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ABSTRACT

The global trend is mass employment of the population in the informal sector of the economy. At the same
time, only in economically developed countries of the world such workers have relatively good working
conditions. At the current stage of development, Russia is among the group of actively economically
developing countries of the world. Therefore, the improvement of the mechanism of state social protection of
those employed in the informal sector of the economy remains an urgent relevant issue for our country, which,
in turn, implies monitoring of the situation. The purpose of this study is to develop tools for such monitoring
with the help of artificial intelligence (more precisely, modern machine learning methods). According to the
results of cluster analysis carried out using the k-means method in the Python programming language, it was
found that in modern Russia there is a high degree of differentiation of regions by the level of employment
in the informal sector of the economy. At the same time, most of the subjects of the Russian Federation
are characterised by the same situation as in economically developing countries of Eastern Europe (Bosnia
and Herzegovina, Serbia, Czech Republic). Four regions of Russia (from the North Caucasus Federal District)
have an abnormally high level of employment in the informal sector of the economy comparable only with
economically developing countries of Asia, Africa, North and South America. In the course of solving the
classification problem using a modern machine learning method (LightGBM), the key factors affecting the
level of employment in the informal sector of the economy of Russian regions were identified. According to
the classification results, we can conclude that a cardinal change in the current situation is not expected in
the future. Therefore, for modern Russia, it is necessary to improve the state social policy for a significant
part of the regions. The results of the empirical study can be applied to improve the effectiveness of the
state social policy of the Russian Federation. Thus, in particular, it will be possible to specify the amount of
financial resources required for additional social support of the employed population of certain regions of
our country.
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OPUTUHANBHAA CTATbA

OueHKa ypoBHS 3aHATOCTU B HepopMasibHOM
CeKTope 3KOHOMUKU pernoHoB Poccum

C NOMOLLbI0O COBPEMEHHbIX METOAO0B MAaLUUMHHOIO
obyueHus

A.H. bopucoe?, A.W1. bopoauH®, P.B. [y6apes-, E.U. i306a?, 0.M. KynukoBa®

a MTMMO MWM, Poccun, Mocksa, Poccusg;

b.¢ PoCcCMICKMIM SKOHOMMUYECKMI yHMBEPCUTET MMeHM [.B. MNnexaHoBa, MockBa, Poccus;
4 IHCTUTYT COUManbHO-3KOHOMMUYECKMX uccnenoBaHnii YOULL PAH, Yda, Poccus;

