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The issue of socio-economic development of regions is an acutely relevant topic for
Ukraine, therefore, understanding the precursors of crisis phenomena in the development
of regions would definitely contribute to both the economic and political goals of the
state. The purpose of the research was to find and determine statistical indicators-markers
of socio-political crises and unexpected conflicts in the regions of Ukraine, with the
indicators for the Donetsk region being singled out. The analysis of scientific literature
revealed certain methodological problems regarding the fundamental possibility of
forecasting extraordinary events and armed conflicts based on the data of past peacetime
events. But with certain assumptions, we made an attempt to identify atypical and
anomalous patterns of socio-economic indicators for the Donetsk region based on the
characteristics of time series. during the conditionally stable period of 2010-2021. The
conducted research showed that some statistical indicators of the socio-economic
development of the regions of Ukraine really acquired extreme values or had different
dynamics of time series. But there were also such statistical indicators, the meaning and
dynamics of which were logically included in the general outline of the socio-economic
development of the regions. Atypical and abnormal values in the Donetsk region. acquired
the following indicators: migration outflow of the population; average per capita income
and expenses, cyclical unemployment rate in the region. It is these characteristics of the
socio-economic development of the regions that can be considered statistical markers of
extraordinary events and socio-political crises. An attempt was made to present the time
series of the “unemployment rate” indicator using the additive moving average model
and exponentially smoothed according to the Holt-Winters model. Modeling the
“unemployment rate” indicator, we did not see its predicted extreme change, but a
significant gap with other regions of Ukraine remained. If we take into account the
indicator and dynamics of incomes and expenses of the population of the Donetsk region,
then the situation looks more critical and a certain dyad of regularities is observed:
business cuts jobs, and the population consumes less and supports business. Another
possibility is that economic operations in the Donetsk region were concealed, leading to
a higher degree of economic shadowing compared to other regions. And this already
indicates political distrust in the region towards the authorities and economic and legal
norms.

Keywords: socio-economic development, regions, indicators-markers, socio-political
crises, unexpected conflicts.
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Introduction and statement of the problem
The socio-economic development of Ukraine’s

regions is a highly relevant topic, particularly
considering the political context and national security
concerns. Disproportions and contradictions in the
socio-economic development of Ukraine’s regions
have become a breeding ground for unscrupulous
political manipulations and artificial separation of
society. Understanding the harbingers of crisis
phenomena in the development of regions would
definitely contribute to the economic and political
goals of the state.

International conflict statistics use the following
three categories: state armed conflict, non-state
conflict, and unilateral violence. The large-scale war
for the sovereignty of Ukraine, the complete destruction
of the Eastern regions, actualize the question: was it
possible in principle to foresee and predict such events,
and what markers of statistical observations could testify
to this. It is obvious that in the statistical information
of Ukraine there can be no hint of the plans and
aggressive actions of the aggressor country, therefore
the causes of military conflicts as such are not discussed
in this article. But every conflict, crisis, emergency or
force majeure event has a devastating socio-economic
continuation and consequences. Therefore, we focused
this study on the harbingers or indicators-markers of
such events.

Analysis and research of publications
Almost all currently known scientific methods

of socio-economic forecasting [1] are adaptive in their
essence and provide a vision of the future based on
the fact of already realized events and scenarios of the
past. Such a methodological approach is of great
importance and good performance for forecasting
routine events – processes, phenomena, scenarios with
regularly recurring fluctuations or cycles. On the other
hand, it is difficult to see the manifestation of
unforeseen events or force majeure circumstances using
this approach. Thus, with numerous detailed studies
of the economy of the regions of Ukraine, for example,
the socio-economic and political conflict that occurred
in 2014–2015 was not prevented. These facts
correspond to the well-founded conclusions of the
authors [1], that armed conflicts have a long period
between occurrences, so relative peace and socio-
economic stability in several decades may not be
statistically significant for predicting emergency or
military events.

