slovakia, Poland, Hungary, and Slove-
nia, while in Romania and Bulgaria these gains emerged somewhat later,
in the late 1990s (Cornia and Paniccia 2000; Parr, Li, and Tickle 2016). The
situation was different in the Baltic countries, where political and socioeco-
nomic transitions led to a sharp decline in life expectancy at birth by three to
four years, lasting until 1994 (Billingsley 2011; Jasilionis et al. 2011). This
was followed by a strong rebound; however, life expectancy at birth did
not return to its 1990 level until the end of the decade. In Croatia, the im-
provement in mortality was interrupted by a nearly two-year decline in life
expectancy at birth in 1991, caused by the fatalities of the Croatian War of
Independence. However, the trend resumed its upward trajectory following
that period (Bozicevi¢ et al. 2001).

Although the timing of its inception varied slightly among countries,
the subsequent period leading up to the COVID-19 pandemic was character-
ized by significant mortality reduction in most countries. This improvement
is generally associated with a reduction of infant mortality and increased life
expectancy among older adults, though some countries also experienced a
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significant decline in mortality among middle-aged individuals (Aburto and
van Raalte 2018).

In terms of cause of death, mortality related to cardiovascular diseases
has declined significantly (Zatonski, McMichael, and Powles 1998; Bandosz
etal. 2012; Fihel and Pechholdové 2017), lagging behind Western European
trends by a few decades. Additionally, there has been some improvement
in cancer mortality rates and a substantial reduction in deaths from exter-
nal causes (Wéber et al. 2023). These trends are partly attributable to the
adoption of advanced technologies and developments in former socialist
countries following regime change, which have greatly enhanced the ef-
fectiveness of health interventions and medications. Concurrently, a major
lifestyle shift has occurred, with reductions in smoking and alcohol con-
sumption alongside an increased focus on healthy eating and regular exer-
cise (Jasilionis, Meslé, and Vallin 2023; Sobotka and Fiirnkranz-Prskawetz
2020). As a result of this, life expectancy at birth in the CEE region in-
creased from 70.6 to 77.2 between 1990 and 2019. Estonia saw the great-
est improvement, with a 9.1-year increase, while Bulgaria experienced the
smallest gain, with a modest increase of 3.9 years. In all other countries,
life expectancy rose by between 5.0 and 7.8 years. Country-level variation
within the region, which is more pronounced among men, is largely driven
by differences in reducing cardiovascular mortality and decreasing the inci-
dence of deaths from external causes (Jasilionis, Meslé, and Vallin 2023).

Migration

Compared to fertility and mortality trends, since 1990 there have been even
greater differences in net migration within the region (Kahanec and Zim-
mermann 2010; Inglis, Li, and Khadria 2020). If we sum the annual number
of net migrants for each country from 1990 to 2019 and then compare this
30-year cumulative net migration to the initial 1990 population, the results
range from —18.3 percent in Lithuania to +4.5 percent in Czechia among
the 11 countries surveyed (see Figure A4 in the Online Appendix). Treating
the entire CEE region as a single geographical unit, cumulative net migra-
tion between 1990 and 2019 was —5.0 percent of the initial population,
indicating that, despite country-level differences, 5.5 million more people
left the region than arrived.