¢ CMBUPCKMIA rocynapCTBEHHbIV aBTOMOOUIBbHO-A0POXHbIN YHUBEpcuTeT, OMcK, Poccus

AHHOTAL KA

O6wwemMnpoBoOI TEHAEHLMEN 9BNSETCS MACCOBas 3aHATOCTb HaceNeHns B HeOpManbHOM CEKTOPE SKOHOMUKM.
[pu 3TOM TOJIbKO B 3KOHOMMWYECKM Pa3BUTbIX CTPAHAX MUPA TaKMe 3aHSATble UMEKT OTHOCUTENIbHO XopoLlue
ycnoBus Tpyaa. Ha copemeHHoM 3Tane passuTtua Poccua BXoamT B rpynny akTUBHO 3KOHOMMUYECKU pa3BU-
BAKOLWMXCS CTpaH Mupa. No3ToMy ANs Hawel CTpaHbl akTyasibHbIM BOMPOCOM OCTAeTCs COBEpPLUEHCTBOBAHME
MeXaHu3Ma rocyfapCTBEHHOM COLMANbHOM 3alMTbl 3aHATbIX B HEDOPMaNbHOM CEKTOPE 3KOHOMMKMU, YTO, B CBOIO
oyepepb, NpeanonaraeT MOHUTOPUHT cuTyaumu. Llenbio faHHOMO MCCNeA0BaHUS SBNSETCS pa3BUTUE UHCTPYMEH-
Tapus AN TaKOro MOHWUTOPMHTA C MOMOLLbI0 MCKYCCTBEHHOTO MHTENNEKTA (TOYHEee, COBPEMEHHbIX METOA0B Ma-
WKMHHOro 06y4eHus). Mo MToram KnacTepHOro aHanu3a, NpoBeAEeHHOr0 C MOMOLLbLID MeToaa k-means Ha a3bike
nporpamMMmpoBaHusa Python, 6bin10 yCTaHOBEHO, YTO B COBpeMeHHOM Poccumn HabntoaaeTcs BbiCOKas CTeNeHb
anddepeHUMaunmn permoHoOB No YPOBHIO 3aHATOCTM B HE(DOPManbHOM CEKTOPE 3KOHOMMKM. [1pu 3ToM ans 60nb-
wen yactn cybbekToB PO XxapakTepHa CUTyaums, 4TO U B SKOHOMMUYECKM Pa3BMBAKOLLMXCSA CTpaHax BocTouHol
Esponbl (BocHum m lepuerosuHe, Cepbun, Yexmn). B yetbipex pernoHax Poccum (M3 Cesepo-Kaskasckoro de-
[lepanbHoro okpyra) HabnoaaeTCs aHOManbHO BbICOKUI YPOBEHb 3aHATOCTM B HEOPMaNbHOM CEKTOpE 3KOHO-
MWKM, CONOCTAaBMMbIM TOMIbKO C 3KOHOMMYECKM pa3BuBatoWmnmMmcs ctpaHamm Asunm, Adpuku, CesepHoin n KOxxHoM
Amepukn. B xone peweHns 3apaum knaccudukaLmm ¢ NOMOLLbID COBPEMEHHOMO MeToAa MaLIMHHOMO 0ByyeHus
(LightGBM) 6b111 BbiSiBNEHbI KNHOYEBbIE (GAKTOPBI, BAMSIOLLME HA YPOBEHb 3aHATOCTM B HeOpManbHOM CeKTope
3KOHOMMKM pernoHoB Poccuu. Mo ntoram knaccudukaLMm MOXHO CLeNaTb BbIBOA, YTO KapAMHaNbHOE n3MeHe-
HMEe CNOXMBLLEWCS CUTYaLMM B NepCrneKkTMBe He oxuaaetcs. [103ToMy ang copemeHHon Poccun Heobxoammo
COBEpLUEHCTBOBAHME roCyAapCTBEHHOM COLMANIBHON NOAUTUKM B OTHOLIEHWM 3HAUMTENbHOW YaCTU PETMOHOB.
Pe3ynbraTbl 3SMNMpPUYECKOro MCCNefoBaHUS MOTYT ObiTb MPUMEHEHbBI 415 NOBbILLEHUS 3PHEKTUBHOCTM rocyaap-
CTBEHHOM COUMaNbHOM nonutukm P®. Tak, B YaCTHOCTM MOXHO OyaeT yTOYHUTb 06beM (PMHAHCOBbLIX pecypCoB,
HeobXx0oAMMbIX Ha JOMONHUTENbHYIO COLMANbHYI0 NOAAEPXKKY 3aHATOr0 HaceneHns onpeaeneHHbIX perMoHoB
Haleln CTpaHbl.

Kniouessie cnoea: pernoHbl Poccumn; ypoBeHb 3aHATOCTU; HeOPMasbHbIW CEKTOP 3KOHOMMKM; Npekapuar; Ma-
LWMHHOEe 0byyeHue; Knactepmsaums; Knaccubukaums; NporHo3npoBaHue

Ans yumuposarus: Borisov A.N., Borodin A.l., Gubarev R.V., Dzyuba E.lI., Kulikova 0.M. Assessing the level of
employment in the informal sector of the economy of Russian regions using modern machine learning methods.
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Introduction was 69.3%, in Vietnam — 68.3%, in Guatemala —

Currently, more than 2 billion people, or 60% of
the world labor market, are covered by informal
employment [1]. One worldwide trend is that a
sizable portion of the working population in vari-
ous nations is frequently classified as informally
employed. The indicator is also marked by abnor-
mally high readings in some countries. For exam-
ple, in 2021, the level (in percent of the working-
age population) of informally employed in Angola

89.3%, Zambia — 73.5%, Zimbabwe — 75.7%, In-
dia — 71.3%, Comoros — 91.4%, Pakistan — 67.5%,
Paraguay — 70.1%, Peru — 68%, Rwanda — 74.7%,
El Salvador — 70.6% and Uganda — 97.8%. The
most favorable situation on the level of infor-
mal employment was observed in a number of
economically developed countries in Europe: in
Austria the value of the indicator was 5.1%, Bel-
gium — 2.9%, Germany — 2.8%, Ireland — 1.7%,
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Fig. 1. Change in the number of employees in the informal sector of the Russian economy (by the type
of employment) for 2015-2023, thousand people

Source: Compiled by the authors according to the data of the Labor Force, Employment and Unemployment in Russia (based
on the results of sample labor force surveys). 2024 Stat.sb. Moscow: Rosstat; 2024.