There are interesting studies on forecasting the
risks of an armed conflict based on data on military
spending on state defense [2]. But it is recognized
that such costs are largely the result of current political
decisions rather than objective circumstances. After

all, “state defense expenditures” are well correlated
with other economic indicators of the state – GDP,
volume of industrial production, etc. Nevertheless,
even with such restrictions, state defense spending is
sufficiently indicative to determine changes in domestic
political circumstances.

In the scientific literature, there are certain
established ideas about the possibility of predicting
military conflicts based on the analysis of temporal
patterns on large data sets. Using formal quantitative
approaches, it is difficult to detect regularities, which
can be stretched, distorted or, as a rule, non-linear. It
is emphasized [3] that the world of conflicts is actually
non-linear, and this possibly long-term and non-
linear dynamics cannot be identified by standard
computational methods. A potentially useful approach
to identifying patterns (or their absence) is, according
to the authors [3], in (a) collecting more detailed
time series related to conflict events, from financial
data to news and diplomatic documents; and (b)
application of the latest methodological developments
in the field of machine learning of time series clustering
to search for hidden patterns.

Forecasting theory is based on the premise that
current and past knowledge can in principle be used
to predict the future. In particular, with regard to
time series, there is an opinion that it is possible to
identify patterns in historical values and successfully
implement them in the process of forecasting future
values. Approaches based on the characteristics of time
series can be implemented with the help of various
statistical operations that allow detecting anomalous
cases from the typical behavior of the research object.
Estimates of time series processes can be significantly
affected by the presence of several anomalous
observations [1], such as: outliers, peaks, jumps, extreme
observations. That is, abnormal statistical manifestations
of certain indicators and/or the dynamics of such
indicators can be signal markers of extraordinary
circumstances and force majeure events.

Modern studies on the analysis of post-conflict
situations and assessment of their consequences operate
with a set of indicators of the socio-economic
development of the country. Thus, in [4] a deeper
understanding of the relationship between the conflict
and the country’s economy is provided based on the
study of the experience of many countries. It is
substantiated that the long-term socio-economic
consequences of the conflict (for example, life
expectancy and education, economic growth, well-
being) depend on the degree of development of the
country, that is, on the initial conditions of the
beginning of an emergency event and the effectiveness
of state regulation.



43ISSN 2415-3974. Åêîíîì³÷íèé â³ñíèê Äåðæàâíîãî âèùîãî íàâ÷àëüíîãî çàêëàäó
“Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò”, 2024, ¹ 2, C. 41-47

Statistical markers of extraordinary events and social crises in regional development in Ukraine

We also find it useful to study the socio-economic
situation in the country, but on a somewhat different
interrelated issue and with a different purpose – as a
statistical study of the relevant indicators for their
atypical dynamics before the start of a full-scale war
in Ukraine. Separate attempts at statistical
generalization for the study of socio-economic crises
were made by us earlier. It has been proven [5] that
even against the background of a certain economic
and socio-political stability, the risks of socio-economic
contradictions in Ukraine were permanently aggravated.
As an example and the reasons for such a situation,
the strengthening of income differentiation in society
was determined, which objectively and quite distinctly
worsened over time. Regarding the study of the
development of the regions of Ukraine, according to
many scientific publications, in particular [6], the
main factors of the crisis situation in the Donetsk
region. economic factors were considered: the
industrial decline and the inability of the «basic»
branches of the region’s economy to resist new forms
of competition. Developing this opinion-hypothesis,
we investigated the time series of a number of indicators
of the socio-economic development of the Donetsk
region. [7, 8], as well as their comparison with
Dnipropetrovsk and average data for Ukraine.
Dnipropetrovsk region was chosen as the most similar
in terms of industry structure and specialization of
the region’s economy.

The purpose of the article
This research aimed to identify and analyze

statistical markers indicating socio-political crises and
unforeseen conflicts in Ukrainian regions, focusing
on the Donetsk region.

Presentation main material
Using certain assumptions, we attempted to

identify atypical and anomalous socio-economic
patterns in the Donetsk region during the relatively
stable period of 2010–2021. The conducted research
showed that some statistical indicators of the socio-
economic development of the regions of Ukraine really
acquired extreme values or had different dynamics of
time series. But there were also such statistical
indicators, the meaning and dynamics of which were
logically included in the general outline of the socio-
economic development of the regions.

