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Introduction

Professional training, employee’s skill level, and 

a set of production functions, which a specialist of 

different types activities performs, have a significant 

impact on the formation of employment indicators. 

The dependence of economic results strengthens 

from the degree of implementing workers’ abilities, 

knowledge, skills and competencies; occupational 

and skilled structure of employed population is one 

of the most important characteristics of human 

capital. The International Labour Organization 

identifies skill as “…the ability to carry out the 

tasks and duties of a given job”, and skill level as “a 

function of the complexity and range of tasks and 

duties to be performed in an occupation”1.

1 International Standard Classification of Occupations 
(ISCO), 2015. Available at: https: //isco.ilo.org/en/isco-08

The literature notes significant shifts in 

occupational employment structure; the focus is 

on the analysis of groups with high skill level – 

professionals “as a special social group occupying 

a relatively high position in the stratification 

hierarchy of society due to the possession of 

such specific assets as knowledge and skills, the 

formation of which requires not only long-term 

training and experience, but also direct (money) or 

indirect (salary lost during the period of training) 

investments” (Tikhonova, 2020).  

It is worth noting formally the skill serves as a 

guarantee for an employer that an employee  

has certain competencies, further improvement of 

which is aimed at professional training and 

retraining (Abuzyarova et al., 2019). The article 
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(Toksanbayeva, Popova, 2021) also emphasizes 

that to perform the work of a particular skill it 

is necessary to have education not lower than 

officially required, but not all the employed work 

in accordance with the educational status. The 

authors further point out that the mismatch between 

workers’ educational and qualification status is 

observed in all occupational groups, but mainly 

in favor of the level of education higher than the 

required one, which does not contradict the relevant 

professional standards. At the same time, it is most 

typical for the group of highly qualified specialists, 

leading in terms of average earnings (without the 

group of managers). 

However, “the majority of professional jobs do 

not require updating knowledge and upgrading 

skills, as well as previous education and practical 

experience – at least in the opinion of people 

who occupy them. These jobs in more than 60% 

of cases do not involve professional development” 

(Tikhonova, 2020). Nevertheless, “...relatively 

high incomes, social security and the resource of 

influence allow speaking of most of them as the 

best quality jobs” (Tikhonova, 2020). At the same 

time, the researcher notes that the educational 

structure of the Russian labor force has changed 

faster than its professional or sectoral structure. 

There is a close relationship between levels of 

occupational skills and levels of education, but there 

is no strict mutually unambiguous correspondence 

(Gimpelson, Kapeliushnikov, 2022).

Changes in the structural characteristics of 

employment are manifested in the labor market 

after a certain period of time. Any type of activity 

requires training and formation of appropriate skills, 

including for low- or unskilled labor. As a rule, 

unskilled labor is usually defined as work involving 

a high expenditure of physical strength, while skilled 

labor is defined as predominantly mental work 

requiring significant intellectual input. It seems 

that this approach is limited, since intellectual 

work also results in physical expenditure, and 

physical effort is not realized without mental effort. 

In modern conditions, the active introduction of 

digital technologies requires new approaches to 

determining the role and importance of physical 

and mental labor, although it is recognized that new 

technologies will primarily replace physical labor.

The literature naturally discusses the question of 

whether there will be a gradual increase in the share 

of skilled labor and, at the same time, an erosion of 

low-skilled workers from the labor market, 

or whether a U-shaped scenario will be the 

determining factor, when the growth in the number 

of jobs for skilled labor is accompanied by a 

“subsidence in demand for middle-skilled workers” 

(Vishnevskaya, Zudina, 2017) and an increase in 

demand for occupations with relatively low skills, 

most of which are trade workers and unskilled 

workers, as well as equipment operators whose work 

is likely to be computerized in the coming years 

(Chernenko et al., 2017).

We should note that the main feature of 

unskilled work is considered to be its accessibility. 

