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The article examines the current state and future trends of poverty in
Ukraine. The main factors contributing to poverty in Ukraine and their impact on
the life of the population have been studied. To identify the dependence between
indicators, a correlation analysis was performed with the visualization of the
correlation matrix. The use of the correlation matrix in the article made it possible
to effectively identify and analyze the relationships between the main economic
indicators, such as GDP, private consumption and government spending, and the
level of poverty in Ukraine. This made it possible to assess the strength and
direction of the influence of each of the indicators on the poverty level, which
contributed to the formation of more accurate predictive models. Determining the
key factors that have a significant impact on poverty will allow for the
development of targeted recommendations for social and economic policy and
identify potential problem areas in the social protection system.

A forecast of the level of poverty in Ukraine was made based on various
models (Drift, Mean, Naive and Trend), as well as mathematical modeling was
carried out to assess the impact of various economic indicators on the level of
poverty and forecasts of future changes were made. The models were evaluated
using statistics such as mean square error (MSE), root mean square error
(RMSE), mean absolute error (MAE), mean relative error (MPE), mean absolute
percentage error (MAPE), mean absolute scaled error (MASE) and root mean
square standardized error (RMSSE). This made it possible to accurately predict
trends and develop measures to prevent the growth of poverty. Time series
analysis has helped identify long-term trends and seasonal fluctuations, which are
important for predicting future changes. Forecasting the poverty level based on
different models showed high uncertainty. The Naive and Mean models showed
relatively better prediction accuracy. However, the Naive model was the best
because of its smaller relative error (MAPE). In general, data from the World
Bank indicate significant challenges for Ukraine related to the war and economic

instability.



The results of the study emphasize the importance of developing
comprehensive socio-economic reforms and targeted policies aimed at reducing

the level of poverty in Ukraine.

YV cmammi poszensioaemvcs cyuacnuii cman ma ManOymHi meHOeHyii
oionocmi 6 Ykpaini. /locniodceno ocHo8Hi pakmopu, wjo cnpusroms 6iOHOCMI 8
Ykpaini, ma ix eniue na osicumms nacenenus. [nsa 8usAGIeHHS 3AN€HCHOCMI MIdHC
NOKA3ZHUKAMU, NPOBEOeHUll KOPeNAYIUHUL aHali3 3 GI3yani3ayicio KopensayitiHol
mampuyi. Bukopucmanus xopenayiunoi mampuyi 6 cmammi  00380]UNO
ehekmusHo uAGuUMU MA NPOAHANIZYEAMU 63AEMO3B'A3KU MINC OCHOBHUMU
EKOHOMIYHUMU NOKA3HUKamu, maxkumu ax BBII, npueamwue cnooxcusanus ma
ypa0o0si eumpamu, i pienem o6ionocmi 8 Yxpaiui. Lle dano 3moey oyinumu cuiny ma
HanpsiMoOK 6NJIUBY KOMCHO20 3 MNOKA3HUKI@ HA piGeHb OIOHOCMI, WO CRPUsILO
GDOPMYBAHHIO MOUHIUUX NPOSHOZHUX MoOdelel. Busnauenus Kouosux gaxmopis,
Wo Mawomev 3HAYHUU 6NAUE HA OIOHICMb, 003801UMb PO3POOUMU  YiNbOSI
peKkomenoayii 01 CcoyianlbHO-eKOHOMIYHOI NONIMUKU Ma GUAGUMU NOMEHYIHI
npooAeMHI 30HU 8 CUCTEMI COYIAIbHO20 3aXUCH).

Bukonanuii npoenos pigna 6ionocmi 6 Ykpaini na ocHogi pizHux mooerell
(Drift, Mean, Naive ma Trend), a maxooic 30iticHeHO MameMamuyre MOOen08aAHHS]
0151 OYIHKU 6NAUBY PIZHUX EKOHOMIYHUX HNOKA3HUKIE HA pieeHb OIiOHOCmMI ma
CMBOPEHO NPOSHO3U W00 Maubymuix 3min. Mooeni oyineno 3a 00NOMO20H0
CMAMUCMUYHUX NOKA3HUKIB, MAKUX 5K cepeons keaopamuuna noxuboka (MSE),
KOpiHb cepedHbokeaopamuyunoi nomuiku (RMSE), cepedns abconromua noxuodxa
(MAE), cepeous eionocna nomunka (MPE), cepeous abcomomna noxubka y
giocomkax (MAPE), cepeone abcontomne eioxunennss (MASE) i kopinb
cepednvoxsadpamuynoi cmanoapmuszosanoi nomuaku (RMSSE). Ile 0o3zsonuno
mouHo nepedbauumu menoeHyii ma po3pobumu 3axoo0u O 3anoOieaHHs
3pocmanuio O6ioHocmi. AHaniz 4acosux psoie 0onomic GUABUMU 00820CHPOKOBI