Spain — 5.1%, Finland — 5%, France — 3.5% and
Sweden — 2.6% in 2021 [2].

In Russia, this phenomenon is widespread as well
as in a number of other countries of the world. It
is known that most of the informally employed in
modern Russia also work in the informal sector of
the economy [3]. Therefore, within the framework
of this study, we will limit ourselves to the study of
employment in the informal sector of the national
economy. Based on the data of official statistics, let us
independently draw up a “portrait” of the employed
in the informal sector of the economy of modern
Russia. In Fig. 1, we visualize the change over the
last 9 years for our country, both the total number
of employed in the informal sector of the economy
and their part with the only appropriate type of work.

As shown in Fig. 1, there was no definite trend of
change in the values of the indicator for 2015-2023.
However, over the entire analyzed period of time,
the number of people employed in the informal sec-
tor of the Russian economy decreased from 14874
to 13444 thousand people (historical minimum),
i.e., by almost 10%. At the same time, for about
90-91% in 2015-2016 and 93-94% throughout

the rest of the period, such compatriots worked
exclusively in the informal sector of the national
economy.

Fig. 2 shows the change in the share of working
Russians in the informal sector of the national
economy by age groups.

According to Fig. 2, during the first 7 years of
the analyzed period, the value of the indicator av-
eraged about 20% in the country, except for 2016
(exceeded 21%). At present (as of 2023), the value of
the share of those employed in the informal sector
of the national economy has reached a historical
minimum and is about 18%.

At the same time, the bulk of employed Russians
in the informal sector of the economy is concen-
trated in two age groups: the youngest (from 15
to 19 years) and the oldest (70 years and older).
Thus, the share of such workers was respectively
about 42-49 and 36-39% of the total number of
the employed of a certain age in different years of
the analyzed period.

Fig. 3 visualizes the change in the structure of
employed Russians in the informal sector by type
of economic activity.
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Fig. 2. Change in the share of employees in the informal sector of the Russian economy (by age group)
in 2015-2023,% (of total employment)

Source: Compiled by the authors according to the data of the Labor Force, Employment and Unemployment in Russia (based
on the results of sample labor force surveys). 2024 Stat.sb. Moscow: Rosstat; 2024.

As shown in Fig. 3, most of the employed Rus-
sians in the informal sector were distributed among
five types of economic activity: agriculture, indus-
try, construction, trade and transportation and
warehousing logistics. The aggregate share of such
workers was about 76-84% in different years of
the analyzed period. At the same time, the most
significant part of employed Russians in the infor-
mal sector of the economy (29-33%) in 2015-2023
worked in trade.

Summarizing the results of thematic analysis,
we can conclude that informal employment for
our country is a mass phenomenon. Thus, almost
every 5th Russian works in the informal sector
of the national economy. Moreover, for most of
them, employment in the informal sector is the only
place of work. At the same time, the composition
of employed Russians in the informal sector of the
economy, as a rule, includes young people and the
elderly. Finally, their main place of work is in trade.

Literature review
In [4], it is rightly noted that the generally ac-
cepted approach to the study of the economy is

to distinguish its two components (components):

observed and unobserved. The second, in turn, in-
cludes underground, illegal, informal economies

and the production of products by households for
their own consumption. In this case, the informal

sector of the national economy is understood as

the legitimate market production of goods and

services, but hidden from the state for monetary,
regulatory or institutional reasons [5].

It should be noted that informal employment in
economically developed and developing countries
has fundamental differences. The main feature of
informal employment for the first group of coun-
tries is relatively (compared to the second group
of countries) good working conditions of the work-
ers concerned [2, 6], which complicates the fight
against such a phenomenon [7]. Fig. 4 presents a
number of important factors affecting the level of
informal employment in different countries of the
world. Along with the term “informal employment”,
scientists often use the closely related definitions

“vulnerable employment” and “precarious employ-
ment”. We adhere to the view that these terms have
a close semantic meaning but are not synonyms.
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Fig. 3. Change in the structure of employed Russians in the informal sector (by type of economic activity)
for 2015-2023,%

Source: Compiled by the authors according to the data of the Labor Force, Employment and Unemployment in Russia (based
on the results of sample labor force surveys). 2024 Stat.sb. Moscow: Rosstat; 2024.

