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APPLICATION OF PROBABILISTIC 
AND STOCHASTIC MODELS AND DATA 
MINING FOR FORECASTING THE 
CONTINGENT OF OLD AGE PENSION 
RECIPIENTS IN THE CONTEXT OF 
SYSTEMIC UNCERTAINTY

The object of the research is mathematical models for forecasting the contingent of pension recipients in condi-
tions of uncertainty caused by both the reform of the pension system and the impact of armed aggression. Based 
on the study of statistical information on the structure and dynamics of the contingent of pension recipients, an 
approach to uncovering systemic uncertainty in the task of forecasting the contingent of pensioners is proposed. 
This work is part of a study of the application of data mining methods of intellectual data analysis and mathe
matical modeling in information technology intended for use in the pension system. The main focus of this work is 
on forecasting the dynamics of the contingent of pension recipients by age, in particular, forecasting the number 
of newly appointed pensions. The difficulty of forecasting the contingent of pension recipients, in particular by 
age, is connected with the fact that it is necessary to ensure the representativeness and variability of data sets. 
In addition, it should be taken into account that a significant number of factors must be included in the model 
in accordance with the requirements of regulatory documents. Another problematic issue is that the time series 
of the investigated indicators, such as data on the insurance experience of insured persons (based on the results 
of a sample survey), may contain significant (more than 40 %) gaps that can be filled only on the basis of pri-
mary  (paper) documents. Therefore, the input data sets are formed with assumptions about the probability of 
the accumulation of insurance experience in various groups of insured persons. The paper proposes an analytical 
toolkit based on the use of probabilistic and statistical models in the form of Bayesian networks, intended for use 
in specialized decision-making support systems of the Ukrainian pension system. In the course of the study, a num-
ber of numerical experiments were carried out, in which the correctness of the proposed method was investigated.  
The proposals presented in the paper will improve the stability of the pension system of Ukraine, including through 
a more accurate definition of the dynamics of the contingent of pension recipients and, accordingly, the costs of 
pension payments. The proposed models and methods can be used as part of decision-making support systems  
of state and public administration bodies to analyze the results of reforming the pension system.
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1.  Introduction

A new stage of reforming the pension system of Ukraine, 
announced by the Ministry of Social Policy  [1–3], will 
soon begin – a transition to a pension system that will 
combine three components: a solidarity system, an accu-
mulation system, and a voluntary one  [3–5]. Therefore, 
not only updating the system of actuarial calculations, 
but also the introduction of modern, adapted to domestic  
conditions, model tools, which would allow obtaining high-
quality forecasts even in conditions of systemic uncertainty, 

becomes relevant. After all, for a long time, in the system 
of mandatory state pension insurance in Ukraine, the main 
attention was paid to the issue of actuarial calculations 
and actuarial forecasts  [5–10], which provided acceptable 
results. However, the implementation of a three-level pen-
sion system involves the use of a methodological apparatus 
for modeling the state and dynamics of the pension sys-
tem, which is actively used in many countries  [4,  11–13]. 
An example of such models are models developed by the 
World Bank  [11], which are used in more than 90 coun-
tries of the world. However, they are more acceptable for  
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countries with established economies, so foreign experience 
requires adaptation to domestic conditions, taking into ac-
count the influence of various groups of factors that affect 
the financial balance of the pension system. According to 
experts in  [5,  10], these factors can be summarized into 
three groups: macroeconomic, demographic, and organi-
zational and legal.

Given the expected changes in the pension system, military 
aggression, special attention should be paid to demographic 
factors, and, in particular, to forecasting the number of pen-
sion recipients. Traditionally, forecasting of the contingent of 
pension recipients is based on the use of mainly demographic 
approaches, the basis of which are methods of extrapolation, 
statistical modeling, etc.  [11,  14,  15]. All  of these methods 
require a significant amount of statistical information, the 
collection of which in full during the war is practically 
impossible, or is limited, for example, to certain regions 
or communities. We need new models and methods that 
will ensure obtaining demographic forecasts, actuarial cal-
culations, forecasts of the contingent of pension recipients, 
in  conditions of systemic uncertainty.

