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VIRTUAL SCENARIOS OF DEMOGRAPHIC IMPACT ON ECONOMIC GROWTH

Introduction. As you know, developed economies
try to automate production processes as much as
possible, which in turn increases their capital intensity.
However, such automation significantly reduces the
dependence of enterprises on human resources. This has
a twofold impact on the economy: on the one hand, it
increases labor productivity and economic efficiency,
and on the other hand, demographic changes, such as an
aging population and a shrinking labor force, become
less critical for economic growth. However, in the long
run, population decline may lead to a decline in
domestic demand, which creates additional challenges
for economic development.

In countries with a low level of production
automation, the demographic situation plays a more
significant role. In such countries, population growth
rates directly affect the formation of labor resources and,
consequently, economic growth. However, rapid
population growth in the context of limited investment
in human capital and low technological development
can lead to unemployment, deteriorating living
standards, and growing social inequality.

Taking demographic changes into account when
modeling economic growth is crucial for obtaining
realistic forecasts and developing effective economic
policies. Demographic factors, such as population
growth rates, fertility rates, life expectancy, and the

structure of age groups, directly affect the dynamics of
labor resources and capital accumulation.

Methodology. We chose an endogenous model of
economic growth that takes into account foreign trade
and investment, as well as its modification that divides
the economy into sectors with an emphasis on their
interaction, as described in detail in [1-3].

In the model, the main factors of production are
private capital K,,, public capital K, human capital
(knowledge) H, labor L and the variable factor R.
Variable factor R in a single-sector production model is
responsible for the land factor N. A modified Cobb-
Douglas function of the form:

Y, = AKy “KyopPH NOL14F71=0, (1)
where o — is the coefficient of elasticity of private
capital, B — public capital elasticity coefficient, y —
human capital elasticity coefficient, ¢ — elasticity of the
variable factor, in this case, land [2; 3].

In the multisectoral model, the factor R depends on
the sector. For the primary sector Y, 4, land is a factor,
similar to the single-sector model. For the secondary
sector Y;,4 factor is the output of the primary sector
Yo gr- For the tertiary sector Y, factor is the output of
the secondary sector Y.

For a multisectoral model, the production function
takes the form:

— al 1 1 1 1-al-f1-yl—-@1
Yy = A1Kagr“ Kgoo Hagr"' N Lggy 1™ 7FIT1I701 4
a2 2 y2 2 1-a2-B2-y2—¢2
AZKind Kgovﬁ Hind Yagr(p Lind A ¢ +
a3 3 y3 3 1-a3—B3-y3—¢3
A3Kserv Kgovﬁ Hserv Yind @ Lserv A ¢ > (2)

wherein Y, = Y, gp + Ying + Ysery, similarly K, = Kpgp + King + Ksery and H = Hygr + Hing + Hgery, L =

Lagr + Lind+Lserv-

Capital in the model is divided into private and
public, which allows for a more accurate accounting of
the differences in the functions and role of each sector
in the process of economic growth. Investments are
made through aggregate savings, which reflect the
ability of the economy to effectively channel resources
for development. Thus, capital dynamics can be

o029

described through three key indicators: private sector
capital intensity, which determines the volume of
private investment; public sector capital intensity, which
characterizes investments in public infrastructure and
public goods; and aggregate savings per unit of labor,
which is the main source of investment in the economy.
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This approach allows for a deeper exploration of
the interrelationships between private and public
investment, as well as their joint impact on labor
efficiency and long-term economic growth [2; 3].

The innovation sector generates new knowledge by
the production function:

AH = BK, s L.q 77, A3)

where K,; — capital raised in the innovation sector,
L4 —labor involved in the innovation sector, v — capital
elasticity in the innovation sector. Total capital in the
economy Ky, can be found by the formula: Kpy; =
Kyq + Kpr + Koy, similar to labor: Leyy = Lyg + L.

Full single-sector multivariate model in general
form [2; 3]:

kp' = iin + i — (dpr + n)kpyr,
kgor' = g — (dgoy + n)kgoy + tx,
m' = sAkpr‘)‘kgm,BhVnN‘/J —(g+nm+ig+ i)

N h* = Bk,,"l — nh,
where k. — capital intensity of the private sector, d;,, —
amortization rate of private capital, n — average growth
rate of the employed labor force, i;,, — domestic
investment per unit of labor, iy — foreign investment per
unit of labor, kg, — capital intensity of the public sector,
g — taxes per unit of labor, dg,,, — depreciation ratio for
public capital, tx — net government international
transfers, m — total savings per unit of labor, s — savings
rate, ny — land factor per unit of labor, i,,, — external
investment per unit of labor.