Ethno-national motivations were among the primary drivers of inter-
national migration,® especially in the first decade following regime change
in several CEE countries (Fihel and Okoélski 2019b; Fox 2003). This influ-
ence is partly reflected in the share of the foreign-born population, which
reached 4 percent across the CEE region by the end of the surveyed period,
with Estonia, Croatia, Latvia, and Slovenia notably seeing double-digit
percentages.
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As the role of ethno-national motivation gradually diminished, east-
west labor migration for employment gained prominence, boosted by the
accession of the CEE countries to the European Union (in 2004, 2007, and
2013) and the subsequent opening of foreign labor markets to workers
from the region. Higher wages, relative prosperity, higher quality of public
services, and better infrastructure in Western Europe attracted many to
take advantage of the opportunities offered by migration (Vanhuysse 2023;
Cuaresma et al. 2012). Using the aspirations-capabilities framework, Fihel
and Kaczmarczyk (2023) highlight the importance of factors such as the
lifting of labor market restrictions, strong demand in the secondary sector of
labor markets, and the influence of migration networks and the migration
industry in shaping individuals” capabilities. Among aspiration factors, they
emphasize labor market failures and the substantial aspirational gap cre-
ated by increased levels of educational attainment in migrants” countries of
origin. As a result of this, between 2005 and 2014, the number of migrants
from the “new” post-2004 EU member states residing in the 15 “old” mem-
ber states at least doubled. In some countries, however, the increase was
significantly higher—particularly in the UK, where it rose 13-fold (King and
Okolski 2019). The other main destinations were Germany, Austria, Spain,
and Italy, shaped by factors such as geographic proximity, historical ties,
and the timing of labor market liberalizations following EU enlargement,
all of which influenced migration flows (Baldz and Karasova 2017).

By 2017, the number of Central and Eastern European emigrants liv-
ing abroad had reached 13.8 million, representing 13.4 percent of the pop-
ulation in their countries of origin (World Bank 2019). Regional differences
(Kahanec and Zimmermann 2016) are reflected in the varying shares of
people from each country living abroad. This share ranged from 18 percent
to 23 percent in Croatia, Lithuania, Latvia, Bulgaria, and Romania, while,
at the lower end, it was between 6 percent and 7 percent in Hungary, Slo-
vakia, and Slovenia in 2017. These numbers also suggest that, even in coun-
tries with positive net migration, the outflow of migrants was not negligible.
However, it was balanced by inflow migration, which was partly driven by
return migration (Kahanec, Zaiceva, and Zimmermann 2010) and immigra-
tion from non-EU countries. The latter plays a significant role in the marked
shift in international migration trends during the final years of the surveyed
period. This shift was characterized by a decline in emigration, an unprece-
dented rise in inflows from non-European countries, and positive net mi-
gration in countries that had previously experienced decades of net outflow,
such as Poland, Estonia, and Lithuania (Fihel and Kaczmarczyk 2023).

Age structure

Using age-specific indicators for mortality, fertility, and net migration en-
hances comparability across populations and provides deeper insights into
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FIGURE 1 Median age in 1990 and average total fertility rate from 1960 to
1989

37

®Bulgaria
36 ®Hungary
®Croatia .
35 . ®(Czechia
§ ®[atvia L
° ia .
=y F§toma )
N Slovenia
[
&
o 33
= ®Romania
3 ®Lithuania ePoland
s 5 oland )
° .
3l Slovakia
30
1.9 2 2.1 2.2 2.3 24 2.5

Average TFR from 1960 to 1989

SOURCE: EUROSTAT, UN WPP (2024).

surveyed trends. However, since these indicators do not account for the age
distribution within a population, separately examining the age structure is
essential for accurately understanding the drivers of population change in
a given country. This means that in addition to the factors discussed previ-
ously (fertility, mortality, and migration), changes in population size over
the three decades following regime change are also influenced by the initial
age structure of each country’s population.

Taking all 11 countries into account, the median age in Central and
Eastern Europe was 33.4 years in 1990, with notable variation between
countries. The lowest median age in the region, at 31.2 years, was observed
in Slovakia in 1990, but Poland, Lithuania, and Romania were also rela-
tively young nations, with median ages below 33 years. The oldest country
was Bulgaria, with a median age of 36.5 years, though Hungary, Croatia,
and Czechia also had median ages above 35 years.