MeHOeHYii Mma Ce30HHI KONUBAHHA, WO € BANCIUBUMU Ol NPOSHO3VBAHHS



mauoymuix 3min. Ilpoenosyeanus pieHs 0OIOHOCMI HA OCHOBI PI3HUX MoOeel
noKa3ano 8UcoKy HesusHauyenicmo. Moodeni Naive ma Mean nokazanu 6i0HOCHO
Kpawy moyHicms npocHo3sis. [lpome, mooenv Naive susgunacs Haukpaujoro uepes
it menwty gionocny nomunxy (MAPE). B yinomy, oani Ceimogoeo b6anxy ceiouamo
npo 3HA4HI BUKIUKU Oa YKpainu, nos'szani 3 6iliHOIO mMa eKOHOMIYHOIO
HecmabilbHiCMIO.

Pesynomamu  docnioocenus — niokpecurowms — 8aMCIUGICMb  PO3POOKU
KOMNJIEKCHUX COYIANIbHO-eKOHOMIUHUX pedopm [ YinecnpsamosaHux noaimuk,

CNPAMOBAHUX HA 3HUIICEHHS PIHS OIOHOCMI 8 YKpaiHi.

Keywords: poverty, economic indicators, correlation matrix, forecasting,
time series, trend.
Knrwouoei cnosa: 6ionicmv, eKOHOMIUHI NOKA3HUKU, KOPETAYIUHA MAMPUY,

NPOSHO3Y8AHHS, YACOBULL PSIO, MPEHO.

Statement of the problem in general terms and its connection with
important scientific or practical tasks. In the light of current global challenges
and unfavorable events, it is important to focus on the problem of poverty, which
lately has become more relevant. Growing instability and economic difficulties
demonstrate the need for research and modeling of poverty, particularly in the
context of Ukraine. The war has a significant impact on the economy and social
situation, increasing the need for balanced and effective poverty reduction
strategies.

From a scientific point of view, poverty research helps to understand the
mechanisms of social inequality, identify the main factors, which affect the
economic well-being of citizens, and develop theoretical models for forecasting
and managing Socio-economic processes.

The research’s relevance lies in several key factors. First, poverty remains

one of the most serious global problems affecting billions of people, which creates



barriers to development, education, health, and general well-being. Secondly, it is
central to the UN Sustainable Development Goals, which seek to eradicate poverty
in all its forms by 2030. Thirdly, poverty is closely related to other socio-economic
indicators, such as unemployment, inflation, and income inequality, which makes
it necessary to study this subject in depth. Modern methods of mathematical
modeling make it possible to obtain accurate forecasts and develop effective
strategies to combat poverty. Forecasting results are crucial for taking informed
decisions by governments, international organizations, and charity foundations,
which makes this research especially important in the light of current economic
events.

Analysis of recent research and publications. Among the domestic scientists
who have studied the level of poverty in Ukraine are: Petrushyna T.O., Pavliuk T.I.,
Novak I.G.; among foreign scientists - Hall O., Dompe F., Wahab 1., Mavunho Janku
F. A. Significant contribution to solving the problem of analyzing the level of poverty
by means of mathematical modeling was made by such authors as: Oduwole G. K.,
Shehu S. L., Agbata B. S., Msuur S., Jeremiah A., Jane O. O.

However, given the ongoing economic, political, and institutional
transformations that significantly affect the level of unemployment, the study of
this problem remains relevant and requires further research.

Formulation of the goals of the article. The purpose of the article is to
analyze and forecast the level of poverty in Ukraine using mathematical modeling
methods in order to identify its dynamics, main causes and factors of influence.

Presentation of the main research material. In order to analyze poverty, the
database of macro indicators for Ukraine from the World Bank data for 2015 to 2023
was selected, namely year (Year), poverty rate (change) (Poverty), real GDP growth
(GDP), private consumption (Private), government spending (Government), gross
fixed investment (Gross), exports of goods and services (Exports), imports of goods
and services (Imports), inflation (Inflation), value added in the following sectors:

Agriculture, Industry, Services, current account balance (% of GDP), net direct



investment from abroad (% of GDP), fiscal balance (% of GDP), revenues (% of
GDP), debt (% of GDP), primary balance (% of GDP).

The graph of the variables' dynamics by year (Figure 1) shows how

selected economic indicators changed from 2016 to 2022. It can be seen that the

majority of indicators significant fluctuated, especially in the period from 2022,

when a full-scale war in Ukraine began. It has affected such indicators as GDP,

exports, imports, and poverty rates. The sharp changes in 2022, in particular,

reflect the impact of the war on the economic situation in the country.
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Fig. 1. Dynamics of variables by years.
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Source: developed by the authors based on [1].