For a multisectoral modification, the formula for

the derivative of total savings per unit of labor is as
follows:

(4)

m

Lq
_ gr al B1 12 1
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a3 B3 y3 3
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- (g +nm+ iin + iout)' (5)

The labor factor, or labor force, is one of the key
elements of economic growth. The labor force ensures
productivity in all sectors of the economy by creating
goods and services. The growth of the working-age
population contributes to the increase in the country's
production capacity, which can stimulate economic
growth.

The amount of labor in an economy is determined
by many demographic and social factors, including
births, deaths, and migration. High fertility rates ensure
long-term replenishment of the labor force, although
their impact becomes noticeable only decades later,
when the new generation reaches working age. Low
mortality, especially among the working-age
population, helps to maintain a stable labor force.

Migration also plays a key role: immigration can
increase the number of workers in a country,
compensating for demographic decline, while
emigration, on the contrary, reduces the labor force,
which is often a challenge for countries with low birth
rates. All of these factors interact to shape the labor
force dynamics in each individual economy.

In the considered model (4), in addition to the
production function, the labor factor is present in the
main system of equations in the form of the coefficient
n, which corresponds to the average growth rate of labor
L. In the form of a formula, this can be written as:

= (6),
where dL/dt — growth of labor (labor force) in the
period t. Assuming that the unemployment rate is
constant, i.e. e = const, then this coefficient can be
written using the population indicator P as:

dp/dt

== ().

To model population dynamics in the country, it is
proposed to use the Verhulst model [4]. The Verhulst
model, also known as the logistic equation, has
significant advantages for modeling population
dynamics because it takes into account the limited
resources and shows how the population approaches its
ecological maximum (carrying capacity). Unlike
exponential models, which assume unlimited growth,
the logistic model realistically reflects slowing growth
rates due to competition for resources such as food,
water, housing, and jobs. This makes it particularly
useful for analyzing demographic processes in a
country's economy, as it allows to assess the impact of
population overcrowding and predict the consequences
for economic development. In addition, the model is
easy to implement and interpret, making it a convenient
tool for long-term planning..

In general, the Verhulst model looks like this:

dp

G =P, )

where r — population growth rate, K, — specific capacity
of the environmental niche. Taking into account that
population growth depends on birth and death rates, as
well as the fact that the model does not take into account
migration processes, it is proposed to modify expression
(8) as follows:

dp P (a—b)P?
- = (M —1a)P (1 - K_e) t ©)
where a — immigration rate, b — emigration rate.
—b)P? . S
Q= (aK—)P — population growth due to migration
e

processes, 13, — birth rate, r; — mortality rate.

By integrating equation (9), we can obtain the
solution of the logistic equation with the migration
factor, which is as follows:

_ eTbTdp K,
P - —PO((rb—Td)—(a—b))(l—e(rb_rd)t) K s (10)
The

rp=rq)
where P, — initial value of the population size.
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In model (4), we use equation:

P (a-b)P
n=-r)(1-%)+ : (11)
Ke Ke

Unemployment is an economic condition in which
a part of the working-age population cannot find a job,
although they are actively looking for one. It is one of
the key indicators of a country's economic health,
reflecting the level of labor utilization. Unemployment
leads to lower incomes, weaker consumer demand, and
losses for the economy due to unused production
potential.

The main causes of unemployment are structural
changes in the economy, technological progress,
economic crises, and seasonal fluctuations. According
to these reasons, there are several types of
unemployment. Frictional unemployment occurs when
people change jobs or look for their first job. Structural
unemployment is associated with a mismatch between
the skills of workers and the requirements of the labor
market. Seasonal unemployment is typical for industries
with periodic employment, such as agriculture or
tourism. Cyclical unemployment is caused by general
economic downturns, when demand for goods and
services decreases, leading to job losses.

Cyclical unemployment is closely related to the
phases of the economic cycle. During periods of
recession or downturn, unemployment rises due to
reduced production and lower investment as companies
are forced to lay off workers due to falling demand. On
the contrary, during an economic recovery, unemploy-
ment falls due to the creation of new jobs and increased
consumer demand. This cyclicality requires active
government intervention through monetary and fiscal
policy to mitigate economic fluctuations and stabilize
the labor market.

