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Abstract

The purpose of the article is to develop a System Dynamics model of the functioning and development of
the Ukrainian labor market, which can subsequently be used to simulate various government decisions and
policies. The Stella Architect sofiware is used to construct the model, allowing to provide insights into the
current state of the labor market and forecasts future trends, helping identify potential improvements.

The explanatory System Dynamics Model effectively demonstrates the complex interrelationships that
influence the dynamics of the Ukrainian labor market. The identified balancing loops highlight key factors
such as retirement, business closures, production levels, and the formation of new businesses, all of which
shape labor supply and demand. Each loop illustrates how changes in one economic aspect can impact
others, underscoring the interconnectedness of labor dynamics, economic growth, and business development.
Furthermore, the developed causal loop diagrams emphasize the cyclical nature of these interactions,
where increases in labor supply can result in higher wages and GDP, leading to further investment and
business creation. This model offers valuable insights into the feedback mechanisms that may stabilize or
destabilize the labor market, particularly in response to external shocks or policy interventions. In the
future, the developed model can be used to test various policies for major elements of the model and to
simulate its behavior.

Keywords: labor market, system dynamics, unemployment, employment, labor supply, labor demand,
monetary policy.
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Introduction and problem definition. The full-
scale invasion of Russia on the territory of Ukraine
significantly impacts the domestic labor market,
resulting in considerable fluctuations and changes.
The challenges of uncertainty during wartime, the
contraction of employment opportunities, structural
and qualitative shifts, large-scale flows of displaced
persons, and mobilization have exacerbated
employment issues. The current labor market
landscape can be described as a crisis, characterized
by elevated unemployment rates and an urgent
need for rapid workforce retraining. Negative
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trends such as declining employment levels, rising
unemployment, imbalances in  professional
qualifications, market heterogeneity, “brain drain,”
and increased difficulties in job placement are
prevalent during this wartime period in Ukraine’s
labor market (Cheromukhina, 2022, pp. 41-42).
The stabilization of the labor market should
become one of the most important tasks of the state
policy. Maintaining an appropriate balance between
the supply and demand for labor is determined by
various factors, among which population size,
migration, birth rate, emigration, and mortality are
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significant. Therefore, modelling of the Ukrainian
labor market is a vital tool for understanding
complex interactions, evaluating policy impacts,
and guiding strategic decisions, ultimately
contributing to more effective labor market
management and socioeconomic development.

Recent publications analysis. Problems of the
development of the labor market of Ukraine have
been studied by leading domestic scientists, such
as O. Bazhenova, V. Blyzniuk, O. Cheromukhina,
O. Levitska, 1. Lukianenko, M. Oliskevych,
O. Rudkovsky, S. Shumska, T. Vasyltsiv.

Unsolved part of the problem. Stabilizing and
utilizing the available opportunities and potential of
the labor markets in Ukraine require the
implementation of systematic and unconventional
measures within the framework of state policy
(Vasyltsiv et al., 2022, p. 2). However, today in
Ukraine there is a lack of a sufficient number of
scientific studies related to the labor market
modelling and forecasting. It is evident that under
conditions of uncertainty, making accurate fore-
casts is quite challenging. Although, developing
a theoretical model that can be used to simulate
labor market development and evaluate various
policies is highly relevant and necessary.

Research goal and questions. The purpose of
the article is to develop a System Dynamics model
of'the functioning and development of the Ukrainian
labor market, which can subsequently be used to
simulate various government decisions and policies.
The Stella Architect software is used to construct
the System Dynamics model, allowing to provide
insights into the current state of the labor market
and forecasts future trends, helping identify potential
improvements. This allows decision-makers to test
various strategies and observe potential outcomes
without the risks associated with real-world
experimentation (Sterman, 2000, p. 22).

Main findings. The dynamics of the labor market
are defined by changes in population size —population
growth through natural increase or migration can
lead to a rise in the labor supply, affecting market
wages and unemployment rates. Similarly, levels of
emigration and mortality are also important for the
labor market. A reduction in population size due to
emigration or an increase in mortality can impact the
labor force volume and market competition.