The following was clarified:
– the dynamics of most macroeconomic

indicators – gross regional product; average monthly
salary; the ratio of indices of the physical volume of
the gross regional product and the index of average
monthly wages; consumer price index by region –
repeats the all-Ukrainian trend (or averaged indicators
by region);

– migration movement of the population,
presented in Fig. 1, revealed anomalous dynamics for
the Donetsk region, but was such that it was somewhat
stable for 2021;

– the dynamics of population expenditure
indicators per UAH 1. income was also atypical for
the Donetsk region: 25–30% lower than in
Dnipropetrovsk and averaged data for other regions of
Ukraine. The relevant data are presented in Fig. 2;

Fig. 1. Population Migration Dynamics by Region in Ukraine,

persons

Fig. 2. Dynamics of population expenditure indicators per 1

UAH income by regions of Ukraine

– the level of unemployment in the Donetsk
region. demonstrated a significant and long-term excess
of this indicator compared to other regions: 5–6%
more than the average for Ukraine.

According to the given data, 2014–2015 turned
out to be abnormal – the beginning of the military
conflict in the Eastern regions. In the Table provides
an analysis of statistical indicators by regions of Ukraine
for 2016–2021, averaged in a certain way and brought
to a single comparison base. The relevant indicators
for Ukraine (on average) for 2015 were chosen as the
basis for comparisons.

It can be seen (Table 1) that certain markers
and imbalances in the development of the Donetsk
region. are present even in the conditionally stable
period of 2016–2021. So, in our opinion, abnormal
values are acquired by the following indicators:
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– migration outflow of the population from the
Donetsk region, i.e. the departure of the population

Normalized statistical indicators by regions of Ukraine

Values for: Statistical 
indicator of Ukraine 

(on average) 
Dnipropetrovsk 

Region 
Donetsk 
region 

Notes 
for the Donetsk region 

Migration population growth, % 37 7 –227 Anomalous value 
Average monthly salary index 3.47 3.45 3.69 
Gross regional product growth, % 180 170 166 
Population income index 1.89 2.37 1.06 Atypically low value 
Population expenditure index 1.92 2.21 0.76 Atypically low value 
Unemployment rate, %, 
including cyclic 

9.6 
3.6 

8.3 
4.3 

14.8 
10.8 

Anomalous 
value 

Growth of social transfers, times 12 11 10 

– the population income index for the analyzed
period almost did not change (increase by 1.06 times)
in contrast to other regions of Ukraine, in particular
the Dnipropetrovsk region – growth by 2.3 times;

– the population expenditure index also turned
out to be atypically low – almost three times lower
than in the Dnipropetrovsk region;

– the level of unemployment in the Donetsk
region. shows the highest values of 14.8% among the
studied objects. If the natural level of 4% is singled
out in the general level of unemployment, then for
the Donetsk region. indicators of the cyclical level of
unemployment are abnormally high: 10.8% as opposed
to 3.6% in the regions of Ukraine on average.

From those investigated in the Table 1 of the
indicators that drew our greatest attention was the
“unemployment rate”. The level of unemployment,
as an important socio-economic category, is
traditionally considered from the point of view of
labor market imbalance, socio-economic crises and
risks of ensuring stability in society. Unemployment
indicators can also in a certain way characterize moods,
real expectations and hidden actions of business:
curtailment of business activity, withdrawal of assets,
efforts to preserve one’s property. That is, an extremely
high level of unemployment for the Donetsk region.
is not a direct indication and expectation of external
aggression or an armed attack, but a sign that there is
a massive reduction of jobs in a certain region, and
business entities are not interested in conducting
economic activity in this area – it may well be. Such
business behavior, in our opinion, can be determined
either by intuitive assumptions or better awareness of
business entities regarding political risks in the region
and business prospects. All this fits into the business
paradigm of «keep your property».

