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1. Introduction

1.1. Purpose of the study

The research agenda starts with the pension systems analysis over time and the long and
systematic schemes that were used for attaining and maintaining a high level of social ben-
efits for elderly people. However, in the last decades in can be observed some interesting
social aspects which influenced the pension system policies. These aspects are generated by
globalization, the digital economy, labour force movements, migration, artificial intelligence
and computing mechanisms, and complex algorithms.

The research purpose reveals the necessity of recalibrating the pension system’s sustaina-
bility, especially the financial aspects concerning a more suitable and stable pension scheme
for the elderly people in the context of social security and standard of living. Moreover, the
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research highlights the necessity of an important mix of elements in granting a sustainable
pension system structure.

The main added value of the paper consists of creating a framework for the pension
systems by taking into account aspects such as demographic trends that manifest in several
countries, the aging problem and the future challenges ahead, and the labour supply paths
in terms of flexibility and accountability. These aspects will impact upon financial sustainabil-
ity of pension systems in determining a comprehensible pension scheme for elderly people.
The study takes into account both countries from Central and Eastern Europe and the Baltic
States, countries with communist pasts and similar institutional, legal, economic, and social
problems for gathering some patterns regarding the solutions that need to be enacted by
the national authorities in reshaping the pension systems sustainability.

1.2. Research hypothesis

Analysing the financial, economic, social, and behavioural literature, has led to the develop-
ment of the empirical study research hypotheses which are the following:

H1: The total general social expenditures that generate high pressure on the pension system
budget can be reduced by establishing and strengthening, ceteris paribus, the average
tenure of elderly people who activate on the labour market giving stimulus to people
who work better and longer consolidating the labour supply and enhancing financial
sustainability of pension systems.

H2: The total general government revenue can be increased, ceteris paribus, through a sus-
tainable social policy that will consolidate the labour force and also the elderly one,
having measures of counteracting the demographic unbalances and population aging
encouraging elderly people to continue to gain incomes and strengthening the financial
sustainability of pension systems in the long run.

1.3. Objectives of the study

The initial aim of the paper is to determine the influences of demographic changes, popu-
lation aging, and labour force on the financial sustainability of pension systems in Central
and Eastern Europe and the Baltic States. The specific aims which will be investigated in this
study are the following:
i. The impact of demographic changes on the pension systems scheme and policies in
terms of soundness and sustainable paths.
ii. The correlation between population aging and the necessary reforms needed to re-
shape and recalibrate the pension systems.
iii. The nexus manifested between the total general government expenditure and total
general government revenue for an equilibrated pension systems policy.
iv. The actual trends and paths of the labour force and their impact on the financial sus-
tainability of pension systems.
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1.4. Research gap

Regarding the research gap, the theoretical literature does not correctly identify the quid
pro quo arguments for establishing the social and behavioural features that influence the
sustainability of pension systems. Although several underlying studies evaluate and assess
some social features and characteristics, the gap remains due to the volatility in terms of
social factors, demographic trends, and patterns and several important insights regarding
labour supply behaviour.

From the practical point of view, governments and state authorities are primarily con-
cerned with formulating a coherent pension systems agenda vis-d-vis of a balanced policy
of pension income for elderly people which will grant an increasing trend in the standard of
living and also in the happiness of elderly people. This fact regards also the technical features
of pension systems which are currently analysed and studied in each country for conferring
a sustainable pension system environment and higher financial equity.

In light of the aspects mentioned above, this research contributes to encapsulating empir-
ical results which can be seen as a benchmark regarding the financial sustainability of pension
systems. In light of these arguments, this research will analyse and assess the most important
features of population aging problems, demographic trends, and labour supply patterns to
evaluate the impact of these important aspects, on the pension system scheme, lato sensu,
and the financial and economic aspects of pension systems, stricto sensu.

2. Literature review, theoretical and empirical background,
and the current state of the art

The economic and financial literature regarding the sustainability of pension systems and
their impact on population aging, demographic changes, and elderly labour supply has an ex-
tensive trend nowadays. Stanovnik et al. (2015) make a comprehensive review of pension sys-
tems in Croatia, Poland, and Slovenia by presenting the similarities and differences between
these three pension systems by using a coverage wage bill indicator regarding contribution
compliance. The author has concluded that the trend of this indicator has been decreasing
since 2000 and affects the public pension financial sustainability in all three countries. Other
authors such as Dorofeev and Tamashiro (2023) deal with the problem of pension systems
deter during the 2008 recension and 2020 COVID crisis and suggest that due to especially
aging problem, it needs to be implemented several reforms which need to be in light with
the contemporary challenges of the global economy.

Gutierrez et al. (2023) connect the healthcare system in Spain with the public pension
scheme before and after the Great Recession, highlighting some interesting factors such as
intergenerational consensus, sufficient public spending, and the willingness to increase the
amount of this spending and the balance of payments-benefits. Dumiter and Jimon (2022)
also analyse the public pension systems’ sustainability with a special focus oriented on a more
financially soundness of public pension schemes; the authors have concluded that in former
socialist countries from Central and Eastern Europe, it needs to be implemented structural
changes in order to enhance the soundness of the pension reforms.

Other studies, such as Al-Hassan and Devolder (2022) developed stochastic models in
the Belgian case for determining the demographic risks of PAYG pension plans, especially
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in terms of introducing a dependence demographic ratio for the evolution of contributions
and benefits in terms of risk-sharing strategies. Safaralievich (2022) examines the efficiency
of pension systems and makes recommendations regarding a decent retirement based on
changes in the replacement rate, monthly wages, and pensions and the factors that influence
the size of pensions. Aubry (2022) suggests the need for alternatives in public pension invest-
ment policies; the authors have made an empirical study investigating the performances of
pension funds with the conclusion that the volatility increased due to alternative investments
and actuarial expectations.