Necessary knowledge, skills and abilities can be 

quickly mastered in the process of work, no special 

professional education is required. In the classifier 

of occupations, which is intended for conducting 

statistical surveys of population distribution by types 

of occupations, the group “unskilled workers” is 

singled out: cleaners and servants in houses, hotels 

and various institutions, as well as unskilled workers 

in agriculture, forestry, mining, construction, 

manufacturing and transportation (packers, loaders, 

laborers, garbage collectors and recyclers, etc.)2. 

These activities are assessed as non-prestigious, 

employers save on labor costs and wage levels are 

often low, although unskilled labor is in demand 

and, having gained professional experience and 

good skills, a worker can move to a better-paid 

job and a corresponding new position that does 

2 All-Russian Classificatory of Occupations. OK 010–
2014 (MSKZ–08). Moscow: Standartinform, 2015.
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not require special professional education (e.g., 

managing a group of unskilled workers), which can 

serve as an incentive to improve education.

However, unskilled labor also has a negative 

impact on the economy: workers are more likely to 

make mistakes, allow defects, which leads to an 

increase in costs. In addition, employee’s skill 

competence affects the productivity and safety of 

labor, reducing the level of various risks and injuries 

at work. This is important not only for enterprises 

and organizations, but also characterizes the balance 

of the labor market at the level of the national 

economy and regions (Nanavyan, 2020). The use 

of new technologies and equipment, automation 

of production processes can improve the situation. 

These processes are closely related to sectoral and 

regional differences, which largely determine the 

opportunities for the development of regional 

economies, the creation of decent jobs, increasing 

the level of enterprises’ innovation activity and the 

human potential development.

Therefore, the economy’s development, inclu-

ding regional economy, involves the identification 

of promising areas of specialization and the 

formation of appropriate human resources. At 

the same time, as it is rightly noted in the article 

(Rumyantsev et al., 2022), “determination of 

promising economic specialization is a more 

complex procedure, which is difficult to carry out 

using only mathematical methods. ... In order for 

the restructuring of the economy to lead to the 

activation of its dynamics, it is necessary to take 

into account the existing economic specialization 

of the region, to detect and eliminate “bottlenecks” 

of value chains (VC), to act through the formation 

of highly productive sectors with export orientation, 

but it is worth to balance the ratio of domestic and 

foreign markets”. We should also say that it can be 

done on the basis of comparative analysis, which 

allows not only identifying and determining trends, 

but also assessing the prospects for the development 

of the occupational employment structure, which is 

especially important for the labor market research.

In this regard, the aim of our work is to assess 

the economic complexity of the occupational 

employment structure and the economic complexity 

of occupational groups of the employed population 

in Russia’s regions, to identify on this basis the 

trends in the development of the regional labor 

markets.

The information base is the data of the sample 

survey of organizations (except small businesses) 

“On the number and needs of organizations in 

employees by occupational groups” of the Federal 

State Statistics Service, the results of which allow 

analyzing occupational and qualification structure 

of the number of employees, including the 

constitute entities of the Russian Federation, as well 

as data on the number of doctors and candidates of 

sciences in the RF regions3.

 According to the Classificatory of Occupations 

OK 010-2014 (MSKZ-08) (OKZ), the survey 

presents the following occupational groups. 

1.  Managers.

2.  Specialists of the highest skill level.

3.  Specialists of the middle skill level.

4.  Employees involved in the preparing and 

processing of documentation, accounting and 

servicing.

5.  Employees of service and trade, protection 

of citizens and property.

6.  Skilled agricultural, forestry and fishery 

workers.

7.  Skilled workers in industry, construction, 

transportation and related occupations.

8.  Operators of production plants and 

machines, assemblers and drivers.

9.  Elementary occupations.

The objects of classification in OKZ are 

occupations. An occupation is understood as  

3 On the number and needs of organizations in employees 
by occupational groups Rosstat. Moscow, 2022; Regions 
of Russia. Socio-economic indicators. 2022: Collection of 
articles. Rosstat. Moscow, 2022. 1122 p.
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a type of labor activity carried out at a workplace 

with a relatively stable composition of labor 

functions (works, duties), generating earnings or 

income. Occupation includes any type of labor 

activity, both requiring and not requiring special 

training4.