The aim of research is to develop mathematical models and 
information technology intended for forecasting the number 
of pensioners by age in the task of budget planning of the 
Pension Fund of Ukraine under conditions of uncertainty. 
This will allow, in particular, to increase the efficiency of 
the budget process of the Pension Fund of Ukraine and 
contribute to the rational use of funds for financing pension 
payments, optimization of state budget expenditures on social 
protection and social security. What is extremely relevant in 
the conditions of the growth of the contingent of recipients 
of pensions and benefits for the reduction of the income 
part of the Pension Fund budget and the reduction of bud-
get funding of the sphere of social protection and security.

2.  Materials and Methods

The research presented in this paper is part of the work 
devoted to the development of information technology for 
analysis and forecasting of the state and dynamics of the 
national pension system, in particular the Pension Fund of 
Ukraine. The research was carried out on the materials of the 
State Statistics Service and materials of sample surveys. The 
pension system defined by the Law of Ukraine "On Manda-
tory State Pension Insurance" [16] has undergone significant 
transformations, and its reformation continues. And since 
the entry into force of this Law – on January  1, 2004, the 
system of collecting and accumulating information on the 
payment of mandatory state pension insurance contribu-
tions by all insured persons began to work. This created 
the prerequisites for the automation of processes related 
to the appointment and payment of pensions, as well as 
the improvement of the analytical functions of the Pension 
Fund of Ukraine  [17]. According to the Ministry of Social 
Policy of Ukraine [18], in 2021, the share of the population 
aged 60 and older in the total structure of the population of 
Ukraine was 24.8 %, which is a powerful factor in increasing 
the demographic burden, increasing the need for medical 
services and social security. As of January 1, 2023, the largest 
share in the contingent of pension recipients is age pensio
ners – 74  % of the total number of pension recipients  [15].  
The average amount of monthly retirement pension as of  
January 1, 2023 is 4,522.98 UAH (123.68 USD) [19]. For pen-
sion payments made by the Pension Fund of Ukraine in 2023,  

671.4  billion  UAH (18.36  billion  USD)  [19,  20] will be 
allocated, which is 90  % of the Pension Fund’s expendi-
tures (in 2022, pension payments will amount to 97.3  %).  
In 2023, expenses financed from own funds were provided 
by the receipt of these funds by 101.9  %, which is 1.8  % 
more compared to 2022  [20]. Therefore, in order to predict 
a possible change in the volume and structure of expenses, 
planning the budget of the Pension Fund, it is important to 
have an effective forecasting toolkit, in particular, a  metho
dology for predicting the number of newly assigned pensions 
during the calendar year.

This study considers the task of forecasting the number of 
newly assigned age pensions for population groups of a  cer-
tain year of birth, when the main criterion for determining 
the right to grant an age pension, in addition to the onset 
of retirement age for the insured person, is the presence 
of the necessary insurance experience. The assumption in 
this problem is that people who have insurance experience 
after 2004 were just as likely to have had it in the period 
from 1990 to 2004, and by 1991, 98  % of people of work-
ing age were working. The most likely scenario will be the 
appointment of old-age pensions for persons who have the 
required insurance experience for a certain age category or 
category of insured persons who are entitled to the appoint-
ment of an old-age pension before reaching the age of 60 on 
preferential terms, early or by reducing the retirement age.

Therefore, this problem is characterized by the presence 
of systemic uncertainty, vague input information  [21–24]. 
The sources of data are official statistical information, pub-
lic information in the form of open data, expert opinions, 
unstructured data from various Internet sources, including 
information on the activities of executive authorities and 
other state bodies. Therefore, for the aim of this research, 
it is proposed to use the approach, basis which consists of 
probabilistic statistical methods [25, 26], tools for intelligent 
data analysis, methods of processing large volumes of data. 
These models and methods have proven themselves well in 
decision support information systems in the management of 
socio-economic systems [23, 24, 26–39], in particular, in the 
tasks of revealing systemic uncertainty.

Bayesian networks  [26, 31–37] are a high-resource me
thod of probabilistic modeling of processes of various nature, 
which allows working out statistical, structural, parametric 
uncertainties. Both discrete and continuous variables can be 
used as input data. The construction of models is possible in 
the presence of hidden peaks and incomplete observations, 
and the formation of a conclusion is possible using both 
approximate and exact methods.

Taking into account the peculiarities of the studied 
subject area, hybrid Bayesian networks were chosen as an 
analytical tool  [26, 33, 36, 37]. Hybrid Bayesian networks 
are graphical models that contain nodes with discrete and 
continuous variables.