The further dynamics of the labor market depend
on enterprise activities and the creation of new jobs.
Increased labor demand from enterprises promotes
higher employment levels and sustains wage levels.
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Fig. 1. System Dynamics Model of the Ukrainian Labor Market
Source: by the authors in Stella Architect
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This interaction between labor supply and demand
determines market wages. An increase in wages can
lead to higher domestic demand and consumption,
which in turn can stimulate economic development
and GDP growth. Increased GDP can create additional
opportunities for investment in business expansion
and job creation. This, in turn, contributes to further
growth in the labor supply and creates dynamics in
the labor market. So, demographic trends explain
only a part of the changes in the labor market, the rest
are due to cyclical factors (Lukianenko, Oliskevych,
& Bazhenova, 2020, p. 384).

Thus, studying labor market dynamics is crucial
for understanding the economic and social processes
in society and for making informed decisions in
employment, social protection, and economic
development. Modelling the labor market using
a System Dynamics tool, taking into account the
factors influencing it, can provide a higher level of
understanding of the current situation and future
development prospects with possibilities for
improvement. The advantage of this approach lies in
the ability to comprehensively study the behavior of
complex systems with nonlinear causal relationships
and variable structures dynamically. Numerous
computer simulations using specialized software
enable the identification of the most accurate
configuration of its formalized structure, reflecting
real trends and interconnections among elements and
subsystems in both short- and long-term perspectives
(Lukianenko, Wheat, & Oliskevych, 2020, p. 318).

The labor market is modelled using the Stella
Architect software. The developed model consists of
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five parts: population, labor force (labor supply),
enterprises (labor demand), wages, and a macro-
economic component, as demonstrated in Fig. 1.

The developed System Dynamics model for the
analysis and simulation of labor market dynamics in
Ukraine is a complex system composed of five main
blocks, whose interactions reveal the intricate interplay
and interdependence of key aspects of the labor
market. The model was constructed using official
statistical data from the Ministry of Finance of Ukraine
(2024), the National Bank of Ukraine (2024), and the
State Statistics Service of Ukraine (2024).

The first block, depicted in Fig. 2, represents
population dynamics through natural processes —
birth rates and mortality. Official data from
Ukrainian state statistics are used to derive realistic
population indicators. Additionally, the model
accounts for migration, including both inflows and
outflows, which significantly impact the overall
labor force in the country.

The primary elements of the labor market are the
supply of and demand for labor. Their interaction
determines market wages and the level of
employment in the economy. Labor supply refers to
the number of individuals who are willing and able
to work under certain conditions (such as wages,
work schedule, and working conditions). Labor
demand refers to the number of workers that
enterprises and organizations are willing to hire at
a given wage rate. Labor demand is influenced by the
level of economic growth, investments in various
sectors, technological changes, and other factors.

The second block in the model, depicted in
Fig. 3, reflects the number of operating enterprises
and business structures in Ukraine. This block
generates demand for labor, as the development of
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Fig. 2. Population Block of
the Labor Market System Dynamics Model
Source: by the authors in Stella Architect

Fig. 3. Business Structures Block of the Labor Market
System Dynamics Model
Source: by the authors in Stella Architect
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enterprises leads to the creation of new jobs and
sustains existing ones.

The interaction between the population and
business structures blocks shapes the level of labor
market participation, tracking employment rates,
unemployment, and the filling of vacancies, as
depicted in Fig. 4. The interaction between these
two elements determines the employment level. For
instance, when the labor supply exceeds the demand,
it can lead to increased unemployment. Conversely,
when the demand for labor exceeds the supply, it
can promote full employment. Thus, the supply of
and demand for labor interact to determine market
conditions in the labor sector, including wages,
working conditions, and unemployment rates. These
two elements form the foundation for analyzing and
forecasting labor market development.

The formation of labor market prices is the next
element of the model, which considers the supply
and demand for labor (Fig. 5). It determines wages,

which in turn influence economic activity and
consumption levels, thereby affecting the economic
dynamics of the country.

The model also analyzes the relationship
between the labor market and economic indicators
such as GDP. It helps to understand and forecast
the development of the labor market and the
economy as a whole, complementing economic
models and enabling informed decision-making on
issues of socio-economic development in the
country (Fig. 6).