Assessment methodology

To analyze the occupational employment 

structure in the region, we used the data on the 

number of employees of the organizations of  

the RF constituent entities by occupational groups, 

and revealed their comparative advantages on the 

basis of the indicator 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘. .
Let us determine the 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘.  of identified com-

parative advantage (Balassa, 1965): 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 = (𝑧𝑧𝑧𝑧𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/∑ 𝑧𝑧𝑧𝑧𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)𝑘𝑘𝑘𝑘 / (∑ 𝑧𝑧𝑧𝑧𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/∑ 𝑧𝑧𝑧𝑧𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 ),  (1)

where 𝑧𝑧𝑧𝑧𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘   – number of employees of occupa-

tional group 𝑗 in region 𝑘;

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘.  – ratio of share of occupational group 𝑗 
in total number of occupational groups of region 𝑘 

to the share of occupational group 𝑗 in all regions of 

the total number of all occupational groups in the 

regions. 

In accordance with the works (Balassa, 1965; 

Hausmann, Klinger, 2006), the indicator 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘.   

4 The literature rightly notes that “...given the complexity 
of defining methodological approaches and key indicators 
to forecast employment and the economy’s needs in certain 
occupations, the biggest problem for forecasting occupational 
structure is the lack of sufficiently complete statistics of 
occupations in Russia, which still does not fully comply with 
internationally accepted norms. In particular, although the 
methodology and scope of the survey are improving, it is 
poorly applicable for in-depth analysis of regional differences 
and construction of econometric models to identify the causes 
of these differences. The occupational groups themselves by 
the name of the survey fully correspond to the All-Russian 
Classificatory of Occupations, but the question arises: do 
Russian statistical agencies use the terms “occupation” and 
“profession” as synonyms or introduce any specificity in them 
depending on the context of use. Accordingly, in Russian 
studies of occupational deficit in employment and on the labor 
market there are isolated works using a simple probit model, 
which consider only the deficit of qualified personnel in 
general without occupational division” (Tkachenko, Ginoyan, 
2021).

can be used to identify comparative advantages of 

occupational groups in regions, for which the 

condition of the bottom constraint type is checked. 

If the value of 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘.  exceeds one, we will assume 

that occupational group 𝑗 in region 𝑘 has revealed 

comparative advantages in terms of the number of 

employees of organizations. Otherwise, there are no 

identified comparative advantages::

               𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 = �
1, 𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘  ≥ 1;

 0, 𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘  < 1.                     (2)

The matrix 𝐴𝐴𝐴𝐴 = �𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘�  contains data on 

occupational groups, which in different regions have 

comparative advantages in terms of the number of 

employees of organizations. The rows of this 

matrix correspond to regions, the columns – to 

occupational groups. An occupational group with 

the identified comparative advantages in the region 

will be called a strong occupational group of the 

region, the feature of which is that its share in the 

total number of employed population of the region 

is higher than the share of this group in the national 

labor market. 

The vector �𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑗𝑗𝑗𝑗1 ,⋯ ,𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑗𝑗𝑗𝑗𝑚𝑚𝑚𝑚�  will be called the 

structure of strong occupational groups of region 𝑘. 

Further the matrix 𝐴𝐴𝐴𝐴 = �𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘�  will be considered  

as a formal description of regional structures of 

professional employment.

In the work, we consider the economic complexity 

of the skilled/occupational employment structure  

(for short, the economic complexity of the employment 

structure) as a characteristic reflecting the deve-

lopment rate of the region’s human capital, 

which is determined by estimates of the economic 

complexity of strong occupational groups in the 

structure of its economy. Similarly, the “economic 

complexity of an occupational group” is a feature of 

the average level of human capital development 

of the representatives of this group and depends 

on the economic complexity of the occupational 

employment structures of those regions in which 

this occupational group is strong. 
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Let us denote the estimate of economic 

complexity of the occupational employment 

structure in region 𝑘 by 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘  ; the estimate of 

economic complexity of occupational group 𝑗 by  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗 . According to the economic complexity 

concept (Hausmann et al., 2006; Hidalgo, 

Hausmann, 2009; Hartmann et al., 2017; Afanasiev, 

Kudrov, 2021), these complexity estimates have the 

following properties. The economic complexity of 

a region’s employment structure is proportional to 

the average level of economic complexity of strong 

occupational groups in that region:

                    𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑘𝑘 = 𝑎𝑎𝑎𝑎1 ∑ 𝑟𝑟𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 ,               (3)

where  𝑞𝑞𝑞𝑞𝑘𝑘𝑘𝑘0 = ∑ 𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘    – number of strong profes-

sionals in a region, 𝑟𝑟𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 =
𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑞𝑞𝑞𝑞𝑘𝑘𝑘𝑘0

   – weighting factor,  

𝑎𝑎𝑎𝑎1  – positive constant.

The economic complexity of an occupational 

group is proportional to the average level of 

economic complexity of occupational employment 

structures in the regions, in which the occupational 

group is strong: 

                   𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗 = 𝑎𝑎𝑎𝑎2 ∑ 𝑟𝑟𝑟𝑟𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 ,                  (4)

where   𝑞𝑞𝑞𝑞𝑗𝑗𝑗𝑗0 = ∑ 𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑗𝑗𝑗𝑗𝑘𝑘𝑘𝑘   – number of regions, in 

which the occupational group is strong, 𝑟𝑟𝑟𝑟𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗∗ =
𝑎𝑎𝑎𝑎𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗
𝑞𝑞𝑞𝑞𝑗𝑗𝑗𝑗0

  –  

weighting coefficient, 𝑎𝑎𝑎𝑎2  – positive constant.

The PSCI index measures the economic 

complexity of occupational employment structures 

in regions by combining information on the diversity 

of occupational employment structures (the number   

𝑞𝑞𝑞𝑞𝑘𝑘𝑘𝑘0  of strong occupational groups in a region) and 

the prevalence of occupational groups (the number   

𝑞𝑞𝑞𝑞𝑗𝑗𝑗𝑗0  of regions in which an occupational group is 

strong). The idea behind the PSCI index is that the 

occupational employment structures of regions with 

high complexity scores are diversified, containing 

strong occupational groups with low prevalence and 

relatively high economic complexity scores, and 

therefore only a few regions have developed these 

occupational groups to the level of strong ones. 

Regional occupational employment structures with 

relatively low estimates of economic complexity 

include strong occupational groups with relatively 

high prevalence and low estimates of economic 

complexity. 

Let 𝒔𝒔𝒔𝒔 = �𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑘𝑘1 ,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑘𝑘2 ,⋯�
𝑇𝑇𝑇𝑇

  be a vector-

column of assessments of the economic complexity 

of the region’s employment structure;

𝒈𝒈𝒈𝒈 = �𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗1 ,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗2 ,⋯�
𝑇𝑇𝑇𝑇

  is a vector-column of 

assessments of the economic complexity of 

occupational groups;

𝑹𝑹𝑹𝑹1 = �𝑟𝑟𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘�, 𝑹𝑹𝑹𝑹2 = �𝑟𝑟𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘∗ �  are weight matrices. 

From relations (3) and (4) it follows that 

𝑠𝑠𝑠𝑠 = 𝑎𝑎𝑎𝑎1𝑎𝑎𝑎𝑎2𝑹𝑹𝑹𝑹1𝑹𝑹𝑹𝑹2𝒔𝒔𝒔𝒔,   𝒈𝒈𝒈𝒈 = 𝑎𝑎𝑎𝑎1𝑎𝑎𝑎𝑎2𝑹𝑹𝑹𝑹2𝑹𝑹𝑹𝑹1𝒈𝒈𝒈𝒈. . 

Thus, the assessments of economic complexity 

of employment structure in regions are components 

of the eigenvector of the matrix R
1
R

2
, and the 

assessments of economic complexity of occupational 

groups are components of the eigenvector of the 

matrix R
2
R

1
.