Sharing the opinion of the authors of [8], in the
framework of this study we will consider informal
employment as the main catalyst for the formation
of precariat in our country.

In [18], it is rightly noted that, despite a sig-
nificant number of thematic studies by foreign
and Russian authors, the definition of “precarious
employment” and the derivative term “precariat”
still require clarification. Developing the thought,
the scientist emphasizes the following: “...there is
still no consensus even on the main issues related
to it. There is no agreement neither on what criteria
should be used to distinguish the precariat, nor on
its social composition, nor even on its very exist-
ence as a class” [18, p. 105].

At the same time, most researchers have the
main (sometimes the only) criterion for classifying
the working population as precariat is the form of
employment. Thus, for example, in [19], “workers
who are employed under a temporary contract for
less than a year or work without a labor contract at
all” are referred to as the precariat. Another study
by the previously mentioned author [20, p. 87] lists

the main forms of informal employment: “tempo-
rary, casual, seasonal, secondary, part-time, as well
as self-employment, platform employment and
borrowed labor”.

Also, there are works that present a multi-crite-
ria procedure for categorizing a worker as precariat.
For example, the article [21, p. 65] proposes a sys-
tem of seven indicators or signs: “1) registration
of labor without a contract or with a contract for
no more than one year; 2) complete inconsistency
of education with work; 3) overwork (more than 8
hours) permanent; 4) part-time work in their own
or third-party organization (regular or irregular);
5) wages in an envelope (systematic or occasional);
6) change of job more than once in the last three
years; 7) inability to influence important decisions
in their work organization”.

Corresponding member of the Russian Acad-
emy of Sciences J.T. Toshchenko [22] offers an al-
most identical system, including six main signs
of precariat identification. Despite the existing
discussion issues, most Russian researchers [19,
21, 23-28] adhere to the point of view about the
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Main (key) factors determining the level of informal employment in different countries of
the world

1. Degree of economic
development of the country

2. Corruption

3. Social inequality

(economically developed and
developing)

4. Urbanization

5. Immigration from other countries

of the world

Fig. 4. Key (main) factors affecting the level of informal employment in the world economy

Source: Compiled by the authors on the basis of [2,9-17].

negative impact of “precarious employment” on
the quality of life of workers in the informal sec-
tor of the national economy. For example, in the
work [28, p. 34] an important conclusion is made:
“the public and private life of precarious workers
vividly reveals social stratification in all the main
characteristics of human life — in terms of labor
employment guarantees, labor remuneration, the
use of their intellectual and professional potential,
and the sustainability of their daily life”. Developing
the idea [28, p. 34—-35] focuses on the fact that “a
constant feature of the life world of precarians is an
isolationist position, manifested in anomie and loss
of orientation, both in their future and the future of
the country. The uncertainty of social and profes-
sional status, instability of well-being due to the
lack of acceptable rules of labor remuneration, in-
stability in the observance of social guarantees are
complemented by the lack of a clearly articulated
image of the future, which leads to the formation
of indifference to political, economic and social life
at all levels of social structure”. It should be noted
that the work of the Russian scientist largely agrees
with the earlier results of a well-known foreign
researcher [29, 30], who emphasized the infringe-
ment of various (civil, cultural and political) rights
of the precariat.

Given the above, it is difficult to overestimate the
importance of correct measurement of the quality of
employment for modern Russia. In [31, p. 262] five
most famous alternative approaches to measuring
the quality of employment proposed by various
international organizations are highlighted: “1) the
global system of indicators for the UN Sustainable
Development Goals; 2) Decent Work Indicators of
the International Labor Organization; 3) guidelines
for measuring the quality of the working environ-
ment of the Organization for Economic Cooperation

and Development; 4) UN Economic Commission
for Europe’s initiative on measuring the quality
of employment; 5) the quality of workplaces of
the European Foundation for the Improvement of
Living and Working Conditions together with the
International Labor Organization”.

The principal difference between the above ap-
proaches is the number of indicators used to as-
sess the quality of employment. According to this
criterion, all the variety of thematic methodologies
developed by the scientific and expert community
can also be grouped into three groups [31]: with
one key (main) indicator, several private indicators
and, finally, an integral (generalizing, summary)
characteristic, which is the result of index construc-
tion (“convolution” of the values of a number of
indicators according to a certain rule).