To take into account complex cycles, we use the
modified Theil-Wage model [5-6] of the form:

yt+h|t = (It + hbe)Stin+(k+1)
ly =a(ye/se) + (1 —a)(le—q + be_q)
by =Bl —li—1) + (1 = B)be—4
St = St1-m1 * St2-m2 * - * Stn—mn»
Ser = V1 e/ U1 + be—1)) + (L = ¥1)Se1—m1
St2 = V2(Ve/ (i1 + be—1)Se1) + (1 = ¥2)St2-ma

Stn = YnWe/ (-1 + be—1)Se1 * % Sgn) +

+ (1 - Vn)stn—mn’ (12)
where [, — time series level equation, b;— trend
equation,  S¢q,S¢2, -, Sen —  seasonality/cyclicity
equations, coefficients a, S Ta yyq,¥2, ..., ¥Yn are the
degrees of smoothing of the time series, trend and
seasonality/cyclicity, respectively, which can take
values from 0 to 1, my,m,,..,m, — duration of
seasonality periods.

To account for cycles, we need to adjust the value
of n by the resulting composite seasonal component s
and trend component b;:

P\ , (a-b)P
n = bs;[(rp —14) (1 — K_e) 4220

= a3
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Similarly, we modify the Solow [7-9], Ramsey-
Cass-Koopmans [10-12], and Mankiw-Romer-Weil
models [13].

The prerequisites of Solow's model [7-9] are
capital intensity, kK = K/L is not a constant, as in
Keynesian models, but varies depending on the
macroeconomic situation in the country, the price of
goods, services and resources is set by the market
mechanism, the growth rate of labor resources is equal
to the average growth rate of the population, but the
dynamism of wages is not taken into account; there is a
hypothesis that population growth and technical
progress are absent at the initial stage; the rates of
saving, depreciation, technical progress, capital and
labor elasticities, and population growth are constants,
although they change over time. Finally, the Solow
equation [7-9] takes the form:

k* =sAk* — (d +n)k, ky = k(ty). (14)

The Ramsey-Cass-Koopmans model [10-12] has
similar preconditions and production function to the
Solow model, except for the exogeneity of the rate of

accumulation. Then the equation of the Solow model
takes the form:

k*=Ak® —c—(d+n)k, ko=k(ty). (15

The Mankiw-Romer-Weil model [13] is a
modification of the Solow model with the addition of
human capital (H) to the model, and the basic equation
becomes a two-dimensional system and is modified to
look like:

k* = s  Ak“hP — (d + n)k, ko = k(t,),

h* = s,Ak*hP — (d + n)h, hy = h(t,), (16)
where s;, — rate of accumulation of physical capital, a
Sp- rate of human capital accumulation.

Modeling results and discussion. Thus, with the
theoretical basis and methodology in place, we turn to
an empirical analysis of the impact of demographic
change on economic growth. Using economic growth
models, we will assess how changes in fertility,
mortality, and population structure correlate with the
dynamics of capital in the economy. To do this, we will
conduct an analysis based on real data, compare the
accuracy of different model specifications, and
determine which factors play a key role in explaining
economic development.

The modeling was based on World Bank statistics
[14]. The total sample covered 150 countries out of 217
available (see Fig. 1), and the analysis excluded
observations that contained incomplete or missing data
necessary for modeling. The study period was chosen to
be as long as possible, which allowed us to assess the
impact of demographic changes on economic growth in
different time intervals and to investigate how the length
of the observation period affects the modeling results.

To assess the accuracy of the modeling, a wide
range of metrics were used, including the coefficient of
determination (R?), mean absolute error (MAE), mean
square error (MSE), root mean square error (RMSE),
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Fig. 1. Countries used in the study

mean relative error (MRE), mean square logarithmic
error (MSLE) and its root (RMSLE). This approach
provides a comprehensive evaluation of models:

= The coefficient of determination (R?) allows you
to determine how much of the variation in the dependent
variable is explained by the model.

* MAE and MSE provide an indication of the
average error, but MSE penalizes large deviations more.

= RMSE simplifies the interpretation of MSE
because it preserves the units of the variable.

= MRE provides a scale-independent comparison
of errors between different models and samples.