The matrices R
1
R

2
 and R

2
R

1
 are stochastic: their 

elements are non-negative and their sum over the 

rows is 1. Due to stochasticity, the matrix R
1
R

2
 has 

an eigenvalue equal to 1 and an eigenvector 

corresponding to it, which consists of the same 

coordinates. In accordance with the approach to 

estimating economic complexity presented in the 

works (Hausmann and Rodrik, 2003; Sciarra et 

al., 2020), we will use the eigenvector of the matrix 

R
1
R

2
, which corresponds to the second maximum 

eigenvalue, as estimates of the economic complexity 

of the regional employment structure. As estimates 

of the economic complexity of occupational groups 

we will use the eigenvector of the matrix R
2
R

1
, which 

corresponds to the second maximum eigenvalue. 

It is worth noting that the estimates of economic 

complexity of the regional employment structure 

and occupational groups are relative. They do not 

depend on the scale of the regional economy, and 

they can take both positive and negative real values 

(Afanasiev, Kudrov, 2021).  
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Input data and results

Data structure. To assess the economic comp-

lexity of the occupational employment structure 

and the economic complexity of occu pational 

groups of the employed population in Russia’s 

regions, we used Rosstat data on the list number 

of employees of organizations by occupational 

groups in the RF constituent entities for 2018, 2020 

and 2021, which reflect the number of employed 

people in the regions by nine occupational groups 

in accordance with the All-Russian Classificatory 

of Occupations OK 010-2014. In addition, we took 

into account the data on the number of doctors 

and candidates of sciences in the RF constituent 

entities.

We considered each employee of an organization 

only in one of the occupational groups, so the 

number of the occupational group “specialists of 

the highest skill level” in each region was reduced 

by the total number of doctors and candidates 

of sciences. As a result, we used the data on 11 

“occupational groups”, including the group of 

doctors of sciences and the group of candidates of 

sciences, for calculations (column (4) of Table P2 

of the Appendix).

Calculation results. In accordance with the 

methodology described above, we obtained assess-

ments of the economic complexity of regional 

employment structures and the economic comp-

lexity of occupational groups using data for 

Figure 1. Matrix 0-1 region – occupational group with rows ordered by PSCI and columns ordered by PGCI

Source: own compilation.
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2018, 2020 and 2021. Table P1 of the Appendix 

shows estimates of the economic complexity of 

occupational employment structures of 79 regions. 

The regions are grouped by federal districts and 

arranged in the order used by Rosstat. Table P2 

of the Appendix provides estimates of the economic 

complexity of occupational groups. The occupa-

tional groups are arranged in descending order of 

their complexity estimates for 2021, presented in 

column (5) of this table.

Figure 1 presents the 0-1 matrix describing the 

employment structure in Russia’s regions according 

to the data for 2021. The matrix rows correspond to 

regions, columns – to occupational groups. A dark 

cell means that the corresponding element 𝑎𝑎𝑎𝑎𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘    

of the matrix is equal to 1, i.e. the occupational 

group is strong in the region. Otherwise, the matrix 

element is zero and the occupational group is not 

strong in the region. The rows of the matrix are 

ordered from bottom to top by increasing estimates 

of the economic complexity of the employment 

structure in 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘   regions. The columns are 

ordered from left to right by increasing estimates of 

economic complexity of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗  occupational groups. 

The upper rows of the matrix contain significantly 

more units than the lower rows. Accordingly, regions 

with higher estimates of the economic complexity 

of occupational employment structures contain 

more strong occupational groups than regions with 

low estimates. The employment structures of these 

regions are more diverse.  

Occupational groups with relatively high 

estimates of economic complexity 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗  are strong 

predominantly in regions with relatively high 

estimates of economic complexity of employment 

structure. These occupational groups have relatively 

low prevalence estimates (columns (1–3) of Table 

P2 in the Appendix). Accordingly, the bottom right 

corner of the matrix is weakly filled with units. 