An attempt was made to present the time series

of the «unemployment rate» indicator using the additive
moving average model and exponentially smoothed
according to the Holt-Winters model [9]. The
smoothing constants á=0.95 and â=0.4 were
determined by the method of iterations. The levels of
the time series were divided into actual and trend
components:

a t=0,95 .yt+(1–0,95) .(at–1+bt–1); (1)

bt=0,4 .(at–at–1)+(1–0,4) .bt–1, (2)

where àt – smoothed series data, bt – the trend
component of the series.

According to the calculations of the last
components of the series, the forecast values of the
unemployment rate for 2022–2024 were determined:

ÿÒ+k=aÒ+k .bÒ, (3)

where ÿÒ+k is the predicted level of the series;     
àÒ – component of the level of the series for the last 
known time interval T; bÒ – the trend component for 
the last known time interval T; k – the ordinal number 
of the forecasting period.

The results of the time series of the
unemployment rate obtained according to models
(1–3) are presented in Fig. 3 as actual data for 2010–
2021 (solid lines) and modeled according to the forecast
for 2021–2024 (dotted line).

Modeling the “unemployment rate” indicator
(Fig. 3), we do not see its predicted extreme change,
but the significant gap with other regions of Ukraine
remains. If we take into account the indicator and
dynamics of incomes and expenses of the population
of the Donetsk region, the situation looks more critical.
It can be seen (Fig. 2, Table 1) not only the reduction

outside the region in a quantity that exceeded the
average values for the regions of Ukraine by 2.27 times;
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of jobs, but also a significant decrease in consumption
at a fairly high wage. That is, a certain dyad of
regularities is observed: business cuts jobs, and the
population consumes less and supports business.
Another possibility is that economic operations in
the Donetsk region were concealed, leading to a higher
degree of economic shadowing compared to other
regions. And this already indicates political distrust in
the region towards the authorities and economic and
legal norms.
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Fig. 3. Unemployment rate by region of Ukraine: actual and

forecast values (Holt-Winters model, %)

Thus, in our opinion, a more objective forecast
regarding extraordinary events in the region can be
provided on the basis of those defined in the Table
group of statistical indicators with an atypical-
anomalous value – markers of socio-economic crises
and using certain methods of machine learning to
search for hidden regularities in time series. In this,
we agree and support the conclusions of the authors
[3] – forecasting experts.

Conclusions
The conducted research, which was based on

the analysis of time series of statistical indicators of
the socio-economic development of the regions of
Ukraine, showed that there are some statistical
indicators that acquired extreme values or had
fundamentally different dynamics in the Donetsk
region. even in the conditionally stable period of 2016–
2021. These, in our opinion, abnormal values include:
migration outflow of the population; average per capita
income and expenses, cyclical unemployment rate in
the region. It is these characteristics of the socio-
economic development of the regions that can be
considered statistical markers of extraordinary events
and socio-political crises.

Beyond the identified statistical markers, the
study highlights patterns suggesting businesses’
awareness of political risks and/or distrust in regional
authorities.
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ÑÒÀÒÈÑÒÈ×Í² ÌÀÐÊÅÐÈ ÍÀÄÇÂÈ×ÀÉÍÈÕ ÏÎÄ²É
² ÑÎÖ²ÀËÜÍÈÕ ÊÐÈÇ Â ÐÅÃ²ÎÍÀËÜÍÎÌÓ
ÐÎÇÂÈÒÊÓ ÓÊÐÀ¯ÍÈ

²âàíîâà Ì. Â., Ãàðì³äåð Ë. Ä., Æèòíÿ ª. Ä.