The age structure of a population at a given time is determined by the
fertility, mortality, and migration patterns of the previous period. While the
mechanisms by which these factors influence age structure are complex,
Lee and Zhou (2017, 296) emphasize that “fertility decline, particularly
to low levels, is largely responsible for past and current population aging,
regardless of mortality trends.” This is consistent with our findings, as we
identified a clear negative association (Correlation: —0.84) between the
average TFR from 1960 to 1989 and the median age in 1990 (Figure 1).
Among the surveyed countries, the median age in Bulgaria in 1990 was
higher than expected based on fertility trends from the previous period.
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This may partly be due to the fact that, on average, between the early 1970s
and mid-1980s, Bulgaria had the highest life expectancy at birth in Central
and Eastern Europe.’ In contrast, significant Russian immigration to the
Baltic countries during the communist era played a role in shaping their age
structures. A large portion of the immigrants were young adults seeking
job opportunities, which helps explain the relatively young age structure
in these countries compared to their fertility levels (Taagepera 1981).

Decomposition of population change

Population change over a given period is determined by fertility, mortality,
migration, and the initial age structure, as described in Equation (1). Isolat-
ing the effects of these demographic factors allows us to quantify the pop-
ulation change attributable to differences between the observed and coun-
terfactual scenarios for each specific factor, while holding all other factors
constant at their observed values. We present in Figure 2 the impact of var-
ious demographic factors on the percentage of the initial 1990 population,
aligning it with the analytical framework of the decomposition method.

The fertility trend in Central and Eastern Europe from 1990 to 2020
was generally similar across countries, and, except for the very early years,
it remained well below replacement-level fertility throughout most of the
period. Consequently, the impact of fertility on population change proved
to be similarly negative and significant across the region. (Figure 2). Tak-
ing Central and Eastern Europe as a single region, low fertility resulted in
a 14 percent decrease in the population by 2020. This implies that, had
fertility remained at replacement level (NRR = 1) throughout the period,
the region’s population in 2020 would have been higher than the observed
population by approximately one-seventh (15 million) of its initial size in
1990. The population-reducing effect of fertility increased in the first decade
following regime change, after which it remained relatively constant with
small variations, averaging an annual decrease of 0.5 percent of the initial
population over the surveyed period.

The most significant negative impacts were observed in Slovenia and
Slovakia, where low fertility led to a 16 percent decline in the initial popu-
lation. In contrast, the lowest impact was recorded in Lithuania, with a de-
cline of 10 percent, followed by Croatia, Estonia, and Latvia with 11 percent.
These differences are primarily driven by variations in observed fertility, re-
flecting the fact that the highest average TFRs were recorded in Lithuania,
Estonia, and Croatia. Another factor that modifies the impact of fertility is
the spillover effect. In this context, it means, for example, that countries
with more negative net migration tend to experience smaller population
reductions due to low fertility, as the fertility behavior of emigrants does
not influence the future population. Conversely, countries with positive or
modestly negative migration with a TFR around the regional average, such
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FIGURE 2 The cumulative effect of fertility, mortality, net migration, and
age structure on population change from 1990 to 2020
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as Poland, Slovakia, or Czechia (see Table 1), experienced a relatively higher
population reduction due to low fertility.

Following the end of the mortality crises in the latter half of the
20th century, Central and Eastern Europe experienced unprecedented
improvements in mortality, which had a significant impact on population
change. Assuming all other factors remained constant, the 6.6 year in-
crease in life expectancy across the region led to a 5 percent increase (5
million people) in the population by 2020, relative to the initial population
(Figure 2). Since the mortality crisis had a deteriorating effect in the Baltic
countries even during the 1990s, the impact of mortality change on the
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population in the whole region remained negligible during the first decade
following regime change. During the 2000s, the annual average impact
of mortality change on the population rose to 0.2 percent of the initial
population, further increasing to 0.3 percent in the 2010s.

However, the effect of mortality change varied significantly across the
region. The most substantial population increases attributable to mortality
improvements were observed in Czechia (+7 percent) and Slovenia (+6
percent), as these countries experienced some of the largest increases in life
expectancy between 1990 and 2020. The smallest contributions to popula-
tion increase were observed in Lithuania (4+2 percent), Bulgaria (+2 per-
cent), Latvia (+3 percent), and Romania (+3 percent). This reflects the rel-
atively modest gains in life expectancy, particularly in Bulgaria. It also re-
flects that significant negative net migration and younger population age
structures mitigated the population growth effects of similar mortality im-
provements through the spillover effect, explaining the relatively smaller
impacts in the other three countries.