Romp and Beetsma (2023) connect the business cycle and demographic trends with
pension reform in OECD countries revealing that their empirical study shows the timing
and measures of pension reforms are not connected with the demographic shock but with
business cycle shocks. Hoang and Maher (2022) study the problem of public pension con-
tributions from the fiscal implications suggesting the importance of expenditures allocation
of a sound public finance policy; the authors conclude that there is an inverse correlation
between state expenditures, fund balances, budgetary balances, and employer contributions.
Wolf (2021) made an interesting study connecting political pressure with risks in the pension
systems using a binary path; the study highlights the need for a convergence process with
inter and intragenerational components of a funded pension design.

Kanabar and Kalwij (2023) connect retirement behaviour with the eligibility age of state
pensions and conclude that the whole retirement planning needs to be improved to rebal-
ance the disproportion of the state pension and raise the retirement age upwards. Brunello
et al. (2023) analyse the need for pension reforms connecting the absence of middle-aged
workers with the increasing trends of working horizons and pension reforms agenda; the
author concludes that females register smaller wage payments, but their work agenda regis-
ters higher flexibility. Jimon et al. (2020) developed an interesting study that connects health
features, the free movement of people, and the labour market aspects to pension systems;
the authors conclude that the pension systems need to be reshaped due to some factors as
changes in the labour force structure, higher levels of death rate combined with lower levels
of birth rate, demographic transition, aging and migration.

Analyzing sustainable pension systems starts with Clements et al. (2014) which focuses
on the challenges and perspectives on more sustainable pension systems highlighting some
interesting insights as the gender gap and intergenerational equity, poverty aspects, the
role of family, and several risks. This approach was tackled also by Castanheira and Galasso
(2011) which underline the main reforms for a sustainable pension system by two approaches:
notional accounts systems and a fully funded system. Nomura (2023) studies the intercon-
nections between public pension schemes and the macroeconomic slide in Japan concerning
population aging and pension replacement rate. Other authors as Sorsa and van der Zwan
(2022) make a comparative study regarding Finland vs. Netherlands' political sustainability of
pension systems suggesting a direct connection between pension scheme parameters and
governance culture.

The European Union pension system'’s financial sustainability was analysed by Bayar (2013)
dealing with a triangle agenda: population aging, pension expenditures, and sovereign debt
crises of the Eurozone. The interconnections between sustainable investments and pension
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systems were debated by Hammond et al. (2023) revealing the need for a sustainable and
proper investment policy in the agenda of the retirement funds. Abdessalem and Chek-
ki-Cherni (2016) present the multidimensional reforms of sustainable pension systems orient-
ed towards financing sources outside labour income and diversifying other financial sources.
Orban and Palotai (2005) suggest the need to introduce several reforms in the pension system
which need to start with legal aspects, public liabilities, some important policy measures and
budgetary adjustments, and strengthening the private pension funds system.

Table 1 presents several interesting empirical findings regarding the correlation between
pension systems, population aging, and demographic changes. As can be seen, there are
identified studies that use panel data for a large number of countries to test the connections
between the financial sustainability of pension systems, retirement age, fertility rate, and re-
placement rate (Verbik & Spruk, 2014). In the aftermath, Jimon et al. (2021) reveal that in five
Central and Eastern European Countries the connections between the financial sustainability
of pension systems and the new social, judicial, medical, and economic conditions.

Other empirical studies deal with some mathematical models of pension systems and their
impact on the sustainability of pension systems. This is the case for Ramaswamy (2012) con-
structed an actuarial model for determining the unit credit method for pension liability, Zhao
and Mi (2019) focused on stochastic projection models and Cohort-component population
projections, Sole et al. (2019) developing a study that relies on DyPeS behavioral microsim-
ulation model, Gannon et al. (2020) constructing a smooth automatic balancing mechanism,
Kulinskaya et al. (2020) with a mathematic model for effective age, life expectancy, and period
life improving the Cox — Gompertz model, and Romp and Beetsma (2020) suggesting the
need for overlapping generations model.

The mathematical approach to the sustainability of pension systems was developed fur-
ther by Huang et al. (2020) by developing a mathematic model for the Netherlands using
an STLT model — smoothed threshold life table, Bravo et al. (2021) using a Bayesian Model
Ensemble of heterogenous parametric with novel adaptive technique using large time-periods
and a significant country sample, and Fratoni et al. (2022) which deal with the deterministic
shock on public pension systems due to the COVID 19 effects in Italy.

There can be identified also other interesting empirical studies dealing with the sustain-
ability of pension systems, such as Amaglobeli et al. (2019) which analyze a large sample of
80 developed and emerging countries using demographic trends and developments, and
private savings panel regressions. Moreover, Krpan et al. (2022) analyzed 11 members of the
EU in terms of pension system sustainability and using the slack-based measure (SBM) and
DEA methodology. Gomez-Deniz et al. (2022) studied the robustness of pension systems in
Spain using a statistical model with total payments, meanwhile, Tomassetti (2023) developed
an EU model of pension funds regarding the enactment of sustainable finance.

The economic literature reveals another part of interesting studies which need to be taken
into consideration. First, Boj et al. (2024) developed an interesting study by including several
clusters to analyze the effect on the lifetime of a family with household finances by using
reverse mortgage loans. Dumiter (2023) expresses the importance of judicial and financial
aspects of taxation with a direct effect on pension systems to strengthen the financial sustain-
ability of pension systems and recalibration at the OECD level of the social system structure.
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Table 1. Previous studies regarding the sustainability of pension systems, demographic changes,
population aging, and elderly labour supply

indicators for intra
and intergenerational
distribution.