Ïèòàííÿ ñîö³àëüíî-åêîíîì³÷íîãî ðîçâèòêó ðåã³îí³â º ãî-
ñòðî-àêòóàëüíîþ äëÿ Óêðà¿íè òåìîþ, òîìó ðîçóì³ííÿ ïåðå-
äâ³ñíèê³â êðèçîâèõ ÿâèù â ðîçâèòêó ðåã³îí³â áåçóìîâíî ñïðèÿëî á
³ åêîíîì³÷íèì, ³ ïîë³òè÷íèì ö³ëÿì äåðæàâè. Ìåòîþ äîñë³ä-
æåííÿ áóâ ïîøóê òà âèçíà÷åííÿ ñòàòèñòè÷íèõ ïîêàçíèê³â-
ìàðêåð³â ñîö³àëüíî-ïîë³òè÷íèõ êðèç ³ íåñïîä³âàíèõ êîíôë³êò³â
â ðåã³îíàõ Óêðà¿íè ç âèîêðåìëåííÿì ïîêàçíèê³â ïî Äîíåöüê³é
îáë. Àíàë³ç íàóêîâî¿ ë³òåðàòóðè âèÿâèâ ïåâí³ ìåòîäîëîã³÷í³
ïðîáëåìè ùîäî ïðèíöèïîâî¿ ìîæëèâîñò³ ïðîãíîçóâàííÿ íàä-
çâè÷àéíèõ ïîä³é ³ çáðîéíèõ êîíôë³êò³â çà äàíèìè ìèíóëèõ
ïîä³é ìèðíîãî ÷àñó. Àëå ñ ïåâíèìè ïðèïóùåííÿìè íàìè áóëà
çä³éñíåíà ñïðîáà çà õàðàêòåðèñòèêàìè ÷àñîâèõ ðÿä³â âèÿâè-
òè íåòèïîâ³ ³ àíîìàëüí³ çàêîíîì³ðíîñò³ ñîö³àëüíî-åêîíîì³÷-
íèõ ïîêàçíèê³â äëÿ Äîíåöüêî¿ îáë. ïðîòÿãîì óìîâíî ñòàá³ëü-
íîãî ïåð³îäó 2010-2021 ðð. Çä³éñíåíå äîñë³äæåííÿ ïîêàçàëî,
ùî îêðåì³ ñòàòèñòè÷í³ ïîêàçíèêè ñîö³àëüíî-åêîíîì³÷íîãî
ðîçâèòêó ðåã³îí³â Óêðà¿íè ä³éñíî íàáóâàëè åêñòðåìàëüíèõ
çíà÷åíü àáî ìàëè â³äð³çíÿëüíó äèíàì³êó ÷àñîâèõ ðÿä³â. Àëå
òàêîæ áóëè òàê³ ñòàòèñòè÷í³ ïîêàçíèêè, çíà÷åííÿ ³ äèíà-
ì³êà ÿêèõ ëîã³÷íî âõîäèëè â çàãàëüíó êàíâó ñîö³àëüíî-åêîíî-
ì³÷íîãî ðîçâèòêó ðåã³îí³â. Íåòèïîâî-àíîìàëüíèõ çíà÷åíü ç
Äîíåöüêî¿ îáëàñò³ íàáóâàëè òàê³ ïîêàçíèêè: ì³ãðàö³éíèé
â³äò³ê íàñåëåííÿ; ñåðåäíüîäóøîâèé äîõ³ä ³ âèòðàòè, öèêë³÷-
íèé ð³âåíü áåçðîá³òòÿ â ðåã³îí³. Ñàìå ö³ õàðàêòåðèñòèêè
ñîö³àëüíî-åêîíîì³÷íîãî ðîçâèòêó ðåã³îí³â ³ ìîæíà ââàæàòè
ñòàòèñòè÷íèìè ìàðêåðàìè íàäçâè÷àéíèõ ïîä³é ³ ñîö³àëüíî-
ïîë³òè÷íèõ êðèç. Çä³éñíåíî ñïðîáó íàäàòè ÷àñîâ³ ðÿäè ïî-
êàçíèêà «ð³âåíü áåçðîá³òòÿ» çà àäèòèâíîþ ìîäåëëþ êîâçíî-
ãî ñåðåäíüîãî òà åêñïîíåíö³àëüíèì çãëàäæåíèì çà ìîäåëëþ
Õîëòà-Âiíòåðñà. Ìîäåëþþ÷è ïîêàçíèê «ð³âíÿ áåçðîá³òòÿ»,
ìè íå ïîáà÷èëè éîãî ïðîãíîçîâàíî¿ åêñòðåìàëüíî¿ çì³íè, àëå
ñóòòºâèé ðîçðèâ ç ³íøèìè ðåã³îíàìè Óêðà¿íè çáåð³ãàâñÿ. ßêùî
ïðèéíÿòè äî óâàãè ïîêàçíèê òà äèíàì³êó äîõîä³â ³ âèòðàò
íàñåëåííÿ Äîíåöüêî¿ îáëàñò³, òî ñèòóàö³ÿ âèãëÿäàº á³ëüø
êðèòè÷íî ³ ñïîñòåð³ãàºòüñÿ ïåâíà ä³àäà çàêîíîì³ðíîñòåé:
á³çíåñ ñêîðî÷óº ðîáî÷³ ì³ñöÿ, à íàñåëåííÿ ìåíøå ñïîæèâàº ³
ï³äòðèìóº á³çíåñ. Ìîæëèâå ³ ³íøå ïðèïóùåííÿ: â Äîíåöüê³é
îáëàñò³ ìàëî ì³ñöå ïðèõîâóâàííÿ ðåçóëüòàò³â ãîñïîäàðñüêèõ
îïåðàö³é ³ ò³í³çàö³ÿ åêîíîì³êè â á³ëüøîìó, í³æ â ³íøèõ ðåã³î-
íàõ, ñòóïåí³. ² öå âæå ñâ³ä÷èòü ïðî ïîë³òè÷íó íåäîâ³ðó â
ðåã³îí³ äî âëàäè ³ ãîñïîäàðñüêî-ïðàâîâèõ íîðì.