One advantage of this approach is that it allows a direct compar-
ison between the population reduction caused by low fertility and the
opposing effect of mortality improvement. This is particularly important,
as public and academic debates on strategies to halt population decline
typically focus on fertility and, occasionally, migration. However, we
found that the increase in life expectancy was able to offset one-third of
the population reduction caused by low fertility in Central and Eastern
Europe between 1990 and 2020 (Figure 3). In Estonia and Czechia, this
ratio is close to 50 percent, providing evidence that improvements in
mortality—by increasing efficiency and affordability of healthcare, better
nutrition, and more active lifestyles—can significantly mitigate the impact
of other population-reducing factors, such as low fertility.

Net migration was a particularly significant factor shaping population
dynamics from 1990 to 2020. Its impact on the region’s overall population
change was —6 percent, suggesting that the population of Central and East-
ern Europe would have been 7 million larger by 2020 in the absence of
migration into and out of the region. The impact was more pronounced
during the first two decades following regime change and diminished sig-
nificantly in the later years of the survey period, as net migration turned
positive in countries like Estonia and Poland, which had previously experi-
enced substantial net migration outflows.

Migration is also one of the most significant factors contributing to
country-level variation in population change after regime change. The
largest population decline due to it was observed in Lithuania (—22 per-
cent) and Latvia (—19 percent), countries where around one-fifth of the
initial population was missing by 2020 because of net migration. Only three
countries—Czechia (45 percent), Slovenia (+5 percent), and Hungary (+3
percent)—experienced a migration inflow that exceeded outflow by 2020,
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FIGURE 3 Decomposition of population change from 1990 to 2020
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contributing to population growth in Czechia and Slovakia and moderating
the extent of population decrease in Hungary.!°

The impact of migration on population change is primarily driven by
the direct effect of net migration; however, spillover effects can cause slight
deviations in this case, too. For instance, while Hungary and Czechia experi-
enced similar totals for positive net migration, the effect of net migration on
population was larger for Czechia. This difference can be attributed to the
combined effects of the younger age structure of immigrants and the older
age structure of emigrants, both shaped by the motivations of migration.
These dynamics contributed to a higher number of children being born to
immigrants in Czechia. Alternatively, the longer the period under consid-
eration, the more emigrants and immigrants pass away, widening the gap
between cumulative annual migration since the start of the surveyed period
and its impact on the population.

One advantage of this decomposition method is that it allows the role
of initial age structure in population change to be identified separately. Re-
flecting the region’s relatively young age distribution, we found that the
initial age structure in 1990 contributed to a 6 percent increase in the pop-
ulation of Central and Eastern Europe by 2020. This means that if the age
structure in the CEE region had been identical to that of a stationary popula-
tion, 7 million fewer people would have lived there in 2020. It is worth em-
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phasizing that the positive impact of the age structure on population change
was substantial enough to fully offset the equally large negative impact of
net migration, highlighting the importance of age structure in understand-
ing population change.

In addition to the overall impact of initial age structure, its variation
plays a significant role in explaining country-level differences in population
change. The largest impacts were observed in Slovakia (412 percent) and
Poland (410 percent). Hungary was the only country with a negative im-
pact (—1 percent), and there were only small positive impacts in Latvia (+1
percent) and Bulgaria (+1 percent).!!

The impact of the initial age structure in a given country is assessed by
comparing the observed age structure with the stationary age structure in
1990. The observed age structure reflects the country’s historical patterns
of fertility, mortality, and migration, while the stationary age structure is
based solely on the prevailing mortality conditions in 1990. To understand
the cross-country variation in the differences between observed and sta-
tionary age structures, it is useful to compare the variation in both dimen-
sions. The country-level variation in median age is substantially greater for
the observed age structure compared to the stationary age structure. Con-
sequently, the impact of age structure on population change is primarily
driven by the observed age structure, mainly through the proportion of
women in reproductive ages and the share of older generations. This ex-
plains why the contribution of the initial age structure to population change
was largest in countries with the youngest age structures in 1990 (Slo-
vakia and Poland), driven in part by the relatively high TFRs between 1960
and 1990. On the other hand, the impact of age structure on population
change was moderately positive (Bulgaria and Latvia) or even slightly neg-
ative (Hungary) in countries with relatively older age structures in 1990,
reflecting the low TFR of previous decades.