When using Bayesian networks containing nodes with con-
tinuous and discrete variables, there are a number of limitations:

–	 nodes with discrete variables cannot have parent 
nodes with continuous variables;
–	 nodes with continuous variables must have a normal 
distribution law conditional on the values of parent nodes;
–	 distribution of a continuous variable with discrete 
parent nodes and continuous parent nodes is a normal 
distribution  [26]:

P X Y y Z z N x y z x y= =( ) = ( ) ( )



, , , ,μ μ μ σ σ 	 (1)
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where μ μ μx y z, ,  – mathematical expectations, σ σx y,  – vari-
ances, σ σx y,  – standard deviation; μx  depends linearly 
on parent nodes with continuous variables, and σx  does 
not depend on parent nodes with continuous variables 
at all. However, μx  and σx  depend on parent nodes with 
discrete variables. This limitation guarantees the possibi
lity of forming an accurate conclusion.

The method of using Bayesian networks for forecasting 
the number of newly assigned pensions by age during one 
calendar year is presented in Fig.  1.

The issue of collecting and pre-processing the input data 
set deserves special attention, as it contains complete infor-
mation about the insurance experience of insured persons 
in the information system of the mandatory state pension 
insurance, starting from 2004. Information about the work 
experience of insured persons in the period before 2004 is 
stored mainly on paper media. Therefore, when building 
models, it is necessary to ensure representativeness and vari-
ability of data sets. Take into account the possibility of add-
ing information about the insurance period, the influence of 
demographic factors, as well as the fact that the algorithms 
for calculating the insurance period and assigning pensions 
by age are regulated by the current legislation.

3.  Results and Discussions

In the study, the number of newly assigned pensions by 
age in 2024 is modeled in accordance with the norms of 
the current pension legislation and taking into account the 
assumptions regarding the availability of insurance experience 
for insured persons. The input data sets were generated 
on the basis of available statistical information, analysis of 
information sources on the Internet, expert assessments, 
the assumption that 90–98  % of the working population 
worked in the period before 1990, and in the period from 
2004 to 2024 can "buy more" no more than five years of 
service before the required age pension in 2024.

Fig. 2 presents the assumptions regarding the distribu-
tion of insurance experience of insured persons who will 
turn 60 in 2024 (year of birth – 1964).

The distribution of the values of insurance experience 
for the entire period of employment of the insured person is 
described by the following statistical characteristics: mathe
matical expectation µ = 34.81, standard deviation sigma = 7.08.

The distribution of the values of insurance experience 
before 2004 for insured persons is described by statistical 

characteristics: mathematical expectation µ = 18.67, standard 
deviation sigma = 4.09.

The distribution of insurance length of service values 
after 2004 is described by the following statistical cha
racteristics: mathematical expectation µ = 15.66, standard 
deviation sigma = 4.67.

In fact, from the point of view of frequency analysis, 
the value of the distribution of insurance experience for 
the entire period of employment of the insured person 
is a combination of the distribution of the value of in-

surance experience before and after 2004. 
Such values can be seen in Fig.  2–4, using 
the usual operation of adding the values 
of mathematical expectations and standard 
deviations of the given distributions.

The mathematical apparatus of hybrid 
Bayesian networks was used for modeling, 
namely, a network was built that contains 
both discrete and continuous vertices. The 
computer program Genie  2  [40] was used 
to construct the topology and calculate the 
probability values, SAS software was used to  
prepare the input data, Fig.  5  [41, 42].

The vertex "Probability of receiving a 
pension" is characterized by a random vari-
able conditionally normal on the values of 
the parents (that is, on the values of the 
parents). 

It should be noted that, in the general case, the dis-
tribution of probabilities for vertices similar to the vertex 
"Probability of receiving a pension" is not just a normal 
distribution, but a mixed normal distribution. That is, it 
represents a weighted mixture of distributions, for each 
of which a list of its parameters must be specified:

–	 mathematical expectations and variances for distribu-
tions describing the degree of influence of discrete parents;
–	 weighting factors that take into account the degree  
of influence on the mathematical expectation of conti
nuous parents.
The settings of the vertices of the built hybrid Bayesian  

network are as follows:
–	 the vertex "Insurance experience for all time" is descri
bed by the value 34.81 ± 7.08;
–	 the vertex "Insurance experience before 2004" is descri
bed by the value 18.67 ± 4.09;
–	 the vertex "Insurance experience after 2004" is descri
bed by the value of 15.66 ± 4.67;
–	 the vertex "Probability of buying 1–5 years of insur-
ance experience" is described by the value of 12.52 ± 2.1;
–	 the vertex "Age of a person" is a discrete vertex that  
accepts discrete values of the number of years;
–	 the vertex "Preferential service (harmful conditions)" is 
described by the following marginal table of conditional 
probabilities: "yes" – preferential service of 6.5 years or 
more – probability – 2 %, "no" – less than 6.5 years – 98 %;
–	 the vertex "Sign of the right to early retirement or 
with a reduction of the retirement age" is described by 
the following marginal table of conditional probabilities: 
the value of the conditional probability of the vertex – 
"yes" – probability 2.5  %, the value of the conditional 
probability of the vertex – "no" – probability 97.5  %;
–	 the vertex "Probability of receiving a pension" is a  re-
sulting vertex, which, based on the parameters of the 
parent vertices, gives the probability of receiving a pension.

Collection and pre-processing of 
information about insured persons (using 
both information available in the Pension 

Fund database and obtained from the work 
books of insured persons and from other 

state registers) 

Determination of the probability of 
«buying» the required number of years of 

insurance experience by persons with 
insurance experience for retirement at 60, 

63 and 65 years 

Determining the probability of 
granting an old-age pension in 
the current year for groups of 

insured persons with insurance 
experience after 2004 

Grouping of the contingent of 
insured persons by 

characteristics: date of birth, 
existing insurance experience 

before 2004 and after 2004 

Forecasts 

Fig. 1. Scheme of forecasting the number of newly appointed pensions by age using 
probabilistic modeling
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As a result of the calculations, the following results 
were obtained (Table  1). 

If a person planning to retire does not have 5 or 
less years of experience before the required experience 
for the appointment of an old-age pension, it can enter 
into an agreement with the Pension Fund of Ukraine 
on voluntary participation in the pension insurance 
system – to "buy up" the experience. The probability 
of such an event, if to "buy back": 1 year – 91.98  %, 
2 years – 90.59 %, 3 years – 55.19 %, 4 years – 23.35 %, 
5  years – 12.85  %.

The most likely scenario for the number of newly 
appointed old-age pensions for 2024 is as follows. Persons 
born in 1964 will buy the right to an old-age pension when 
they reach the age of 60 and have 31 years of insurance 
experience. There are 374,046 (77.7  %) of such persons. 
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Fig. 2. Distribution of insurance experience of insured persons born in 1964 for the entire period of their employment

 

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Experience until 2004, years

Persents
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In addition, another 50,213 (10.44  %) will be able to 
receive a pension at the age of 60, if they can (will have 
the desire) to "buy up" insurance experience, i.  e., a total 
of 424,258 (88.21  %) people will buy the right to a pen-
sion at the age of 60 years. At the age of 63, with 21 to 
31 years of insurance experience, 30,829 (6.41  %) people 
born in 1964 will be entitled to a pension. 15,438 (3.21 %) 
people will be entitled to a pension at the age of 65, 
having insurance experience of 15 years or more.

Persons born in 1965 will buy the right to a pen-
sion at the age of 60 if they have 32  years of insurance 
experience at the time of retirement age. There may be 
349,807  (75.67  %) of such persons, subject to the conclu-
sion of an agreement with the Pension Fund of Ukraine 
on voluntary participation in the pension insurance system, 
an additional 50,851 (11 %) persons will be able to receive 
the right to a pension at the age of 60, i.  e. a total of 
400,658  (86.67  %) persons. At the age of 63, having an 
insurance experience of 22 to 32 years at the time of  re-
tirement age, 31,203 (6.75  %) persons from the number 
of persons born in 1965 will buy the right to a  pension. 
18,260  (3.95  %) persons can become recipients of a pen-
sion at the age of 65 if they have at least 15  years of 
insurance experience at the time of retirement age.

Persons born in 1966 will be entitled to an old-age  pen-
sion if they have 33 years of insurance experience by the 
time, they turn 60. There may be 349,463 (72.01  %) of 
such potential pensioners, and 59,498 (12.26  %) may po-
tentially "buy up" insurance experience. That is, a total of 
408,961  (84.27  %) people will have the right to receive 
a  pension at the age of 60. At the age of 63, 37,756 (7.78 %) 
people with insurance experience of 23 to 33 years can be-
come pensioners. 22,809 (4.7  %) persons will buy the right 
to receive a pension at the age of 65, having an insurance 
record of at least 15 years.