Êëþ÷îâ³ ñëîâà: ñîö³àëüíî-åêîíîì³÷íèé ðîçâèòîê,
ðåã³îíè, ³íäèêàòîðè-ìàðêåðè, ñîö³àëüíî-ïîë³òè÷í³ êðèçè,
íåïåðåäáà÷óâàí³ êîíôë³êòè.
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The issue of socio-economic development of regions is an
acutely relevant topic for Ukraine, therefore, understanding the
precursors of crisis phenomena in the development of regions would
definitely contribute to both the economic and political goals of
the state. The purpose of the research was to find and determine
statistical indicators-markers of socio-political crises and unexpected
conflicts in the regions of Ukraine, with the indicators for the
Donetsk region being singled out. The analysis of scientific literature
revealed certain methodological problems regarding the fundamental
possibility of forecasting extraordinary events and armed conflicts
based on the data of past peacetime events. But with certain
assumptions, we made an attempt to identify atypical and anomalous
patterns of socio-economic indicators for the Donetsk region based
on the characteristics of time series. during the conditionally stable
period of 2010-2021. The conducted research showed that some
statistical indicators of the socio-economic development of the
regions of Ukraine really acquired extreme values or had different
dynamics of time series. But there were also such statistical indicators,
the meaning and dynamics of which were logically included in the
general outline of the socio-economic development of the regions.
Atypical and abnormal values in the Donetsk region. acquired the
following indicators: migration outflow of the population; average
per capita income and expenses, cyclical unemployment rate in the
region. It is these characteristics of the socio-economic development
of the regions that can be considered statistical markers of
extraordinary events and socio-political crises. An attempt was
made to present the time series of the “unemployment rate” indicator
using the additive moving average model and exponentially smoothed
according to the Holt-Winters model. Modeling the “unemployment
rate” indicator, we did not see its predicted extreme change, but a
significant gap with other regions of Ukraine remained. If we take
into account the indicator and dynamics of incomes and expenses
of the population of the Donetsk region, then the situation looks
more critical and a certain dyad of regularities is observed: business
cuts jobs, and the population consumes less and supports business.
Another possibility is that economic operations in the Donetsk
region were concealed, leading to a higher degree of economic
shadowing compared to other regions. And this already indicates
political distrust in the region towards the authorities and economic
and legal norms.

Keywords: socio-economic development, regions, indica-
tors-markers, socio-political crises, unexpected conflicts.
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