However, the difference in stationary age structure, which is deter-
mined by survival ratios (Ryder 1975; Heuveline 2023; Santis and Salinari
2024), also influences the results. For instance, this explains the differences
in the impact of age structure between Slovenia (+8 percent) and Estonia
(+2 percent), despite having similar median ages in 1990 (34.0 and 34.2,
respectively). Higher survival ratios, associated with higher life expectancy,
resulted in an older stationary age structure in Slovenia, leading to a larger
gap between observed and stationary median age and a larger positive im-
pact of initial age structure on population change.

The interaction effect (residual) ranged from —3 percent to 3 percent,
fluctuating around zero. It tended to be positive in countries with small
negative or positive net migration (with some exceptions), while it was gen-
erally negative in countries with more substantial negative net migration.
This reflects the difference between the observed and stationary values of
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the various demographic factors and their relative contributions to overall
population change.

Comparing the influence of different factors on population change
at the country level reveals several key conclusions (Figure 3). Fertility
and mortality, in general, had a smaller role in explaining differences in
population dynamics. What makes a difference are migration and initial age
structure. The former has already been highlighted by Fihel and Okolski
(2019b) and Sobotka and Fiirnkranz-Prskawetz (2020), while measuring
the impact of age structure and presenting its significant contribution to
regional differences in population change, to the best of our knowledge,
expands our understanding of the topic.'?

Another key finding that underscores the role of initial age structure
in population dynamics is that, without its influence, not only the entire
CEE region but also all 11 individual countries would have experienced a
population decrease from 1990 to 2020. The largest decline would have
occurred in Lithuania (—29 percent) and Latvia (—29 percent) if the ob-
served age structure of the population in 1990 had been identical to that
of the stationary population, while the smallest decreases would have been
in Czechia (—2 percent) and Slovenia (—3 percent). Without the impact of
initial age structure, the population in Central and Eastern Europe would
have decreased by 15 percent from 110 million to 95 million between 1990
and 2020.

Regional country groupings

The decomposition of population change highlights the diverse combina-
tions of factors driving population dynamics, enabling the grouping of sur-
veyed countries based on similarities in these patterns. This categorization
offers valuable insights for selecting countries to compare with the demo-
graphic trends of a given country. Using Ward’s agglomerative clustering, we
identified groups of countries based on the patterns that shaped population
change from 1990 to 2020 (Ward 1963).

The most important factor dividing the 11 surveyed countries into two
categories is migration (Figure 4). The Baltic countries, along with Croatia,
Bulgaria, and Romania, experienced significant population loss (—12 per-
cent to —22 percent of the initial population) due to it. At the same time,
the negative impact of net migration was moderated or even positive in the
remaining five countries (—3 percent to 5 percent). However, in addition to
migration, fertility also contributes to this division. In countries with signif-
icant negative net migration, the negative impact of fertility on population
change tends to be lower (—10 percent to —14 percent), while this nega-
tive effect was larger in countries with no significant negative net migration
(—14 percent to —16 percent). Both groups can be further divided into sub-
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FIGURE 4 Cluster analysis based on the contribution of fertility, mortality,
net migration, and age structure to population change from 1990 to 2020
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groups based on similarities and differences in the role of various factors in
population change.

Among the countries without significant negative net migration, we
can form two subgroups. Group A contains Slovenia, Czechia, and Hun-
gary, with positive net migration and relatively large variation in the role
of age structure (—1 percent to 8 percent). In contrast, Slovakia and Poland
formed Group B, characterized by a larger positive impact of age structure
(10 percent to 12 percent) and a moderate but negative impact of net mi-
gration on population change.