= MSLE and RMSLE are especially useful when
modeling exponentially varying data because they
reduce the impact of large values and emphasize relative
erTors.

The use of such a diverse set of metrics allows for
a more balanced assessment of model quality, taking
into account both absolute and relative errors, and

ensures that the analysis is robust to different data
scales.

First, we will analyze general trends and consider
how the statistical quality of the models varies
depending on the choice of variables, the observation
period, and the estimation method. This will allow us to
identify the main patterns and assess the stability of the
results. After that, we will move on to a more detailed
analysis of individual cases, compare model predictions
for different groups of countries, and assess possible
reasons for deviations in the results.

At the first stage, we analyze the dynamics of
model quality metrics to assess how their accuracy
varies depending on the sample, observation period, and
modeling parameters. In particular, we consider the
trends in the coefficient of determination (R?) to
determine the explanatory power of the models, as well
as the estimates of MAE, MSE, RMSE, MRE, MSLE,
and RMSLE errors (Fig. 2).

© increase metric ® decrease metric

100%

50%

0%

Determination
coeficient

MSLE

RMSLE

MRE MAE MSE

RMSE

Fig. 2. Dynamics of quality metrics of economic growth models

The analysis has shown that the use of dynamic
indicators of demographic development, in particular
variables that take into account changes in the structure
of the population and its growth, significantly improves
the quality of the models. In particular, the coefficient

of determination (R?) increased in 68% of cases
compared to models that used a static population growth
rate, which indicates an increase in the explanatory
power of the models (Fig. 2).
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In addition, other accuracy metrics decreased in
52% to 68% of cases (Fig. 2). This indicates that in most
cases, models with dynamic demographic variables
demonstrate not only better explanatory power, but also
reduce average forecast errors. This trend confirms the

100%

50%

0%

Solow Ramsey Cass Koopmans

100%

50%

0%

Solow Ramsey Cass Koopmans

Mankiv Romer Weil

Mankiv Romer Weil

importance of taking into account changes in
demographic characteristics over time to build more
accurate models.

Next, let us consider the results in terms of
economic growth models (Fig. 3).

© mcrease metric ® decrease metric a)

Multisectoral Monosectoral

Multisectoral

Monosectoral

Fig. 3. Dynamics of metrics based on the average error (a)
and coefficient of determination (b) in the context of economic growth models

The analysis showed that taking into account
dynamic changes in population growth significantly
improves the quality of economic growth models. In
particular, the accuracy of classical one-dimensional
models, such as the Solow model and the Ramsey-Cass-
Koopmans model, increased in 52% of cases (Fig. 3),
which indicates a certain improvement in their
explanatory power even in the simplest version.

The more complex two-dimensional Mankiw-
Romer-Weil model, which takes into account human
capital as an additional factor along with physical
capital, demonstrated an even higher increase in
quality — in 57% of cases (Fig. 3). This confirms the
hypothesis that supplementing traditional models with
new factors contributes to a better reflection of
economic reality.

The greatest improvement was observed in the case
of multivariate models that include additional
demographic, social, and economic variables. Their
quality increased in 63% of cases (Fig. 3) after replacing
the static population growth rate with a dynamic
formula.

The improvement in the quality of economic
growth models is most significant in the short term,
particularly over the last 10-20 years, where in 73% of
cases models with a dynamic population growth rate
demonstrate higher accuracy than the traditional static
approach (Fig. 4a). This may be due to the fact that in
the short term, demographic changes have a more
predictable and direct impact on economic processes, as
structural transformations, such as urbanization,
educational reforms, or migration flows, manifest
themselves more quickly.

However, with the increase of the period duration
to 60 years, the positive effect of taking into account the
dynamic growth rate gradually decreases, and the
improvement of the quality of the models is observed in
64% of cases (Fig. 4a). This can be explained by the fact
that in the long run, economic growth is influenced by a
greater number of factors, such as technological
changes, political transformations, wars, crises, and
structural shifts in the global economy. These factors
can offset the impact of demographic dynamics or make
it less pronounced.

The improvement in the quality of economic
growth models as a result of replacing the static
population growth rate with a dynamic one is most
pronounced for underdeveloped countries — in 73% of
cases (Fig. 4b, 4c). This may be due to the fact that
demographic changes in such countries play a key role
in shaping economic dynamics. High fertility rates,
young age of the population, and rapid changes in the
structure of the labor force have a significant impact on
consumption, investment, and human capital formation.
As these economies are less diversified and more
dependent on basic macroeconomic factors, their
inclusion in a dynamic format can significantly improve
the accuracy of the models.