Author Research Sample Results anq main Research Gap
method conclusion
Ramaswamy | = Actuarial = Canada, Ger- [= Occupational schemes | = Reshaping the sustain-
(2012) model using many, France, need to comply with ability of pay-as-you-
the projected | Italy, Japan, the accounting stand- | go pension schemes
unit credit Netherlands, ards. throughout pension risk
method for Sweden, Unit- | = Lower returns of exposure.
determining ed States. pension assets are = Rising fiscal deficits and
the service provided by poor fi- lower payroll tax reve-
cost and pen- nancial market returns | nues impact of pension
sion liabilities. and low real interest schemes.
rates.
Verbic and | = Panel with = 33 countries = The fiscal sustainabili- | = Pressure on expendi-
Spruk (2014) | fixed-effects in the period ty of pension systems | tures of pension sys-
and random 1998-2008. can be improved by tems due to the aging
effects. higher net replace- population.
ment rate, increase = Improvement of life
retirement age and expectancy in line with
total fertility rate. the decrease in the
fertility rate.
Amaglobeli | = Demographic | = Advanced, = Aging challenges and | = Reshaping the design
et al. 2019) | and pen- emerging and savings rates — insti- of retirement system
sion system developed tutional settings for scheme.
trends. economies. reshaping the pen- = Population age dis-
= Impact of = 80 countries. sions systems. tribution movements
demographic = The imperial need due to the declining
developments for reforms of public fertility and increasing
on savings. pensions. longevity.
= Private sav- = The need of measures
ings panel to counteracting the
regressions. aging effects on la-
bour supply.
Zhao and Mi | = Stochastic = Time period = Pension system = Distortion of public
(2019) projection 2001-2016 and | problems in China: systems and under the
models and projections insufficient collection, | economic downturn
Cohort-com- for the next differential contribu- and population aging.
ponent popu- | 60 years for tion rates and dual = Pensions gap develop-
lation projec- | China. employment structure. | ments by using popu-
tions. = The need to adopt lation projections and
other systems with stochastic projection
redistributive basic models.
old-age and multi
pillar pension systems.
Sole et al. = Extension of | = Period sam- = Reforms to reduce = Reforms of pension
(2019) the DyPeS ple between pension expenditures system for reducing the
behavioural 2008 and 2015 | due to demographic demographic ageing
microsimula- for Spain. ageing consequences. | consequences.
tion model. = The need of several = The balance between

economic position of
pensioners and average
pension to average
wage.
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Continue of Table 1

Author Research Sample Results anq main Research Gap
method conclusion
Gannon = Smooth auto- | = US Social Se- | = Financial sustainability | = The need for balancing
et al. (2020) matic balanc- | curity System. pf pension system is expenditures of pension
ing mecha- prevailed by financial schemes with increas-
nism (S-ABM). balance, social time ing receipts.
preference rate, lower |= Trade-off between
expenditures. social costs and social
time preference.
Kulinskaya |= Cox — Gom- |= Mathematical |= Among groups of = Forecasting mortality
et al. (2020) pertz model model. people can have projections and ageing
for effective impact health inter- population.
age, life ex- ventions and medical |= Health interventions
pectancy and advances. and medical advances
period life. = The composition of affect life expectancy
population can have and have impact on
impact upon life ex- pension systems.
pectancy.
Romp and = Overlapping |[= Mathematical |= Problems in the re- = Reshaping intergen-
Beetsma generations model. laxed policy regarding | erational risk-sharing
(2020) model with the participation in benefits.
(1) exogenous existing pensions = Uncertainty and risk
endowment arrangements. aversion connected
income and = The important need with social welfare max-
(2) the con- and willingness of imizing.
sume of their young people to con-
savings and tribute to the pension
benefit from systems.
pensions. = The impact of un-
certainty and risk
aversion impact upon
social welfare of pen-
sion schemes.
Huang et al. | = STLT model — | = Mathematic = Advanced life mor- = Advance ages with life
(2020) smoothed model for tality acceleration table for extreme and
threshold life Netherlands. and late life mortality | non-extreme ages with
table. deceleration. smooth mortality tran-
sition.
Jimon et al. |= OLS, 2SLS; = 5 Central and | = Financial sustainability | = Special reforms needed
(2021) GMM; VAR. Eastern Euro- of pension systems is | for former CEE coun-
pean Coun- preserved by the new | tries due to the com-
tries: Czech social and economic munist systems.
Republic, Hun- | conditions in CEE = Changing the legal
gary, Poland, countries. environment of pension
Slovakia, and systems and strength-
Romania. ening the judicial fea-
tures.
= Economic and finan-
cial reforms needed
in order to exceed the
catching up process
from the developed
countries.
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End of Table 1