Among the countries with significant negative net migration, we can
identify Estonia, Croatia, Bulgaria, and Romania as Group C, where the
negative impact of net migration was more moderate (—12 percent to —15
percent), compared to Group D, consisting of Latvia and Lithuania, where
the negative effect of net migration was more pronounced (—19 percent
to —22 percent). This difference played an important role, as the average
total population decline in Group C was 19 percent while in Group D it
was even larger, 26 percent, As shown in the cluster analysis (Figure 4) and
the previous graph (Figure 3), the patterns driving population change are
remarkably similar in Estonia and Croatia, as well as in Slovakia and Poland.

Conclusion

While a shrinking population increasingly affects more and more countries
around the world, there is a significant geographical concentration in this
respect. Most states that have already experienced considerable population
decline are post-Soviet countries (Coleman and Rowthorn 2011; Newsham
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and Rowe 2023); however, within this area, the population loss is also
significant in Central and Eastern Europe. Although we have limited ex-
perience with the consequences of long-lasting population decline, we can
identify several risks and opportunities linked to the process (Gietel-Basten
2023; Mason and Lee 2022). From an economic point of view, it may lead
to significant societal adjustment costs during the transition from larger
to smaller population numbers (Kiss et al. 2021; Van Dalen and Henkens
2011); it may additionally change the distribution of well-being across sub-
populations (Gal, Vanhuysse, and Vargha 2018) and accompany changes
in the geographical distribution of the population (Kéczy 2012; Deimantas
et al. 2024). On the other hand, population decline can bring economic
benefits regarding higher female labor force participation and can mitigate
human-induced climate change (Gotmark, Cafaro, and O’Sullivan 2018;
Jarzebski et al. 2021; Lutz 2023). These considerations underscore the
importance of understanding population change, particularly in regions
most affected by this issue.

The aim of our research is to present a new approach to decom-
posing population change and to apply this scenario-based decomposition
method in order to gain deeper insights into population dynamics in Cen-
tral and Eastern Europe. The decomposition relies on scenario analyses con-
ducted using the cohort-component model, with counterfactual scenarios
grounded in a stationary population. This approach enables us to identify
contributions of fertility, mortality, net migration, and initial age structure
separately to population change. Its advantage lies in the additivity of the
results: the impacts of the different factors, along with the interaction ef-
fect, sum up to the total change, transforming simple scenario analyses
into a comprehensive decomposition. In addition, this method accounts for
spillover effects, illuminating the long-term consequences of changing de-
mographic factors (such as fertility or migration) on the size and composi-
tion of future generations.

The population of Central and Eastern Europe declined by 8 percent
between 1990 and 2020, with significant country-level variation ranging
from —29 percent to +5 percent of the initial 1990 population. We found
that this population loss in the whole CEE region was driven by a 14 percent
decline due to low fertility and a 6 percent decline due to negative net mi-
gration. However, these effects were partially offset by a 5 percent improve-
ment in mortality and a 6 percent contribution from initial age structure rel-
ative to the population in 1990. This demonstrates that the positive impact
of improved mortality could offset a significant portion of the population-
reducing effect of low fertility. One of our main findings is that initial age
structure played a crucial role in population change across the entire region.
This is demonstrated by the fact that without the impact of age structure,
not only the entire CEE region but also all 11 individual countries would
have experienced a population decrease from 1990 to 2020. Using our new
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decomposition method, we demonstrated that the heterogeneity across the
CEE region is more complex than previously assumed. While migration is a
key factor explaining differences in population change, the initial age struc-
ture also plays a crucial role and must be considered for a comprehensive
understanding.

Our results provide valuable insights for public policymaking from
multiple perspectives. Many countries concerned about actual or expected
population decline focus their efforts on slowing down or even reversing
this trend, primarily by implementing a wide range of pro-natalist mea-
sures to increase fertility (Bjorklund 2006; Sobotka, Matysiak, and Brzo-
zowska 2019; Spéder, Murinkd, and Olah 2020). We highlighted that reduc-
ing mortality can significantly contribute to population growth or help miti-
gate population decline. Therefore, governmental investment in improving
the efficiency and accessibility of the healthcare system, promoting healthy
lifestyles, and strengthening mental and physical well-being not only bene-
fits individuals but also helps offset the population-reducing effects of other
factors (see Polizzi and Tilstra 2024).