Persons born in 1967 will be entitled to a pension at the 
age of 60 if they have 34 years of insurance experience at 
the time of retirement age. There may be 336,784 (68.79 %) 
of such insured persons. If 65,996 (13.48  %) people decide 
to "buy up" the seniority, then a total of 402,780 (82.87 %) 
people will receive old-age pensions. At the age of 63, with 
24 to 34 years of insurance experience at the time of re-
tirement age, 42,251 (8.63  %) persons will be entitled to 
an old-age pension. Old-age pensions can be received from 
the age of 65 by persons who at that moment have at 
least 15 years of insurance experience. Potentially, there 
may be 25,703 (5.25  %) of such persons.

Persons born in 1968 will buy the right to receive 
a  pension at the age of 60 if, at the time of reaching 
60, they will have 35 years of insurance experience (this 
is 325,887 (65.06  %) persons). Persons who do not have 
the required length of service (35 years) at the time of 
reaching retirement age, but will be able to (have the 
desire to) "buy up" length of service, will be able to join 
the pension recipients. This is another 77,339 (15.44  %) 
potential recipients of old-age pensions. That is, a total 
of 403,227  (80.5  %) persons will buy the right to receive 
a  pension at the age of 60 in 2028. At the age of 63, with 
insurance experience from 25 to 35 years, 47,185 (9.42 %) 
will receive the right to receive a pension. At the age of 65,  
with 15 to 25 years of insurance experience at the time 
of buying the right to a pension, 29,403 (5.87  %) people 
will be able to receive a pension.

In the future, the method should be improved by using 
ensembles of models, which will include regression models,  
cognitive models, scenario analysis, etc., in addition to 
Bayesian networks. In addition, additional regressors will 
be added to the studied data sets, which will allow taking  
into account more criteria that determine the right to 
the appointment of old-age pensions.

Expanding the range of applied mathematical models 
will allow the proposed method to be used in the social 
security system to determine the number of people who 
will need social assistance.

The proposed system can be adapted for use in the new 
pension system. In particular, it can be used to perform 
predictive calculations, develop scenarios and foresights for 
the development of the pension system. This will make it 
possible to increase its financial stability on the basis of 
the implementation of scientifically based approaches to 
decision-making in the conditions of systemic uncertainty 
during the war and post-war reconstruction.

The limitations of the research are the lack of complete 
information about the length of service of persons insured 
in the system of national pension insurance, death or stay 
abroad, and there is also no complete information about 
the number of missing persons.

The conditions of martial law greatly complicated the 
conduct of this research, since it is practically impossible  
to obtain reliable statistical data on the number, com-
position and structure of the population both in the oc-
cupied territories and those who are abroad. Therefore, 
the error in predictive calculations is greater than under 
normal conditions.

Table 1

The results of modeling the number of people born in 1964–1968 who will retire by age with different insurance experience, it is possible to take  
into account that the experience that is not enough (but not more than 5 years) can be bought up

Year of 
birth

Number of insured persons 
(available information on 

insurance experience)

From the total number of insured persons, %

The old-age pension will 
be assigned upon reaching 

the retirement age

The pension will be assigned upon 
reaching the retirement age, sub-
ject to the buying of experience

Pension will be assigned 
later (at age 63)

Pension will be as-
signed later (age 65)

1964 480964 77.77 10.44 6.41 3.21

1965 462280 75.67 11 6.75 3.95

1966 485298 72.01 12.26 7.78 4.7

1967 489583 68.79 13.48 8.63 5.25

1968 500903 65.06 15.44 9.42 5.87



INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

61TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 5/2(79), 2024

ISSN 2664-9969

4.  Conclusions

The proposed method of forecasting the number of pension 
recipients using probabilistic statistical models can be used 
during the formation of the budget of the Pension Fund 
of Ukraine. However, it needs to be tested on real data of 
personalized accounting. To verify the correctness of the 
obtained results, a comparison was made between the results 
of forecasting the number of pensioners by age according 
to the proposed model and the increase in the number of 
pensions by age assigned in 2021–2023. The deviation of 
the simulated values from those calculated on the basis 
of statistical data does not exceed 15  %, which indicates 
an acceptable the quality of the proposed methodology.
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