For developed countries, the quality of models has
also improved, but to a lesser extent — in 67% of cases
(Fig. 4b, 4c). This is because the economies of highly
developed countries are more stable and less dependent
on demographic changes in the short and medium term.
In these countries, population growth is often low or
even negative, and economic growth is largely
determined by factors of innovation, technological
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progress, institutional quality, and global economic
integration. Accordingly, the impact of demographic
change is less significant, which explains the lower

© increase metric ® decrease metric
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0% 50%

0%
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increase  in  model
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accuracy  compared  to

a)

Middle East Sub-Saharan Europe & North Latin South Asia  East Asia &
& North Africa Central Asia  America  America & Pacific
Africa Caribbean

Fig. 4. Dynamics of the coefficient of determination by the length of the modeling period (a),
groups of countries by income level (b), and geographical location (c)

The dynamics of RMSLE fully confirms the
conclusions drawn earlier about the impact of the
dynamic population growth rate on the quality of
models (Fig. 5). According to RMSLE, models that use
the dynamic population growth rate become more
accurate in 55% of cases. This improvement is
particularly noticeable in the short and medium term
modeling periods, where demographic changes have a
more pronounced impact on economic growth, and thus
the dynamic coefficient is able to more accurately reflect
these changes.

In highly developed countries, this effect is even
more pronounced: the accuracy of models with a
dynamic coefficient increases in 59% of cases (Fig. 5b,
5¢). This is because in such countries, demographic
changes may be smaller, but they are still important for
economic forecasting, especially in conditions of stable
growth or slowing population growth. In these
countries, changes in population size and age structure
can have a major impact on labor needs, consumer
demand, and investment flows, making dynamic models
more effective for forecasting.

« increase metric o decrease metric
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income
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c)

North
America

EastAsia& Middle East Europe &  Sub-Saharan Latin
Pacific & North  Central Asia Africa America &
Africa Caribbean

South Asia

Fig. 5. Dynamics of the RMSLE metric by the length of the modeling period (a),
country groups by income level (b), and geographic location (c)

Despite the fact that in underdeveloped countries
demographic changes are often more significant and can
have a greater impact on economic development, the

improvement in model accuracy by using the dynamic
coefficient is observed in 55% of cases (Fig. 5b, 5c),
which is also a significant result. This confirms that
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although dynamic factors play an important role in such
countries, other economic and social factors, such as
political ~ conditions, investment levels, and
infrastructure development, also have a major impact on
the predictive accuracy of the models..

® Average of dynamic @ Average of static

10 20 30
1.5 15

1.0 1,0

0,5
0,5

00
0,0

Low income Lower middle Upper middle High income

income income

Middle East Sub-Saharan Latin
& North
Africa

Next, let's compare the absolute values of the
model quality metrics, in particular, using RMSLE

(Fig. 6).

40 50 60

North
America

East Asia &
Pacific

South Asia  Europe &

Africa America & Central Asia

Caribbean

Fig. 6. RMSLE by the length of the modeling period (a), country groups by income level (b),
and geographic location (c) for one-dimensional/ two-dimensional models.

For the period from 20 to 40 years, when using a
static coefficient for the Solow, Ramsey-Cass-
Koopmans, and Mankiw-Romer-Weil models, the
RMSLE decreases (Fig. 6a) compared to periods longer
than 40 years, where the situation is reversed. This may
indicate, on the one hand, that in this period dynamic
changes in fertility or mortality are less pronounced, and
models with a constant coefficient are better at

conditions, and complicating the model with additional
calculations makes it less stable. And on the other hand,
that the size of the error is more influenced by unrealistic
model limitations that become critical in the long run.
At the same time, for multivariate models that take
into account not only demographic but also economic
and other factors, the use of a dynamic coefficient leads
to a consistently lower error at any time interval (Fig. 7).

predicting economic trends in stable demographic

® Average of dynamic @ Average of static a)

1.4 e e S M

1,3

05

0.0 Middle East Sub-Saharan South Asia  Europe & Latin East Asia & North
Lowincome Lowernuddle Uppermiddle High income & North Africa Central Asia America & Pacific America
ncome income Afiica Caribbean

Fig. 7. RMSLE by the length of the modeling period (a), country groups by income level (b),
and geographic location (c) for multivariate models

economic growth. Dynamic coefficients in such models
allow for a better reflection of real changes in the
structure of the population and economic processes,

This is because multivariate models are able to
more accurately capture the complex relationships
between different variables and their impact on
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which leads to a reduction in forecast errors over
different time horizons. Therefore, it can be concluded
that the main problem with Fig. 6 is precisely the
limitations of the models that were studied.