To identify the dependence between the indicators, a correlation analysis

was conducted with the visualization of the correlation matrix, using the calculated

Pearson correlation coefficient according to the formula:

nxyX;xY; —XX;xXY;

r =

\/[n*ZXiz —(ZX) ]+ =XV — (V) ?]

where X; and Y; - the quantitative indicators to be compared;

n - the number of data (observations).

1)



The correlation analysis shows a correlation between poverty and GDP of
-0.836, which indicates a strong inverse relationship. That is, as GDP increases,
the poverty rate decreases. Similarly, the correlation between poverty and private
consumption is -0.845, which also indicates a strong inverse relationship: an
increase in private consumption is associated with a decrease in poverty. In the
case of government expenditure, the correlation with poverty is 0.795, indicating a
direct relationship: as government expenditure increases, poverty increases.

The correlation matrix provides a clearer representation of the

relationships. (Figure 2).
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Fig. 2. Correlation matrix

Source: compiled by the authors

After analyzing the correlation between GDP and other variables, it is
noticeable that GDP has a strong positive relationship with private consumption
(0.934), exports (0.952), and industry (0.986). It can be said that GDP growth is
accompanied by an increase in private consumption, exports, and industrial

activity.



As regards the correlation between private consumption and other indicators,
private consumption is highly correlated with exports (0.896), imports (0.851), and
services (0.926). This indicates that an increase in private consumption is
associated with an increase in exports, imports, and services.

Government spending has a strong inverse correlation with many economic
indicators, including GDP (-0.882), private consumption (-0.712), exports (-
0.897), and industry (-0.861). Inflation has a strong inverse relationship with
private consumption (-0.797) and GDP (-0.567).

Overall, we have identified the macro indicators that have the greatest impact
on poverty in Ukraine, namely GDP, private consumption, and government
spending.

Having selected the indicators with the greatest impact, a graph of their
dynamics from 2015 to 2023 and the World Bank's projected data through 2026
was built (Figure 3).

After the beginning of a full-scale war in Ukraine in 2022, economic
indicators have undergone significant changes. In 2022, GDP, private
consumption, and exports plummeted, reflecting the severe economic disruption
caused by the war. This decline can be attributed to the destruction of

infrastructure, reduced production, and disruption of trade routes.
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Fig. 3. Graph of macroeconomic indicators dynamics through 2026.

Source: compiled by the authors



According to the World Bank's forecasts, a gradual recovery of economic
indicators will begin in 2023. After the fall exports show the sharpest fluctuations
and significant growth, which may indicate the resumption of trade relations and
stabilization of the economic situation. GDP and private consumption show a more
stable rehabilitation, indicating a gradual recovery of economic activity in the
country.

Since the war broke out in Ukraine, government spending has fluctuated
significantly. In particular, there is a sharp decline in 2022, likely due to the
military operations and economic instability. After that, spendings are projected to
gradually recover, which may indicate the government's efforts to stabilize the
economy and support recovery.

Thus, an attempt was made to build a poverty forecast for Ukraine based
on different models: Drift, Mean, Naive and Trend. Initial data is presented up to
2022, after which the forecasting for 2023-2026 starts.

The forecasts for 2023-2026 show different scenarios depending on the
model used. That is, the largest spread of forecasts is observed in the Drift and
Naive models, reflecting the greater uncertainty in these methods. The Mean
model predicts a more stable poverty rate, while the Trend model shows a gradual
decline in poverty. This is likely due to expectations of a gradual economic
recovery (Figure 4).

The prediction ranges, represented by the gray areas, show the levels of
uncertainty: dark gray areas represent 80% probability, and light gray areas - 95%
means probability. In the context of the unstable economic situation and the
current state of war, this emphasizes the high uncertainty of the forecasts.

Thus, analysis of the graph shows that, despite the overall recovery trend,

poverty remains high with a great degree of uncertainty about the future.



Jnouael

MporHoayBaHHs GigHOCTI ot
i

0.6 Mean
Naive
Trend
.— 0.4-
5
2 level
i=)
© — 80%
A SE—
Fo02- 95%
.o
D- S
Mopenb
0.0- Drift
Mean
20150 20175 20200 20225  2025.0 Naive
Pik Trend

Figure 4. Poverty level forecasting graph
Source: compiled by the authors
The graph (Figure 5) represents the STL decomposition for the poverty rate
in Ukraine for the period of 2015-2022. The decomposition shows not only the
total poverty rate, but also its trend, and the residuals, which demonstrates
unexplained variations.
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According to the top part of the graph, the overall poverty rate shows a
steady decline from 2015 to 2021, followed by a sharp increase in 2022.