We believe that it is necessary to search for the
optimal number of private indicators. An excessive
number of indicators leads to “dilution” of results
when decomposing the index. In addition, the labor
intensity of thematic evaluation increases. In the
reverse situation (minimum set of private indica-
tors), the final result may be significantly distorted
due to the fact that a number of significant factors
are not taken into account.

Another equally important classification feature
is the sources of information. Here, we can also
distinguish three groups of thematic methodologies,
which are based solely on statistical information
or data from sociological surveys, and a mixed (hy-
brid) variant, when both of the above-mentioned
sources of information are used simultaneously.
Sample surveys (thematic surveys of the population)
complement aggregated data of official statistics
(formed on the basis of organizations’ reports), but
at the same time increase the subjectivity of the
obtained estimates of employment quality.
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Within the framework of this study, we will limit
ourselves to measuring the quality of employment
in our country with regard to the meso-level of
management on the basis of one (main) indica-
tor — the level of employment in the informal sector
of the economy. Despite a significant number of
case studies, there is virtually no research using
genetic algorithm, artificial neural networks or
modern machine learning techniques. One of the
few such works is the article [32], where a not un-
successful attempt to group Russian regions (their
classification) depending on the level (calculated
as a percent of the number of employed) of work-
ers in the informal sector of Russian regions, more
precisely, the key factors determining it using the
random forest method (one of the methods of ma-
chine learning) was made.

Taking into account the above-mentioned, this
study aims to develop an adequate modern toolkit
for the realization of the predictive function in
relation to the phenomenon under study. The hy-
pothesis is put forward about the possibility of
correct clustering and subsequent classification
of RF subjects by the level of employment in the
informal sector of the economy using a modern
machine learning method.

Data and research methods

In the previously mentioned statistical compila-
tion, the data on the number of employed in the
informal sector of the national economy for the
regions of Russia are given with a periodicity of
once every two years. Therefore, the information
base of this empirical study is the values of the
studied indicators for 2017, 2019, 2021 and 2023.
At the same time, the presence of lagged factor
indicators in the initial system (with an offset of
one year back in relation to the dependent vari-
able) is explained by the “lagging” statistics in
terms of the disclosure of data on gross regional
product (GRP) by the subjects of the Russian Fed-
eration.

The dependent (“output”) variable (result indi-
cator) is the level of employment in the informal
sector of the economy (expressed as a percentage
of the total working population) in the Russian
regions. Taking into account case studies by differ-
ent authors [31-36], a system of twenty-five factor
indicators (“input” or independent variables), in-
cluding lag variables, was initially formed (Fig. 5). In
Fig. 5, the 18th-21st indicators are lag-independent

variables (with values shifted back one year) in
relation to the 1st, 5th, 12th and 17th factors.

The decision on the expediency of including
certain lag factor indicators was made taking into
account the assessment of the strength of the in-
fluence of independent variables on the resultant
indicator. Such strength was determined by calcu-
lating and analyzing pairwise Pearson’s correlation
coefficients (Table 1).

In order to ensure the comparability of the initial
information in the spatial and temporal contexts,
the cost indicators were preliminary adjusted. First,
the influence of the price factor in dynamics was
leveled out. Secondly, auxiliary calculations were
made taking into account the purchasing power
parity in the Russian regions. In this case, the cost
of a fixed set of consumer goods and services in
Moscow in 2017 was taken as a base of comparison
(benchmark).

Table 1 does not show the factors that have a
weak effect on the performance indicator (Pear-
son’s pair correlation coefficient took values less
than 0.4).

The strongest influence on the dependent vari-
able (the value of the above coefficient was approxi-
mately 0.6-0.7), excluding lag factors (Z18-7Z21),
was exerted by a group of 6 “input” variables (Z1,
75,79,710,712 and Z17). The final decision on the
composition of factor indicators (“input” variables)
for solving the classification problem is made dur-
ing computational experiments. This task is solved
within the framework of the study using one of the
methods of modern machine learning — the Light-
GBM (Light Gradient-Boosting Machine) method.
At the same time, it should be noted that the initial
information for the classification of Russian regions
in our case are the results of cluster analysis, i.e., the
distribution of subjects of the Russian Federation
into groups based on the level of employment in the
informal sector of the economy. In turn, the cluster-
ing problem is solved using the k-means method
in the Python programming language. Previously,
the optimal number of clusters is determined using
the Elbow method (Fig. 6).

