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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.
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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.
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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;
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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

outside the region in a quantity that exceeded the
average values for the regions of Ukraine by 2.27 times;

Normalized statistical indicators by regions of Ukraine

Statistical - Valups for: Notes
indicator of Ukraine Dnipropetrovsk | Donetsk for the Donetsk region
(on average) Region 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, %, 9.6 8.3 14.8 Anomalous
including cyclic 3.6 43 10.8 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 6=0.95 and B=0.4 were
determined by the method of iterations. The levels of
the time series were divided into actual and trend
components:

at=0995'yt+(1_0595)'(at—l+bt—l); (1)

b=0,4:(a;—a,,)+(1-0,4)b_,, (2)
where a, — smoothed series data, b, — 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:
Ar=artkby, (3)
where s, is the predicted level of the series;
ar — component of the level of the series for the last
known time interval T; b; — 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
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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.

2012

2014 2016 2018 2020 2022 2024

-@-Donetsk region -%-Ukraine (on average) =d—Dnipropetrovsk region

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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CTATUCTUYHI MAPKEPU HAJI3BUYANHUX ITOMIN
I COOIAJIBHUX KPU3 B PETTOHAJIBHOMY
PO3BUTKY YKPAIHU

leanoea M. B., I'apmidep JI. JI., Kumns €. JI.

Ilumanns couianbHo-eKOHOMIMHO20 PO3BUMK) DeciOHi6 € 20-
CMPO-AKMYanbHolo 0 Ykpainu memoio, momy po3yMiHHs hepe-
OBICHUKI® KPU308UX SA6ULY 6 DO3GUMK) Pe2iOHie 0e3yMOBHO cnpusiio O
[ eKOHOMIHUM, [ noaimuvHum yinsm oepycasu. Memorto docaio-
JIceHHs 0Y8 NOwyK ma GU3HAYeHHs CMAamUCMUYHUX NOKA3HUKIG-
MapKepie couianbHO-NOAIMUMHUX KpU3 | HeCno0i6anux KoH@AiKmie
6 pecioHax YKpainu 3 @UOKpPeMAEHHAM NOKA3HUKIE no JloHeyvKill
004. AHaniz Haykoeoi aimepamypu 6uaeuUE NEeGHI Memo00A0IYHI
npobaemu w000 NPUHUUNOBOI MONCAUBOCHI NPOCHO3YEAHHS HAO-
3euHatiHUX nooitl i 30pOUHUX KOHMAIKMIE 3a OAHUMU MUHYAUX
nooili MupHo2o uacy. Ane ¢ neeHuMU NPUNYWEHHAMU Hamu 0yaa
3dilichena cnpoba 3a Xapakmepucmukamu 4acogux psodié GUsAU-
mu Hemuno8i i aHOMAanbHI 3aKOHOMIPHOCMI COUIANbHO-eKOHOMIY-
HUX NOKA3HUKIE 0 JIoHeubkoi 061. npomseom ymMoeHo cmabinb-
Hoeo nepiody 2010-2021 pp. 3diiicnene docaidxcerHss nokasano,
wo oKpemi cmamucmu4ni NOKA3HUKU COUIANbHO-CKOHOMIYHO20
poseumky pecionie Yxpainu Oiticho Habyéaru ekcmpemanbHux
3HaYeHb abo Maiu GIOpI3HANbHY OUHAMIKY 4acoeux psdie. Ane
makooc 6yau maxi cmamucmuyHi nOKA3HUKU, 3HAYeHHs [ OuHa-
MIKQ AKUX N02IYHO 8X00UAU 6 3A2aNbHY KAHBY COUiANbHO-eKOHO-
Mi4H020 pO36UmKY peeionie. Hemunoeo-anomanrvHux 3HaueHv 3
JHloneyvkoi obnacmi nabysasu maxi NOKA3HUKU: MiepauiiHull
8IOMIK HaceneHHs; cepeOHboOyulosull 00xio i eumpamu, YUKAY-
Hutl pigeHv 6e3pobimms 6 peeioni. Came yi xapakmepucmuku
COYIANbHO-EKOHOMIYH020 DO3BUMKY Pe2iOHI8 [ MOJICHA 68aicamu
CMamucmuMHUMU Mapkepamu Ha038uuaiHux nooii i coyianbho-
noaimuunux kpuz. 30ilicneHo cnpoby nadamu 4acogi psou no-
Ka3HuKa <«pigeHsb 0e3pobimms» 3a a0umueHol0 MOOeANI0 KOB3HO-
20 cepedHb020 ma eKCNOHeHUIANbHUM 321A0NCeHUM 3a MO0
Xoama-Binmepca. Modearwiouu nokasnuk «piens 06e3podimms»,
MU He nobavuau 1oeo0 NpoeHO308aHOI eKCMpeManbHoi 3MIiHU, dne
cymmeaeuil po3pue 3 iHwumu pecionamu Yipainu 36epieascs. Sxuio
ApulHAMU 00 y8azu NOKA3HUK Mda OUHAMIKY 00X00i6 | eumpam
Hacenenns Jloneyvbkoi obaacmi, mo cumyayis euensdae Oinbui
Kpumu4Ho i cnocmepieaemocs neeHa 0iada 3aKOHOMIPHOCMEI:
0i3Hec ckopouye poboui micys, a HACeNeHHsI MeHule CHOJNCUBAE |
niompumye 0iznec. Moocauee i inwe npunyuwienus: 6 JloHeubKili
obnacmi mano micye Npuxo8y8aHHs pe3yabmamie 20cnodapcbkux
onepayitl i minizayisi eKOHOMIKU 6 OINbUIOMY, Hidc 8 [HUWUX peeio-
Hax, cmyneni. I ye exce ceiduums npo NOAIMUYHY HEOOBIPY &
pe2ioHi 00 éradu i 20cnO0aApCcbKO-NPABOBUX HOPM.

KaiouoBi cioBa: collialbHO-6KOHOMIYHUI PO3BUTOK,
perioHu, iHAMKATOpU-MapKepH, COLiaJbHO-TOJITUYHI KpU3H,
HerependayyBaHi KOHMIIKTH.
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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
Jfollowing 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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