Research

Results and main

Author method Sample conclusion Research Gap
Bravo et al. | = Bayesian = Period sam- = For all countries life = The revaluation of de-
(2021) Model En- ple between expectancy gap is mographic projection

semble of 1960 and positive and signifi- between retirement
heterogenous | 2018 and cant. income products and
parametric projections = It must be annually life expectancy cohort.
with novel through 2050 a indexation rate of = Life expectancy gap of
adaptive for the 42-na- pensions due to the all ages modelling and
technique. tion popula- maghnitude of subsidy | mortality rate forecast-
tion. rates between gener- ing models.
ations.
Fratoni et al. | = Deterministic |= Period sam- = Contributions in- = COVID 19 effects upon
(2022) shock on ple between comes were lowered the sustainability of
public pen- 1983 and 2017 | by economic restric- pension systems.
sion systems for Italy. tive measures and = Stochastic framework
due to the reduced wages and using unemployment
CovID 19 employment. rate, wage growth,
effects. = There can be iden- inflation rate, and mor-
tified a dependence tality rate.
ration between un-
employment rate and
mortality on pension-
ers.
Krpan et al. | = Sustainability |= 11 new mem- |= The funding level of | = Multipillar pension sys-
(2022) on pension bers of the EU: [ pension systems if tems on new EU Mem-
systems us- Bulgaria, Croa- | essential. ber States.
ing the slack tia, Czech Re- | = Private pension sys- |= Future benefits of cur-
based meas- public, Estonia, | tem is important re- rent pension systems
ure (SBM) Hungary, Lat- garding the economic | by using Global Pension
and DEA via, Lithuania, part. Index methodology
methodology. | Poland, Roma- |= The older population (CFA Institute).
nia, Slovakia participation in the = Cross-country compar-
and Slovenia. labour force rate. ison needed between
EU member states.
Gomez-Den- | = Statistical = Period sam- = Addressing the unsus- | = Creation and enhancing
iz et al. model for ple between tainability and system | reserve funds for mac-
(2022) pension sys- 2000 and 2019 | deficit with actuarial roeconomic stability.
tems using for Spain. statistics and proba- | = The calculation and
total pay- bility computing. forecasting of these
ments. = Pension systems sus- reserve funds in pen-
tainability must be sion systems for miti-
tackled also by the gation of demographic,
key element: the level | economic and social
of reserve funds. conditions.
Tomassetti = EU model for | = EU Member = The critical need for | = EU legislation improve-
(2023) pension funds | States. economic sustain- ment needed in terms

regarding the
enactment for
a sustainable

finance.

ability; the duality
between workers as
shareholders and
workers as stakehold-
ers; rebalancing pen-
sion funds.

of Directives and Reg-
ulations.

Taxonomy regulation
and pension fund
governance need to
enhance transparency
rules.
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Figuerola-Wischke and Gil-Lafuente (2024) make on the US case study regarding the
benefits of real retirement average by using forecasting techniques; the authors conclude that
the operator of a real average pension could be taken into account by the US authorities for
a successful social security benefits policy implemented with good empirical results. Dumiter
et al. (2023) evaluate and assess the sustainable aspects of pension systems in Central and
Eastern Europe by taking into account the social, economic, and financial features and char-
acteristics of pension systems.

3. Research methodology

3.1. Model specification and construction

In this research, we analysed the financial sustainability of pension systems by having two
independent variables, pension expenditures and pension revenues. The pension funds data
set contains N = 252 cases with m = 8 features (independent variables) each and two targets
(dependent variables). Data are grouped by nine countries with 28 consecutive yearly entries
(group cases) 9 x 28 = N. Subsequently, it will be used to evaluate the structure and de-
pendence relations in the entire data set (disregarding the country groups). The first following
subsections report on data analysis regarding this entire data set.

Expenditure and revenue targets: the linear base model

Given date input matrix X e RV™ and a target y, eRV, ie{1,2}, where the index istands
for expenditures or revenue as a percentage of GDP, respectively, the linear base model is
obtained by solving:

mvin |‘yi —EWO—XW‘ 1. (1

The parameter vector (WO,W)ERm+1 is found by minimizing the squared error of hitting
the target y; by linearly combining the features (columns) from X. Parameter w, e R is the
intercept and e is the N-dimensional unity vector.

Setup of data analysis

In the sequel, and as a first step the entire data set will be analysed separately for both
targets. Notwithstanding the data degeneracy of the entire data set, the aim is to specify
and illustrate a strategy for model-based data assessment. To this end, a series of models
with increasing representational and mapping capabilities are used. Because the number of
cases is quite limited it is mandatory to use linear models first. The objective of the analysis
is twofold: (i) testing for variable selection or input variable relevance, and (ii) reporting on
the data reproduction quality of the models. Models to be used are:

(a) traditional Linear regression;

(b) Ridge- and Lasso-regression to check for input variable importance (sometimes re-
ferred to as for ARD — automatic relevance detection) with different regularization
objectives,

(c) cross-validated glmnet models to find good combinations of Ridge- and Lasso-regres-
sion: an effective regularization for eliminating input variables from (linear) models;
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(d) Xboost as a very flexible model class capable of building rather universal non-linear
models (with much less effort compared to training and validating neural networks).
For small data sets, models of high mapping power equivalent to (d) like for instance
Xboost cannot be sensibly used for data reproduction as they will almost always find ways
to accurately reproduce the given data! However, if such reproduction succeeds with a reduc-
tion in the number of active inputs, this is still worthwhile reporting. Implicitly, such powerful
models also map possible combined effects of variables, hence more informative approaches
like Shapley’s method can be used to assess variable importance.

Ridge- and Lasso-regression for assessing the variable importance

This is an extended linear modelling class that highlights variable importance by the use of
regularized linear models. This extension calls for solving the following problem:
. 2
min “yi —ew, —XW‘ |2 +cx)\HWH +(1—O())\“W‘ ,
w

2
for ie {1.2}, i.e., for both targets,

with A > 0 and 0 < a £ 1. The meaning of all other variables is the same as that from the
base model stated above. For A = 0 there is no regularization, and for A > 0 model truncation
can be combined between soft regularization, for a = 0, and hard regularization, for o = 1,
and anything in between.