The developed diagram (Fig. 7) represents the
main relationships that drive the model’s behaviour:

* The first balancing loop, B1, indicates that
the retirement of individuals negatively impacts
the overall labor force in the market. The
subsequent balancing loop, B2, confirms that the
closure of business structures adversely affects
the total number of business entities within the
economy.
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* Balancing loop B3 highlights that the quantity of
goods produced in the economy influences the demand
for these goods, which in turn affects the demand for
new workers in the labor market. This process of hiring
increases the labor supply, thereby enhancing the
production capacity within the economy.

» Balancing loop B4 demonstrates that the rate
of new business formation in the economy impacts
the creation of new business structures, which
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subsequently affects the overall number of business
entities and alters the ratio of labor supply to each
business unit, thereby influencing the rate of new
business creation.

» Balancing loop B5 indicates that the overall
GDP of'the country, along with real GDP, influences
the level of investment expansion for business
development within the economy. This, in turn,
affects the total number of business structures and
the level of production, which also contributes to
GDP growth.

* Balancing loop B6 illustrates the reciprocal
relationship between the creation of new business
structures and their quantity in the economy,
impacting production levels. Increased production
necessitates the recruitment of new workers into
the labor force, triggering hiring processes that
augment the total labor supply, further influencing
the development of business structures in the
economy.

* Reinforcing loop R1 explains how the total
labor supply in the market affects wage levels and
GDP, which subsequently influences investment
levels for business development, leading to the
creation of new business structures. This increase in
production volume drives demand for new
employees, activating the hiring process and
enlarging the overall labor force.
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 Reinforcing loop R2 elucidates the impact of
new enterprise creation in the economy on the total
number of business structures.

Conclusions and further research proposals.
The explanatory System Dynamics Model effec-
tively illustrates the intricate relationships that
govern the dynamics of the Ukrainian labor market.
The balancing loops identified underscore critical
factors such as retirement, business closures,
production levels, and new business formation that
collectively shape labor supply and demand. Each
loop reveals how changes in one aspect of the econ-
omy can reverberate through others, highlighting
the interconnectedness of labor dynamics,
economic growth, and business development. More-
over, the reinforcing loops emphasize the cyclical
nature of these relationships, wherein increases in

labor supply can lead to higher wages and greater
GDP, subsequently fostering further investment and
business creation. This model provides valuable
insights into the feedback mechanisms that can either
stabilize or destabilize the labor market, particularly
in the context of external shocks or policy changes.

The developed model has demonstrated validity
through the use of real data, enabling the
identification of important interconnections within
the model for the development of effective policy
strategies. In the future, it is possible to test various
policies for major elements of the model and to
simulate its behavior. Also, the model can be
developed by adding new causal sub-models, in
particular those related to hostilities on the territory
of Ukraine and policies of foreign countries related
to Ukrainian refugees.
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MOJIEJIIOBAHHSI PUHKY MPAII YKPATHU:
CUCTEMHO-INHAMIYHWN OIIXIT

MeTo10 JOCHIiTKEHHS € pO3POOICHHSI CHCTEMHO-INHAMIYHOT MOJIeNi (DYHKIIOHYBaHHS Ta PO3BUTKY
PHUHKY Tpami YKpaiHu, Ky MO>KHa BUKOPHUCTOBYBATH JJISI CTUMYJIIOBAHHS MOBEAIHKNA CHCTEMH Ta MOJC-
JIIOBAHHS PI3HUX YPSIOBHUX PillIeHb Ta 3axoAiB. Jst moOy0BH MOseIi BUKOPHCTAHO IIpoTrpamMHe 3a0e3-
nmeuenHs Stella Architect, mo mae 3mory chopmyBaTé ySBICHHS NIPO IMOTOYHHN CTAaH PUHKY Mparli
Ta MPOrHO3YBAaTH MaiOyTHI TEHEHII1, JOTTOMAaralodyl BU3HAUYNTH MOTEHIIWHI HATIPSIMU JUTSI TT1IBUIIIEHHS
e(heKTUBHOCTI HOTO (QYHKIIIOHYBaHHs. Po3po0OineHa cCUCTEeMHO-IMHAMIYHA MOJIENb € CKIIAJHOK CHUCTe-
MOIO, 1[0 Ma€ I’ SITh OCHOBHUX OJIOKiB, B3a€MOJIisl IKUX PO3KPHUBAE CKIAAHY B3a€MO3AICKHICTh KIIOUO-
BHUX AaCIIEKTIB PHHKY IIpalli: HAceNeHHs, poboda cmia (MPOMO3MUIlSA Mpalli), MiJIMpHEMCTBA (ITOMHUT
Ha Ipaio), 3apo0iTHA MaTa Ta MaKpOCKOHOMIYHHI KOMITOHEHT.