Occupational groups with relatively low estimates 

of economic complexity are strong predominantly 

in regions with relatively low estimates of economic 

complexity of employment structure, the upper 

left corner of the matrix is weakly filled with 

units. We can conclude that the structure of the 

matrix correctly reflects the idea of the approach 

to assessing economic complexity based on the 

concept of identified comparative advantages, 

which is represented in this study by formulas (1), 

(2), and the conditions of interrelation of estimates, 

represented by formulas (3), (4). We should note one 

important advantage of this approach: the possibility 

of obtaining interrelated assessments of the 

economic complexity of the regional employment 

structure and estimates of the economic complexity 

of occupational groups is provided5. 

According to 2021 data, the calculations allow 

identifying the following five regions with the 

highest 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘   assessments of the economic comp-

lexity of the employment structure (in decrea-

sing order): the Tomsk Region, the Novosibirsk 

Region, Moscow, Saint Petersburg, and the Moscow 

Region. High scores are explained by the fact that 

the following occupational groups are strong in 

these regions: doctors of sciences, candidates of 

sciences, specialists of the highest skill level. These 

occupational groups have relatively low prevalence 

(column 3 of Table P2) and high estimates of 

economic complexity (column 5 of Table P2). The 

position of these regions in the ranking is stable. The 

standard deviation of the difference between the 

ranks of economic complexity estimates for 2018 

and 2021 is 14.3. The mathematical expectation 

is close to zero. The modulus change in the ranks 

of estimates within the standard deviation will be 

assessed as insignificant. For the above five regions, 

the ranks of their estimates in the time period under 

consideration change insignificantly (Tab. P1).

5 Other approaches can be used to assess the complexity 
of the occupational employment structure. For example, the 
Shannon entropy calculation or complexity assessment using 
the Herfindahl–Hirschman index. This paper does not aim at 
comparative analysis of the approach described by formulas 
(1–4) with alternative approaches to complexity assessment.  



99Economic and Social Changes: Facts, Trends, Forecast                 Volume 16, Issue 6, 2023

Afanasiev M.Yu., Gusev A.A., Nanavyan A.M.REGIONAL  ECONOMICS

We note three regions with the lowest scores in 

2021: the Arkhangelsk Region, the Perm Territory, 

and the Tyumen Region. In each of them, there are 

only two strong occupational groups: skilled 

workers in industry, construction, transportation 

and workers in related occupations; operators of 

production plants and machines, assemblers and 

drivers. These occupational groups have high 

prevalence (column 3 of Table P2) and relatively 

low estimates of economic complexity (column 5 of 

Table P2). For the Arkhangelsk Region, the change 

in the ranking of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘   assessments is significant. 

The position in the rating of the Perm Territory and 

the Tyumen Region is stable over time. 

Over the period under review, 8 regions marked 

with (**) in the first column of Table P1 significantly 

improved their positions in the 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘   score ranking. 

According to the results of the clustering of regions 

by GRP structure presented in (Afanasiev et 

al., 2018), most of these regions have developed 

manufacturing sectors. At the same time, 10 

regions marked with (*) significantly worsened 

their positions in the ranking. Most of them have 

developed extractive industry sectors. A significant 

change in the assessment of economic complexity 

of the region’s occupational employment structure 

is the result of a change in the structure of strong 

occupational groups. The change in this assessment 

may be influenced, although to a lesser extent, 

by the change in the assessments of economic 

complexity of occupational groups presented in 

columns 5–7 of Table P2. 

Table 1 shows the correlation coefficients of 

assessments of economic complexity of the 

occupational employment structure in the regions, 

calculated on the basis of three-year data. These 

estimates are highly stable over time.

Table 2 shows the correlation coefficients of the 

assessments of economic sophistication of the 11 

occupational groups based on three years of data. 

The estimates of occupational groups are also stable 

over time.

On the left, using data for 2020, Figure 2 shows 

the relationship between assessments of the 

economic complexity of occupational groups 

(column (6) of Table P2 of the Appendix) and their 

prevalence rates (column (2) of Table P2). On the 

right, using data for 2021, Figure 2 presents the 

relationship between the estimates of occupational 

groups from column (5) of Table P2 of the Appendix 

(on the ordinate axis) and their prevalence rates 

from column (3) of the same table.