For multivariate models, the particular increase in
quality after the introduction of the dynamic population
growth rate, which is reflected in the metrics as the

coefficient of determination, MSE, MAE, and RMSE
(Fig. 8,9), is largely due to the improvement in accuracy
due to the inclusion of the components of total savings
and human capital. This can be explained by several
factors related to the importance of these components
for overall economic development and the impact of
dynamic changes on economic processes.

® Average of dynamic @ Average of static

0.4

a)

—p—a—— 2
0.2
0.0 e
’ o—t—t —— ot

10 20 30 40 50 60
0,4 b)
0,3
0,2
0,1
0,0

10 20 30 40 50 60

n

Fig. 8. The coefficient of determination by the length of the modeling period
for the human capital equation (a) and total savings (b)

® Average of dynamic @ Average of static

10 20 30

40 50 60
n

Fig. 9. RMSE by the length of the modeling period for the human capital equation (a), total savings (b)

Next, let's compare models with static and dynamic
population growth rates (n) on the example of Ukraine's
economy for the period from 1991 to 2021 (Fig. 10, 11).
This period is particularly important for the analysis, as
it covers significant transformations in the country's
economic and demographic development, including the
transition from a planned to a market economy, as well
as major economic, social, and political changes
associated with the collapse of the USSR, the crises of
the 1990s, reforms, and globalization processes.

Statistical analysis of the Solow models using
static and dynamic population growth rates shows that
both approaches have similar results, but with some
differences in error and accuracy characteristics
(Fig. 10). The model with the dynamic coefficient
demonstrated a lower average absolute error, which
indicates better accuracy of predictions in the context of
real economic conditions, in particular, changes in
demographic factors over time. This model has the
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Fig. 10. Growth of capital intensity for the Ukrainian economy according to the Solow model
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Fig. 11. Growth of the capital intensity of the private sector (a), public sector (b), human capital (c),
and total savings (d) for the Ukrainian economy according to a single-sector multidimensional model

ability to adapt to changes in population growth rates,
taking into account changes in its structure, which
makes forecasts more consistent with real-world
scenarios.

Looking at the multidimensional model, in the
context of analyzing the capital intensity of the public
and private sectors, the models for both sectors are
almost identical in their basic structure. The dynamic
population model becomes more adapted to the actual
development trajectory for human capital and aggregate
savings (Fig. 11), as it is able to integrate changes in
demographic indicators that have a direct impact on
these economic components. One of the main aspects
that makes such a model more flexible is its ability to
take into account not a constant population growth, but
migration, fertility and mortality rates that change over
time.

Conclusions. As a result of the study, several
important conclusions can be drawn about the impact of
demographic factors on economic growth using

computer models that include a static or dynamic
population growth rate.

First, the use of a dynamic coefficient instead of a
static one significantly improves the accuracy of
economic growth models, in particular, this is most
evident for human capital and aggregate savings in
multivariate models. This allows for a better reflection
of real changes in the size and structure of the
population, which directly affect labor productivity,
investment  potential, and overall economic
development of the country.

Second, multidimensional models that include not
only capital but also other factors show a more
significant increase in quality, in particular due to
adaptation to dynamic changes in population. This is
confirmed by better indicators of quality metrics, and as
a result, allow for more accurate forecasting of
economic growth in a changing demographic situation.