As can be seen from the data in Fig. 6, based
on the actual level of employment in the informal
sector of the economy, it is reasonable to divide
82 Russian regions for 2017, 2019, 2021 and 2023
into five clusters. During a series of computational
experiments, all observations were correctly rec-
ognized, i.e. the Russian regions were distributed
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1. Share of the population
with monetary incomes
below the poverty line

(subsistence minimum), %
(of the total population)

6. Share of employees of
microenterprises, % (of the
number of employed in the

regional economy)

11. Average per capita
monetary income of the total
population (in comparable
prices), rubles/month.

2. Share of GRP of the
constituent entity of the Russian
Federation, % (of the country-
wide indicator value)

7. GRP per capita (in
comparable prices), thousand
rubles.

12. Household final
consumption expenditures, %
(to GRP)

16. Share of employees of

organizations (without small

businesses) with accrued
wages below the minimum
subsistence level of able-
bodied population, %

21. Unemployment rate*, %

22. Labor force participation
rate of the population, %

3. Share of investments in
fixed capital, % (of GRP)

8. Labor productivity (in
comparable prices), thousand
rubles/person.

17. Unemployment rate, %

13. Share of industry for
GRP (in constant prices), %

|

23. Potential labor force, %
(of actual labor force)

|

4. Share of high-tech and
knowledge-intensive
industries in GRP, %

9. Average monthly accrued
wages of employees (in
comparable prices), RUB.

14. Share of construction for
GRP (in constant prices), %

18. Share of population with

monetary incomes below the
poverty line (subsistence
minimum)*, % (of total
population)

24. Share of permanent
population aged 15-19 years,
%

|

5. Share of employees of
small enterprises, % (of the
number of employed in the

10. Average monthly
nominal accrued wages of
hired workers in
organizations, individual

| entrepreneurs and individuals

15. Share of trade for GRP
(in constant prices), %

19. Share of employees of

25. Share of agriculture for
GRP (in constant prices), %

small enterprises*, % (of the
number of employed in the
regional economy)

regional economy) (in comparable prices), rub.

20. Household final

consumption expenditures*,
% (to GRP)

Fig. 5. Initial system of factors affecting the level of employment in the informal sector of the economy of the
constituent entities of the Russian Federation

Source: compiled by the authors based on [31-36].

into five clusters according to the actual level of
employment in the informal sector of the economy.

Returning to the solution of the classification
problem, Fig. 7 visualizes the results of the refined
list of key factors affecting the level of employment
in the informal sector of the economy of the Rus-
sian regions.

According to the data in Fig. 7, we can see that
in our case, a system of 29 factors is used to solve
the problem of classification of RF subjects. Initially,
there were 100 factors (25 indicators presented
in Fig. 5 for 4 periods). Hence, most of the factors
were eliminated due to their small significance in
the formation of the resultant indicator.

In order to evaluate the accuracy of the proce-
dure, a “Confusion Matrix in Multi-class Classifica-
tion” is constructed (Fig. 8).

As shown in Fig. 8, in our case, the accuracy of
recognizing the objects under study in the context
of each class was 100%. This means that the ap-
plied modern method of machine learning allows
us to correctly identify the cluster of any Russian
region in the future, based on the expected level of
employment in the informal sector of the economy.

Results
Table 2 presents the main results of clustering.
Fig. 9 visualizes the distribution of Russian re-

gions by the level of employment in the informal
sector of the economy.

At different “poles”, a relatively small number of
regions turned out to be in this distribution.