3.2. Data and variables

The empirical study conducted in this article analyses the impact of demographic changes,
population aging, and elderly labour supply in nine CEE and BS: Bulgaria, Czech Republic, Po-
land, Romania, Slovakia, Hungary, Estonia, Latvia, and Lithuania. Table 2 presents the empirical
database constructed as well as the variables code, description, and unit scale. The time —
period for the database is 1995-2022. The following dependent variables are total general
government expenditures and total general government revenue, meanwhile, the independ-
ent variables are average population, population change, crude death rate, natural change
of population, the median age of the population, old-age dependency ratio, proportion of
population aged 60 years and more, proportion of population aged 65 years and more. The
construction of the database was developed by using the data from Eurostat. The data anal-
ysis, the econometric modelling and the graphical outputs all use tools from the R software.

Table 2. Variables, data sources, description, unit scale, and construction mechanisms

Variables code Variables description Construction mechanism and Unit/Scale | Sources

Dependent variables

soc_exp Total general government | Percentage of gross domestic product | Eurostat
(yexp) expenditure, Social (% of GDP) database
security funds

soc_rev Total general government | Percentage of gross domestic product | Eurostat
(yrev) revenue, Social security (% of GDP) database
funds
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End of Table 2

Variables code | Variables description Construction mechanism and Unit/Scale | Sources

Independent variables

av_pop Average population — The population average is calculated as | Eurostat
(avp) total the arithmetic mean of the population | database
on 15t January of two consecutive years.
The average population is further used
in the calculation of demographic
indicators, like the crude rates per 1000

persons.
pop_ch Population change - The difference between the size of Eurostat
(pch) demographic balance and |the population and the end and the database

crude rates at national beginning of the period specifically, it is

level the difference in population size on 1st

January of two consecutive years.

dr Crude death rate The ratio of the number of deaths Eurostat
(cdr) during the year to the average database

population in that year. The value is
expressed per 1000 population.

n_ch_pop Natural change of The difference between the number of | Eurostat

(ntch) population live births and the number of deaths database
during the year.

mage_pop Median age of population | The age that divides a population into | Eurostat

(mage) two numerically equal groups, meaning | database

half the people are younger than
median age and half are older.

oadr Old-age dependency ratio |Is the number of persons of an Eurostat
1st variant (population age when they are conventionally database
65 years or over to considered economically inactive (aged

population 15 to 64 years) | 65 years and over 1%t variant, to the
number of persons conventionally
considered of working aged 15-64 15t

variant).
pop60 Proportion of population | % of total population Eurostat
(p60) aged 60 years and more database
pop65 Proportion of population | % of total population Eurostat
(p65) aged 65 years and more database

4. Empirical results

This entire data set has the (linear) correlation structure depicted in Figure 1, which by visual
inspection already points at a series of degeneracies (collinearity, etc.). For instance, note that
both targets are highly positively correlated. High positive correlations appear also between
input variables, for instance, the inside the block {oadr, p60, p65} and with the variable mage.

Plotting both target values (Figure 2) against each other — irrespective of their order in
the database — gives a fast and precise view of their similarity. The more they are aligned to
the diagonal the more similar they are. Such scatterplots will also be used in the sequel. Both
target variables are highly correlated but also have some dissimilarities. They seem somewhat
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redundant. Only very limited useful dissimilarity information is therefore to be expected from
the overall data view. However, more detailed, country-wise analysis will finally assess their
modelling value.

The population levels and the revenue target depicted in Figure 3 (sufficient due to the
high correlation between both targets) seem to indicate a spuriously positive correlation.
This seems at first surprising, but it may mainly be due to considering the entire data set
(which contains contiguous country subgroups). Later analysis of country groups in parallel
may present a more differentiated picture. However, using country-specific models implies
a much-reduced number of cases (28 each), and hence, fewer degrees of freedom or more
modelling uncertainty!

Figure 1. Linear correlations between all variables for the entire data set (all countries)
(source: own processing using R software)

similarity of targets

& 0@
o . Eﬁ{ o
. .
o e
& o B :
1 CE:)
g 2 °
: gt
24 S%‘fﬁog
o O gen o
o g%
& °
8 o
o wj@
T T T T
5 10 15 20
S0C_BXp
Figure 2. Plotting target variables expenditures Figure 3. Comparing population levels and
targetagainst revenues the revenue

(source: own processing using R software) (source: own processing using R software)



1932 F. C. Dumiter et al. The impact of social features on the financial sustainability of pension systems ...

4.1. Expenditure and revenue targets: the linear base model

In Figure 4 there is a slight change in position and importance of some variables. Variables
with low or very low relative importance may be excluded from the data model. In general,
if some input variables are effectively excluded the accuracy of the target reproduction is ex-
pected to be less or at most equal to that of the full model. Figure 5 depicts the reproduction
accuracy of the full models for both targets.

Both target reproduction scatterplots of Figure 5 are more accurate the more the point
distribution approaches the diagonal (the 45-degree line; can be seen also in Figure 2, which
seems to be much better in comparison).

Figure 4. The importance of the feature variables for (approximately) reproducing both targets.
Left panel: expenditures target, Right panel: revenue target (source: own processing using R software)
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Figure 5. The target predictions of the linear model using all variables. Panels same as in Figure 4
(source: own processing using R software)
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4.2. Variable importance: the ridge and lasso models
for expenditure target

In Figure 6 model coefficients w; (7\) for ie{1,2,...,m}, i.e., the different curves depicted,
lead to acceptable model errors for Iog(7\) -values between the respective vertical dashed
lines. The upper line plots from Figure 6 indicate, however, that the overall error variation is
quite limited.