Third, a study using real data showed that the
greatest improvements in model quality occur for low-
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development countries, where demographic change has ~ for more accurate analysis and forecasting of economic
the greatest impact on economic growth. growth, especially in the context of countries where

Thus, the use of dynamic models that take into  demographic factors can significantly affect economic
account demographic changes is a promising approach  processes.
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Kouasina 10., Ilo3nsak C. BipryanbHi cuenapii femorpadiuHoro BijiuBy Ha eKOHOMiYHe 3pOCTAHHS

Ha mizxcraBi pi3HOMaHITHUX KOMIT'IOTEpHHX Mofenell (KIaCHYHMX OJXHOBHUMIPHHX Ta aBTOPCHKUX 0araTOBHMIPHHX — CHCTEM
PIBHSIHB) HEJIIHIHHOT €KOHOMIYHOT AUHAMIKH JTOCHIIIKYEThCS leMorpadidyHMil BIUTMB Ha CIieHapil 3pocTy eKOHOMIKH, aje 3a HassBHOCTI
JUHAMIYHOI Mozaudikarii CTaTHYHOTrO, SK IMpPaBWIO, Koe(illieHTa MPUPOCTY HACENEHHs CycniuibcTBAa. OCHOBHOIO LULTIO CTATTi €
TpaHchopmarlis geMorpadiqHOro BIUIMBY 3 BHKOPUCTaHHS CTAaTHYHOTO Koe(ili€HTa 3pOCTAaHHS HACENICHHS B IWHAMIUHMH, JUIS
JIOCSITHEHHS sIK01 OyJ10 3acTOCOBaHO MOoJieb DepXrobeTa, KOTpa H03BOJISE OLIBII TOYHO BPaXyBaTH 3MiHH B UHCEIBHOCTI Ta CTPYKTYpi
HACeJICHHS TIPOTATOM IIEBHOTO dacy. JloCHimKeHHs IIPOBOAMIOCH Ha pealbHUX JaHuX 150 kpaiH CBiTy, OXOILIIOIOYM pi3HI eramu
€KOHOMIYHOTO PO3BHTKY, COIiaTbHO-eKOHOMIUHI yMOBH Ta AeMorpadidHi XapakTepHCTHKU. BUKOpUCTaHO PAI METPHUK JUIS OLIHKH
TOYHOCTI MojeneH, 30kpema koedimieHt aerepminanii, MAE, MRE, MSE, RMSE, MSLE ta RMSLE. Pe3ynsraTt TOpiBHSHHS X
METPUK JO3BOJIOTH 3pOOUTH BHCHOBKH NPO €(EKTUBHICTH 3aCTOCYBAHHS AWHAMIYHOTO KOe(]ili€HTa 3pOCTaHHS HACEIEHHS,
MOJIENIOI0YN €KOHOMIYHE 3pOCTaHHs CycIiIbcTBa. CTaTTS HAOYHO AEMOHCTPYE, IO 3raAyBaHHN BUIE JUHAMIYHHHN IiJXiX TO3BOISIE
3HAYHO MiIBHUIIMTH TOYHICTH NPOTHO3IB i1 Kpalle BifoOpakae peabHy TPAa€eKTOPII0 PO3BUTKY €KOHOMIK pi3HHX KpaiH, 30KpeMa B
YMOBaX 3MiHIOBaHOTO JeMOrpagigHOro GoHy.

Kniouosi crosa: eKOHOMIUHE 3pOCTaHHS, MOAENI EKOHOMIYHOTO 3pOCTaHHs, AeMorpadis, Mirpamis, TPUPOAHHN NPHPICT
HACEJICHHS.

Kolyada Yu., Poznyak S. Virtual Scenarios of Demographic Impact on Economic Growth

On the basis of various computer models (classical one-dimensional and author's multidimensional — systems of equations) of
nonlinear economic dynamics, the demographic impact on economic growth scenarios is studied, but in the presence of a dynamic
modification of the static, as a rule, population growth rate of society. The main objective of the article is to transform the demographic
impact from the use of a static population growth rate to a dynamic one, for which purpose the author used the Verhulst model, which
allows for a more accurate accounting of changes in the size and structure of the population over time. The study was conducted on
real data from 150 countries, covering different stages of economic development, socioeconomic conditions and demographic
characteristics. A number of metrics were used to evaluate the accuracy of the models, including the coefficient of determination,
MAE, MRE, MSE, RMSE, MSLE, and RMSLE. The results of comparing these metrics allow us to draw conclusions about the
effectiveness of using the dynamic population growth rate in modeling the economic growth of society. The article clearly demonstrates
that the aforementioned dynamic approach can significantly improve the accuracy of forecasts and better reflects the real trajectory of
the economies of different countries, in particular in the context of a changing demographic background.

Keywords: economic growth, models of economic growth, demography, migration, natural population growth.
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