The most favorable employment situation (low
level in the informal sector of the economy) was
observed in five subjects of the Russian Federation:
the Moscow Region, Moscow, Murmansk Region,
St. Petersburg and the Chukotka Autonomous
Okrug. According to the cluster profile, the aver-
age value of the indicator in the group was 8.3;
7.6; 7.5 and 6.5%, respectively, in 2017, 2019, 2021
and 2023. From the above data, it can be seen that
there has been a positive downward trend in the
average level of employment in the informal sector
of the economy in this group of regions. The least
favorable situation for the studied phenomenon has
developed in four Russian regions from the North
Caucasus Federal District: the Republic of Dag-
estan, the Republic of Ingushetia, the Kabardino-
Balkarian Republic and the Chechen Republic. At
the same time, the average level of employment in
the informal sector of the economy for this group of
regions was 53.3; 52; 50 and 46.1%, respectively, in
2017,2019, 2021 and 2023. There is also a positive
downward trend in the average value of the indica-
tor. According to the results of the cluster analysis,
it was found that the largest group of Russian re-
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Distortion Score Elbow for KMeans Clustering
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Fig. 6. Visualization of the results of the elbow method in the Python programming language

Source: Developed by the authors.

100 95
90
80
70
60

64
54
534948
50 4543
4037363535
4 3432313030282727262525
3 2424212119
2
x54 x66 x9 x18 x43 x49 x44 x4 x28 x33 x89 x12 x21 x25 x42
feature

split
oS O O O O

Fig. 7.Ranked system of key factors determining the level of employment in the informal sector of the economy
in Russian regions

Source: Developed by the authors.

gions (40 or almost half of the total number) were The average level of employment in the infor-
formed by subjects of the Russian Federation with  mal sector of the economy was observed in 24 Rus-
an employment level in the informal sector of the  sian regions, including the Republic of Bashkor-
economy below average. In this group, the aver- tostan. The average value of the indicator in this
age value of the indicator was about 18.4-18.8%  group of RF subjects was from the interval from
in 2017, 2019 and 2021. In 2023, there was a slight  25.9% to 26.9% in 2017, 2019 and 2021. However,
decrease in the indicator (to 16.6%). as in the previous cluster, it slightly (to 23.3%)
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Confusion matrix
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Class 2 - 0.000
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Fig. 8. “Confusion matrix in multiclass classification” (LightGBM method, Python programming language)

Source: Developed by the authors.
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Fig. 9. Distribution of Russian regions by level of employment in the informal sector of the economy
Source: Developed by the authors.
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Table 2

Main results of clustering of Russian regions by the level of employment in the informal sector of the economy

Average level of employment in the
informal sector of the economy, %

Qualitative

L Cluster size
characterization

Cluster of the level of
number employment in the Number Share of
2017 2019 2021 2023 informal sector of the  of regions. . o
: regions, %
economy units.
The first 8.3 76 75 6.5 Low level 5 6.1
one
Second 18.4 18.8 18.5 16.6 Below average 40 48.8
Third 25.9 26.9 26.2 23.3 Medium level 24 29.2
Fourth 32.2 354 35 32.8 Above average 9 11
Fifth 53.3 52 50 46.1 High Llevel 4 4.9

Note: Clustering was carried out for 82 subjects of the Russian Federation. Arkhangelsk and Tyumen oblasts with autonomous
okrugs in their composition. Without new regions of Russia (DNR, LNR, Zaporizhzhya and Kherson oblasts) due to the lack of

necessary statistical information.

Source: Developed by the authors.

decreased in 2023, which is also characterized
positively.

Finally, the group with the level of employment
in the informal sector above the average economy
included 9 Russian regions. Here, the average value
of the indicator was about 35.4 (35)% in 2019 (2021),
32.2-32.8% in 2017 and 2023. As can be seen in
2019 and 2021, there was a slight increase in the
level of employment in the informal economy for
this group of Russian regions. However, in 2023 the
average value of the indicator practically decreased
to the level of 2017.

The city of Sevastopol and the Republic of
Crimea, which are not represented on the map,
were characterized by the average and above aver-
age level of employment in the informal sector of
the economy, respectively.

Summarizing the results of cluster analysis, it
is necessary to note the abnormally high value of
employment in the informal sector of the economy
in a number of subjects of the Russian Federation.
For example, the highest level of employment in
the informal sector of the economy among Rus-
sian regions in 2021 was recorded in the Republic
of Ingushetia (52.7%). According to this indicator,
the Russian region is comparable with Colombia
(50.5%), Dominican Republic (51.2%), Armenia
(51.5%), Iraq and Ethiopia (54.4%), and Mexico
(55.2%), i.e. with a number of economically devel-
oping countries in Asia, Africa, North and South

America [2]. It is necessary to emphasize the high
degree of differentiation on the studied phenom-
enon in the regional context characteristic of mod-
ern Russia. Thus, the lowest value of the level of
employment in the informal economy among the
constituent entities of the Russian Federation in
2021 was recorded in Moscow (4.9%), which is com-
parable to the value of a similar indicator in such
economically developed European countries as
Austria, Spain and Finland.