The LOESS method is used to calculate the trend. LOESS (Locally
Estimated Scatterplot Smoothing) is a local regression smoothing method that

applies polynomial functions to local subsets of data:

T, = LOESS(y;, span) (2)

where T, - the trend component at time t;

span - a parameter that determines the width of the smoothing window.

The trend, in our case, repeats the behavior of the overall poverty rate, but
more smoothly. It shows a gradual decline up to 2020, followed by a slight
increase in 2021 and a sharp rise in 2022.

The residuals show short-term variations that are not explained by the trend
and fluctuate around zero line, indicating the presence of random factors that affect
the poverty rate. The sharp increase in the residuals in 2022 indicates an
unpredictable factor such as war.

To evaluate the model, we decided to split the data into training and test
data, and then run the model on the training data set and the forecast on the test
data set.

The results of the forecast accuracy evaluation show a comparison of the
four models: Drift, Mean, Naive, and Trend (Table 1). The main metrics include
mean error (ME), root mean square error (RMSE), mean absolute error (MAE),
mean relative error (MPE), mean absolute relative error (MAPE), mean absolute
deviation (MASE), and root mean square standard error (RMSSE).

Mean Error (ME) measures the average deviation of forecasted values from
actual values. It is an indicator that shows whether the forecasts are systematically

over or underestimated.



Table 1: Assessment of forecast accuracy

Ne | model | type MSE RMSE | MAE MPE MAPE
1 Drift Test | 0.0908 | 0.134 | 0.0908 | 55.2 55.2
2 Mean Test | 0.00693 | 0.0844 | 0.0768 | -40.1 74.8
3 Naive Test | 0.0513 | 0.0986 | 0.062 13.8 33.2
4 Trend | Test | 0.0941 0.137 | 0.0941 58.5 58.5

Source: compiled by the authors

Root Mean Squared Error (RMSE) measures the average error between
predicted and actual values, taking into account the squares of the deviations,
which allows to take into account larger errors more precisely strietly, since the
squares of the values increase faster.

The Mean Absolute Error (MAE) measures the average absolute deviation
of the predicted values from the actual values and shows the average error without
taking into account its direction.

Mean Percentage Error (MPE) measures the average relative deviation of
predicted values from actual values as a percentage. It shows how large the errors
are in relative terms.

Mean Absolute Percentage Error (MAPE) measures the average absolute
deviation of predicted values from actual values in percentage terms, which allows
you to assess the accuracy of the forecast regardless of the units of measurement.

The Drift model showed an average error of 0.0908, RMSE of 0.134, and
MAPE of 55.2%. Thus, the model tends to underestimate or overestimate poverty
with an average error of 0.0908 and a root mean square error of 0.134. The relative
error averages 55.2%.

The Mean model showed a significantly lower mean error of 0.00693 and
RMSE of 0.0844, but its MAPE is 74.8%, the model has better accuracy in
absolute values, but is not as effective in relative changes.



The Naive model has an average error of 0.0513, RMSE of 0.0986, and
MAPE of 33.2%. It showed better results in relative errors compared to other
models, in particular, Drift and Trend.

The Trend model has an average error of 0.0941, RMSE of 0.137, and
MAPE of 58.5%. It demonstrates similar results to the Drift model, but with
slightly worse performance.

Naive can be considered the best model because of its lower relative error
(MAPE), although Mean also shows good results in other metrics. Also, Mean is
more similar to the predicted values of macro indicators and their trends, but given
the war, this model is a rather optimistic option.

Conclusions and prospects for further research. The analysis of World
Bank data for the period from 2015 to 2026 showed that the poverty rate in
Ukraine has a strong inverse relationship with GDP and private consumption, as
well as a positive relationship with government spending and inflation. After the
outbreak of full-scale war in 2022, economic indicators experienced fluctuations,
leading to a significant increase of poverty in 2022. Forecasting based on different
models showed high uncertainty, which emphasizes the difficulty of predicting
future economic conditions. However, the Naive and Mean models demonstrated
relatively better forecast accuracy.

Prospects for further developments in this area include expanding the use
of modern technologies, such as satellite imagery, machine learning methods, and
Big Data, to improve the accuracy of forecasts and poverty analysis. Another
Important area is monitoring and evaluating the effectiveness of socioeconomic
policies, which will help identify the most effective measures and adjust strategies
to meet the real needs of the population. To develop regionally targeted support
programs it is necessary to run deeper regional research and detailed analysis of
poverty levels in different regions of Ukraine. Studying the impact of international
assistance will allow for better integration of international resources into anti-

poverty strategies.
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