4.3. Variable importance: the ridge and lasso models for revenue target

Figures 6 and 7 suggest that one may drop feature variables without a dramatic error penalty.
Due to the high positive correlation between both targets, they are quite similar. Strong pa-
rameter fluctuation for lower A indicates co-linearity problems in the data. The rather broad
intervals surrounding the average curves in the upper line plots indicate strong fluctuations
of error penalty caused by cross-validation as compared to average error variation.

Figure 6. The ridge model (a = 0, left column plots) and the lasso model (o = 1, right column plots).

Upper line plots: error penalty for regularization. Lower line plots: change of coefficients wj()\ due to

progressive regularization A > 0. The shaded corridors in the upper line plots are error bars due 10-leave

out to cross-validation. The upper horizontal numbers in the lower line plot represent the number of
active variables for progressing Log-lambda (source: own processing using R software)
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Figure 7. Same as Figure 6 but for the revenue target (source: own processing using R software)

4.4. Expenditure and revenue targets: the cross-validated gimnet model

The glmnet model produces the results depicted in Figure 8 and Figure 9. This model refers
to a cross-validation-guided approach, which is used to combine different models acting on
the same data. Here, the aim is to optimally combine the contribution of the Ridge-regression
and that of the Lasso-regression model by varying parameters 0 < o < 1 and A > 0 respec-
tively. The model combination obtained is “optimal” in the sense of (statistical) robustness.
Hence, the central role of (repeated 10-leave out) cross-validation. The relative contribution
of both models (in our case Ridge and Lasso) to the final model (the glmnet) depends on the
nature of the data and it cannot be guessed beforehand. For the given data, the outcome
turns out to be strongly in favour of the Lasso, that is, a = 1.

4.5. Expenditure and revenue targets: the cross-validated xboost model

The xboost model class uses a very powerful, ultra-flexible adaptation mechanism (similar
in power to that of neural networks), which needs strong regularization (e.g. by cross-vali-
dation). If used for data analysis, one may run into difficulties if searching for explanations
concerning a single isolated variable contribution (!) While prediction error is negligible in
data reproduction, one may find information of variable relevance — here evaluated by the
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Shapley method, which implicitly accounts for any types of (non-separable) interactions, by
counting variable co-occurrences as different “coalitions” of input variables. There is a total

m
of Z [TJ such coalitions, with m the number of input variables. Hence, the number of
k=0

coalitions is growing fast in the number of model input variables making Shapley evaluation
potentially expensive as it can be seen from Figure 10 and Figure 11.

Figure 8. Variable importance for both targets (compared to Figure 4 with the same layout)
(source: own processing using R software)
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Figure 9. Target prediction of regularized models (compared to Figure 5 with the same layout)
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Figure 10. Variable importance for both targets (compared to Figure 4 and Figure 8 with the same layout)
(source: own processing using R software)
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Figure 11. Target prediction of regularized models (compared to Figure 5 and Figure 9 with the same layout)
(source: own processing using R software)

4.6. Empirical findings conducted on country groups

The data analysis methods detailed in the previous sections used all available country data in
a contiguous manner. This amounts to glue blocks of country data into an essentially random
sequence. We suspect that this artifact may be responsible for some of the degeneracies
described so far.

Note that, owing to partial similarities in the structures of the country correlation matrices
the aggregate correlation structure from Figure 12 contains weak and stronger positive cor-
relation only. Furthermore, the correlation structure from Figure 12 is obtained by reordering
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Figure 12. The correlation of the nine-country correlation matrices
(source: own processing using R software)

(and grouping) the countries according to hierarchical clustering. For the depicted situation
of five formal clusters of countries related by correlation structures, we have four effective
country groups, namely (1) a strong cluster containing the Czech Republic (CZ) and Slovakia
(SK), (2) a weaker cluster containing Estonia (EE) and Latvia (LV), (3) a strong cluster contain-
ing Bulgaria (BG), Lithuania (LT), and Romania (RO), as well as (4) a strong cluster containing
Hungary (HU) and Poland (PL). Upon varying the number of clusters and restarting the hier-
archical cluster algorithm, countries may be reordered anew but they largely stay within the
same group compositions (not shown here). HU, PL, and BG may change subgroup mem-
bership somewhat but stay within the larger supergroup of {BG, LT, RO, HU, PL}. The targets
expenditure and revenues tend to produce different outcomes in the entries between (and
less so within) the groups.

4.7. Regression outcomes and research hypothesis testing results

Appendix presents the tabular results of the country—wise data models, including the model
on all data. As it can be seen, Appendix shows that in all countries there can be identified
significant linear coefficients in 2-3 variables, acceptable residual error, acceptable R-squared,
and good F — statistic.

For Bulgaria, the results show significant linear coefficients in different 2-3 variables, small
residual error strong R — squared and F — statistic. For the Czech Republic, there can be ob-
served less significant linear coefficients, small residual error, strong R-squared explanation,
and strong F-statistic.
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Estonia’s results show weakly significant linear coefficients, small residual error, medium
R-squared explanation, and strong F-statistic. Regarding Latvia’s results, it can be observed
barely significant linear coefficients, small residual error, weak R-squared explanation, and
strong F-statistic, meanwhile for Lithuania’s results, there are significant linear coefficients,
small residual error, rather weak R-squared explanations, strong F-statistic.

For Hungary, it can be observed that there are no significant linear coefficients, small
residual error, medium R-squared explanation, and strong F-statistic, meanwhile, Poland reg-
isters partially significant linear coefficients, small residual errors, medium R-squared explana-
tion, and strong F-statistic.