[TosicHIOBanmbHA CHCTEMHO-TUHAMIYHA MOJCHb €(PEKTHBHO ITIOCTPY€E CKIATHI B3a€MO3B’SI3KH, SIKi
3YMOBJIIOIOTh TUHAMIKY PHHKY TIpani Ykpainu. BusiBieHi 6anancyrodi et 3BOPOTHOTO 3B’ 3Ky BU3HAUa-
I0Th KPUTHYHI (PaKTOPH, SIK-OT BUXiJ] Ha IIEHCII0, 3aKPHUTTS Oi3HECIB, piBHI BUPOOHHUITBA Ta (POPMYBAHHS
HOBHX MIiJIPUEMCTB, II[0 B CyKYITHOCTi ()OPMYIOTH MPOMO3UIIiI0 i HOMUT Ha pobouy cuiy. Koxna metns
MOKAa3ye, SIK 3MiHU B OJHOMY acIIeKTi €KOHOMIKH MOXXYTh BIUIMBATH Ha iHIII, IiJKPECTIOI0YN B3a€MO-
3B’S[30K MK JUHAMIKOIO PHHKY Mpami Ta €KOHOMIUYHUM 3pocTaHHsIM. Kpim Toro, mimcmmroroui metmi
HATOJIOIIYIOTh Ha IUKJIIYHOMY XapakTepi X B3a€MO3B’S3KiB: 301IbIICHHS MPOMOo3uIii pododoi cumn
MOJKE 3yMOBHTH 3pOCTaHHs 3apoOiTHOI miatn Ta BBII, 1m0, CBO€I0 4eproro, CTUMYIIOE TIOAAIBIII 1HBEC-
THIIIT Ta CTBOpeHHs Oi3HeciB. Ll Mogenp Hajae MiHHY iHPOPMAIliIO PO 3BOPOTHI MEXaHi3MH, SKi MO-
XKyTb cTabimizyBaTu abo mecTabini3yBaTH pUHOK Tpalli, 0COOIMBO B yMOBaX 30BHINIHIX IIOKiB a00 3MiH
YPsIIOBOT MO THKH.
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Pozpobiiera Momeb MpoIeMOHCTPYBaIa CBOO BaJIiHICTh Yepe3 TECTYBaHHS Ha PEANbHUX JAHUX, IO A€
3Mory c(hopMyBaTH 0OIPyHTOBaHI BUCHOBKH IIOJI0 OCHOBHHX B3a€MO3B’s3KiB Y MOJIEIT Ta BUKOPHCTOBYBAaTH
11 JuIst pO3p0o0IIeHHS ePEKTUBHHX cTpaTeriil. Takoxk MozesTb Mo)ke OyTH pO3IIUpEHa IUITXOM J0/IaBaHHS HOBUX
MIPUIMHHO-HACTIJIKOBUX CyOMOJIENIei, 30KpeMa THX, 1[0 CTOCYIOThCS BOEHHHX i Ha TepHTOpil YKpaiHu
Ta MMOJITUKA 1HO3EMHHUX KPaiH MO0 YKPATHCHKHUX O1KCHIIIB.

KurouoBi ciioBa: puHOK Tpalli, CHCTEMHA IMHAMIKA, 0e3p00ITTs, 3alHATICTD, IPOITO3UIIIS MPAIli, ITOTTAT
Ha Mparllo, MOHEeTapHa MOJITHKA.
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