Next, let us move on to the solution of the clas-
sification problem. Within the framework of the
study we will limit ourselves to assigning two Rus-
sian regions from different groups by the level of
employment in the informal sector of the economy
to a certain cluster (class) in the future. Let us do
this on the example of Moscow and the Republic
of Bashkortostan for 2025. As previously noted, in
2023, the above two Russian regions were charac-
terized, respectively, by low and medium level of
employment in the informal sector of the economy.

The experts make a prospective assessment of
key factors (including lag independent variables)
based on their actual values for 2017, 2019, 2021,
2023 (taking into account the “lag” effect) (Table 3).

In case of development of events in the future
according to the experts’ scenario, it is expect-
ed that the city of Moscow and the Republic of
Bashkortostan in 2025 will remain in the same
groups (clusters) of Russian regions, i.e., they will
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Table 3
Prospective assessment of values of key factor indicators for the city of Moscow and the Republic of Bashkortostan for
the year 2025 (2024)
. Republic of
Indicator Moscow Bashkortostan
Population with incomes below the poverty line (subsistence minimum), % 4 9
(of total population)
Share of investments in fixed capital®, % (of GRP) 23 25
Share of products of high-tech and knowledge-intensive industries in
. 25 23
GRP*, %
Share of employees of small enterprises, % (of the number of employed) 11 5.5
Share of employees in microenterprises, % (of the number of employed) 15 5
GRP per capita (in comparable prices)”, thousand rubles. 1400 600
Average monthly accrued salary of employees (in comparable prices), rub. 90000 60000
Av.erage per capita cash income of the total population (in comparable 95000 45000
prices), rub.
Household final consumption expenditures®, % (to GRP) 45 80
Share of industry for GRP (in constant prices)*, % 15 31
Share of construction for GRP (in constant prices)*, % 5 7
Labor force participation rate of the population, % 67 59
Potential labor force, % (of actual labor force) 0.3 1

Note: * — prospective assessment of the indicator value is given for 2024.

Source: Developed by the authors.

be characterized, respectively, by a low and medium
level of employment in the informal sector of the
economy.

Conclusion
According to the results of cluster analysis, we can
conclude that modern Russia is characterized by
a high degree of differentiation of regions by the
level of employment in the informal sector of the
economy. In the group of the most favorable sub-
jects of the Russian Federation, the situation with
regard to the studied phenomenon is close to the
economically developed countries of the West.
For the group of Russian regions with the least
favorable situation in terms of employment in the
informal sector of the economy, the situation is
almost identical to that in a number of economi-
cally developing countries of the world from Asia,
Africa, North and South America. At the same
time, for 40 subjects of the Russian Federation
(almost half of their total number) the level of the
studied phenomenon was below average (about

17-19%), comparable to that in a number of eco-
nomically developing countries of Eastern Europe
such as Bosnia and Herzegovina (18.8%), Serbia
(16.9%), Czech Republic (15.3%), etc. [2].

The literature review emphasized the funda-
mental difference between informal employment in
economically developed and developing countries
of the world. Only the first group of countries is
characterized by relatively good working conditions
of informally employed. Given this and the results
of the cluster analysis, we can conclude that in
modern Russia most of the informally employed do
not have good working conditions, and, therefore,
need to increase the degree of social protection.

In order to prospectively assess the situation, the
study solved the task of classifying Russian regions
using a modern method of machine learning. This
task is a logical continuation of cluster analysis.
Under the influence of a number of key factors, it
has specified to which group (class) of RF subjects
a certain Russian region will belong in the future.
The current situation, taking into account possible
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changes in the future, does not allow us to make
an optimistic forecast about further significant re-
duction in the level of employment in the informal
sector of the economy of the two subjects of the
Russian Federation, so it is expected that the city of
Moscow and the Republic of Bashkortostan in 2025
will remain in their respective clusters (as well as in
2023). Moscow and the Republic of Bashkortostan

in 2025 will remain in the corresponding (as well
as in 2023) clusters.

The results of the empirical study can be applied
in the course of planning by the federal center of
the volume of financial resources for social support
of the working population in the informal sector
of the economy of the constituent entities of the
Russian Federation.
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