Romanian’s case shows the weak significance of linear coefficients, small residual errors,
weak R-squared explanation, and strong F-statisticc meanwhile Slovakia’s results dome the
significance of linear coefficients, small residual errors, medium R-squared explanations, and
strong F-statistic.

Overall, it seems to be justified to complement the linear models with some other ap-
proaches as many countries display rather weak to moderate degrees of significance of their
linear coefficients (which stand for separable effects). Nevertheless, linear models seem to
be often sufficient for prediction purposes (residual errors, F-statistics), and owing to data
sparsity they should not be discarded.

Table 3. Derived signs of the independent variables and validation by the empirical results for the total
government social expenditures dependent variable (source: own processing)

. R . Empirical
Variable Denominations Acronyms Sign Results
Dependent | Total government social expenditures, social soc_exp(yexp)
variables security funds
Independent | Average population — Total av_pop(avp) + | Support
variables Population change pop_ch(pch) — | Support
Crude death rate dr(cdr) + | Support
Natural change of population n_ch_pop(ntch) — | Support
Median age of population mage_pop(mage) | + |Rejected
Old age dependency ration oadr + | Support
Proportion of population aged 60 years and more | pop60(p60) — | Support
Proportion of population aged 65 years and more | pop65(p65) — | Support

Table 3 presents the results of testing the hypothesis regarding the total government
social expenditures dependent variable. As can be seen, hypothesis 1 is confirmed mostly,
because social expenditures of government are correlated with the average population and
crude death rate and also with the median age of population. Population change is a difficult
variable that must be developed in further studies, meanwhile, the old age dependent ratio
has a significant impact on expenditures policy. Finally, the level of social expenditures has
a direct impact on the financial sustainability of pension systems, and giving elderly people
stimulus to work after 60 and 65 years can be a quid pro quo in balancing the pension
schemes in all countries.
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Table 4. Derived signs of the independent variables and validation by the empirical results for the total

government revenue dependent variable (source: own processing)

. A . Empirical

Variable Denominations Acronyms Sign Results
Dependent | Total general government revenue, social security |soc_rev

variables funds (yrev)

Independent | Average population — Total av_pop(avp) + | Support

variables Population change pop_ch(pch) — [ Support

Crude death rate dr(cdr) + | Support

Natural change of population n_ch_pop(ntch) — | Support

Median age of population mage_pop(mage) | + | Support

Old age dependency ration oadr + | Support

Proportion of population aged 60 years and more | pop60(p60) — | Rejected

Proportion of population aged 65 years and more | pop65(p65) — | Rejected

Table 4 presents the results of testing the hypothesis regarding the total government rev-
enue-dependent variable. The results show that Hypothesis 2 is mainly confirmed, revealing
that the total government revenue is influenced by the total population and crude death rate,
meanwhile, there is a more complex relationship in practice with the natural change of pop-
ulation and old age dependent ratio. Finally, there is also a complex relationship manifested
between other social and demographic unbalances and elderly people who continue their
social and professional activity. In the long run, the financial sustainability of pension systems
can be strengthened by increasing the age of retirement and giving fiscal advantages and
stimulus to elderly people in order to continue their activities for longer periods.

5. Discussion and recommendations

Analysing and interpreting the empirical results resulting from the statistical model filter of
this study one observes that the input variable relevance (importance) analysis conducted
country by country reveals (see also Supplementary material):
= Different regularization paths for the Ridge / Lasso generalized linear modelling ap-
proach, which are observed between countries from the first lines of the four-in-one
plots.
= Slightly different and in some cases markedly partially different magnitudes and or-
ders of the variables when comparing the expenditure columns(s) with the revenue
columns(s) for the countries.
= Overall, quite different variable relevance structures between (Lasso-based) glmnet
models (2" lines in the plots) and the related models generated by xboost (3™ lines
in the plots). As xboost is exploiting all or most of the nonlinear relations (interactions,
etc.) present in the data one may conclude that linear models are at best partially ad-
equate for modelling the data.
= However, given the sparseness of the data, it remains uncertain if the data contain
genuine (systematic) nonlinear relations or interactions or if xboost is merely adapting
to "noise” caused by random historical events over time in the respective countries.
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The empirical results encountered in this study show that there are similitudes and also
differences between the nine countries analysed in this study. The similitudes are enacted
by the communist past and also the long and hard transition period starting from the 1990s
which contains also demographical challenges and population aging problems due to the
migration of population in Western European countries and also in other highly industrial-
ized countries from North America and Asia. The differences between countries shown in the
empirical study findings suggest that the state authorities have adopted also some particular
reforms and measures in each country that enabled the reshaping the pension schemes,
especially aspects such as law and legislation reforms, pension points calculation mechanism
adjustments and social policies for strengthening the labor supply giving several benefits for
elderly people that continue their activity also at old ages.

Given these aspects, Baltes et al. (2018) highlight the most important features and trends
of the Romanian pension system by providing both a quantitative and qualitative overview;
the authors have concluded that in Romania there must be enacted legal, economic, and
social aspects of pension system to face the future challenges. Later on, Dumiter et al. (2021)
reveal several interesting insights regarding the Central and Eastern European Countries’
private pension schemes and their connections with the macroeconomic environment; the au-
thors suggest that the investment strategy of private pension funds is directly connected with
the deposits interest rate having at the background a stable macroeconomic environment.

Danan and Dupre (2021) encompass a comprehensive study regarding the connections
manifested between population aging and gerontology for the understanding of popula-
tion dynamics and human aging trends; the authors propose multidisciplinary approaches to
deal with the complex phenomenon of aging, longevity, and gerontology processes. Chlon-
Dominczak (2021) analyses the demographically old problem in Southeast and Central-East-
ern Europe revealing the economic transition of these countries in the context of international
convergence with the EU policies and outlining the main challenges ahead. Nullmeier et al.
(2022) highlight the importance of social policy and the need for its dynamics by enhancing
the importance of domestic factors and transnational relations.