While our results highlight the importance of reducing mortality in ad-
dressing population decline, they also underscore the need for policymakers
to recognize the limitations of governmental measures. The age structure
of a population is determined by historical fertility, mortality, and migra-
tion trends and can thus be regarded as a form of demographic inheritance
(Alho and Lassila 2023). Using a novel approach to decomposing population
change, we demonstrated that this demographic inheritance has a signifi-
cant impact on population dynamics. In conclusion, we showed that ex-
ogenous factors, which public policy cannot influence, play a crucial role in
shaping population change. From another perspective, since the age struc-
ture embodies the consequences of past demographic trends and influences
future demographic outcomes, its role in population change can be regarded
as path dependency.
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Notes

1 Bulgaria, Croatia, Czechia, Estonia,
Hungary, Latvia, Lithuania, Poland, Roma-
nia, Slovakia, and Slovenia.

2 See Table 1

3 This is similar to Lee and Zhou (2017),
who used counterfactual simulations to ex-
amine the primary drivers of population
aging.

4 A large body of literature has em-
phasized the assimilation of immigrants’ de-
scendants in terms of fertility and mortality
(Gordin 1964; Mayer and Riphahn 2000;
Biddle, Kennedy, and McDonald 2007; An-
tecol and Bedard 2006). However, recent
studies (Kulu et al. 2019; Wilson 2019)
have highlighted significant heterogeneity in
the behaviors of both immigrants and their
offspring.

5 Downloaded on June 25, 2025.

6 The total fertility rate that corresponds
to replacement level fertility for zero migra-
tion in Central and Eastern Europe declined
from 2.11 to 2.07 between 1990 and 2019.
While alternative replacement-level fertility
indicators incorporate varying assumptions,
such as those discussed by Parr (2021), this
study utilizes the conventional measure that
assumes zero net migration.

7 Although the weight of family sup-
port, especially cash-based financial aid, has
increased in several countries over the past

decade, it has tended to affect rather the
timing of childbearing and has a minor im-
pact on birth numbers in the long term.
(Lutz, Sobotka, and Zeman 2024; Sobotka
and Prskawetz 2020).

8 For example, Hungarians living in
neighboring countries migrated to Hungary
after the regime change.

9 Bulgaria’s relatively high total life
expectancy among the surveyed countries
is primarily driven by exceptionally high
male life expectancy, whereas female life
expectancy remains close to the regional
average.

10 The level shifts observed in some
countries (e.g., Bulgaria, Romania, Croatia,
Estonia) are in most cases attributable to an-
nual changes in migration following the cen-
sus. These can be regarded as revisions to the
estimated population figures from the previ-
ous census.

11 In the case of Romania, there was
a brief period during which the impact of
age structure on population change fluctu-
ated around a slightly declining trend (see
Figure 2). This results from the combination
of significant differences in subsequent co-
horts and high age-specific migration rates.
Following the abortion ban in 1966, the
number of births nearly doubled between
1966 and 1967, rising from 265,000 to
510,000. This had a long-term impact on Ro-
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manian age structure, causing a significant
deviation from stationary age structure in the
corresponding cohorts. The difference in co-
hort size, combined with the same migration
rate we applied, caused a brief fluctuation in
the impact of the age structure.

1459

showed minimal changes, and the key mes-
sages remained consistent. For instance, in
the case of the CEE region, population
change decreased from 8 percent to 7 per-
cent, driven by a decline in the impact of mi-
gration from —6% to —5 percent, while the

impacts of fertility (—14 percent), mortality
(5 percent), and age structure (6 percent) re-
mained unchanged.

12 As a robustness test, we performed
the same decomposition using 1992 as the
starting point instead of 1990. The results
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