Kabasinskas et al. (2017) analyse the Lithuania risk-return profile of private pension
schemes and conclude that there must be a correlation between a certain risk category and
the pension funds low risk reference. Garvey et al. (2020) analyse the problem of minimum
pension benefits with the NDC scheme and suggest that must be taken into account social
aspects regarding the appliance of public pensions, especially in countries such as Norway,
Poland, Latvia, and lItaly.

Other authors as Boj et al. (2022) connect the financial sustainability framework with
reverse mortgage contracts and conclude that for Spain family evidence, family composition
influences initial income and increases the probability of future problems regarding liquid-
ity issues. Frassi et al. (2019) propose an interesting intergenerational redistribution system
enriched in the pension system with a fully funded and novel fully funded system which are
capable of reducing the redistribution on the future intergeneration trends, increasing social
welfare, and strengthening physical capital accumulation.

The problem of disability pensions connected with optimal retirement was studied by
Fehr and Frohlich (2023) for the Germany case; the authors present several reforms that
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were taken in Germany and conclude in an aging society, the rehabilitation and activation
of sick elderly in the workforce can be a path to secure the public pension systems financial
stability. Costrell and McGee (2023) suggest the need for reshaping the funding of public
pension schemes with an economic reformulation conferring theoretical insights regarding
the risk-return relationship and new terms of contribution policy guidelines. In the aftermath,
Sanchez-Romero et al. (2024) make a comprehensive analysis regarding the winners and los-
ers of the pension systems’ redistributive effects suggesting a multidimensional approach to
dealing with reforms that need to take into account heterogeneous socioeconomic groups
and behavioural feedback models. Innocenti et al. (2024) analyse a multicounty study re-
garding the connection manifested between planning, retirement concerns, and financial
challenges of pension systems concluding that the persons unable to accumulate savings
must invest in supplementary pension funds.

6. Conclusions

All CEE and BS countries face demographic challenges and threats to the financial sustaina-
bility of public pension systems. Demographic data shows that the median age of the popu-
lation exceeded 44 years in Lithuania, Latvia, and Bulgaria, and the natural population change
is negative in all CEE and BS countries. Bulgaria, Estonia, Latvia, Lithuania, and Hungary have
an old-dependency ratio of over 30%, and the population aged over 65 represents over 20%
of the total population in these countries. Life expectancy at age 65 reaches over 81 years
in the Czech Republic, Estonia, Latvia, and Poland. Poland, Hungary, Slovakia, and Lithuania
have the largest pension expenditures as a percentage of GDP.

Possible solutions for enhancing the financial sustainability of public pension systems
in CEE and BS countries came in a wider framework, considering all social, economic, and
political factors. In our opinion, the sustainability of public pension systems could increase
by developing the economic competitiveness and social attractiveness of these countries by
improving the business environment, growing labour accessibility and productivity, raising the
quality of public and private services, and keeping safe and strong communities.

The empirical results obtained in this paper show that the financial sustainability of pen-
sion systems both in CEE and BS is dependent in terms of expenditures and revenues vis-
a-vis of the demographic changes that nowadays countries need to deal with in terms of
migration, free movement of people, and flexibility. Moreover, the empirical study shows that
the population aging phenomenon which manifests also in CEE and BS has a direct impact
on the sustainability of pension systems and the reforms must be oriented towards reshap-
ing the pension systems and reconfiguring the pension schemes. Labour supply structure,
developments, and evolution are the key features because the globalization phenomenon
opened the door for stronger competition between the economies and the material and
social needs of the people.

The main added value of the paper is represented by gathering together a group of nine
countries from CEE and BS with a common past and with similar institutional requirements
in terms of the sustainability of pension systems. The geographic area and location of these
countries are confirmed also by similar demographical trends and patterns and also by the
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movements of the labor force. In the second place, we wanted to reveal some important char-
acteristics of pension systems that are directly connected with social security, the labour force,
and demographic challenges in order to highlight some interesting features convergent and
divergent in these countries. In the end, the statistical model analysis reveals that there are
several similarities in structural features in the social characteristics of pension systems which
can be used by the state authorities in these countries for cooperation and best practice for
solving the inequities regarding the pension systems schemes.

The disadvantages and the weak points of the study regard the limited time period for
the indicators taken into account in this study. This is because there is a limited amount of
data regarding pension systems and pension characteristics at both national and international
levels. In the aftermath, this study has encountered the most comprehensive indicators for
assuring the impact of population aging, demographic changes, and labour supply for elderly
people in order to evaluate their impact on the financial sustainability of pension systems.
However, it cannot take into account all social, demographic, and behavioural indicators that
manifest themselves on national and international levels. The most important issue here is
representing the constant change of pension schemes and systems promoted by these coun-
tries to enhance the financial sustainability of pension systems, the element which was very
difficult to measure and highlight.

Future developments of this study regard, at first, the enlargement of the number of
countries included in the sample. This is because there are also other states from the Euro-
pean Union with similar patterns and trends regarding the structure of pension systems. In
the second place, it can be included also other interesting institutional features and quality
indicators concerning pension laws, social insurance mechanisms, demographic indicators,
and behavioural indices. Finally, the model for pension systems and financial sustainability
schemes can be improved by using several econometrical or other mathematical techniques
to recalibrate the pension systems for the social, economic, legal, and demographic chal-
lenges ahead.
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Tabular results of country-wise data models including the model for all data
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