Table 1. Correlation coefficients of assessments of economic complexity  
of the occupational employment structure 

PSCI 2018 PSCI 2020 PSCI 2021

PSCI 2018 1 0.836 0.799
PSCI 2020 0.866 1 0.837
PSCI 2021 0.838 0,886 1
Below the main diagonal are Pearson correlation coefficients. 
Above the main diagonal are Spearman rank correlation coefficients.
Source: own compilation. 

Table 2. Correlation coefficients of assessments of economic complexity of occupational groups

PGCI 2018 PGCI 2020 PGCI 2021

PGCI 2018 1 0.936 0.927
PGCI 2020 0.976 1 0.973
PGCI 2021 0.974 0.979 1
Below the main diagonal are Pearson correlation coefficients. 
Above the main diagonal are Spearman rank correlation coefficients.
Source: own compilation.
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An increase in the prevalence of an occupational 

group is accompanied by a downward trend in the 

estimate of its economic complexity. The exception 

is the group of unskilled workers, which has 

the highest prevalence and a higher estimate of 

economic complexity than the three groups of 

skilled workers. These features are also characteristic 

of the results obtained from the 2018 data (see 

columns (7) and (1) of Table P2 of the Appendix, 

respectively).

Of particular interest is the analysis of changes 

in the ranks of professional groups’ assessments over 

time. For the three years under consideration, the 

ranks are shown in columns (8–10) of Table P2 of 

the Appendix. We can note that for five professional 

groups the ranks do not change over time, including 

for doctors and candidates of sciences, as well 

as specialists of the highest skill level. For four 

occupational groups the ranks do not change by 

more than one unit, i.e. insignificantly. The ranks of 

economic complexity estimates change significantly 

(by more than one unit) for two professional groups: 

“managers” (the position of the occupational group 

improves against the background of its decreasing 

prevalence) and “employees in the service and 

trade, protection of citizens and property” (the 

position worsens against the background of its 

increasing prevalence). Changes in the occupational 

employment structures in the regions and the 

characteristics of the prevalence of occupational 

groups may be caused by long-term trends in 

the structure of the labor market. The impact of 

the coronavirus pandemic is also possible, since 

the greatest impact of the restrictions was on the 

employment of workers in the market services 

sector, where “the key risk factors for job loss were 

the need for direct contact with the consumer in 

carrying out a particular type of activity and the 

presence of obstacles to the transition to a remote 

mode of work” (Soboleva, Sobolev, 2021).

The assessments of economic complexity of  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗  occupational groups and the ranks of these 

Figure 2. Dependence of assessments of economic complexity  
of occupational groups on their prevalence (abscissa axis – prevalence of occupational 

group, ordinate axis – estimate of economic complexity of occupational group)

Source: own compilation.
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estimates correspond to the existing opinions about 

the average level of human capital development 

of representatives of these groups. A similar 

interpretation of occupational complexity esti-

mates was used in the analysis of occupational 

employment structures in the UK municipalities 

and US states (Mealy et al., 2019). The 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘   

economic complexity estimates of the occupational 

employment structures of regions and their ranks 

can be considered as relative characteristics of 

the level of human capital development, since 

the ability of a region to develop to the level of 

strong occupational groups with high economic 

complexity estimates depends on the accumulated 

knowledge. The possibility of interpreting estimates 

of economic complexity of production structures as 

estimates of the level of human capital development 

of countries and regions was noted, for example, in 

the work (Hidalgo, 2015). 

The assessment of the occupational group 

“unskilled workers” attracts attention. It is higher 

than the estimates of the three groups of skilled 

workers. However, this circumstance correctly 

reflects the current view of the assessment of 

human capital of unskilled workers. In the work 

(Vishnevskaya, Zudina, 2017), which analyzes the 

future state of the occupational structure of the 

labor force in European countries, it is noted that 

“the demand for the labor of unskilled workers is 

expected to increase, which will be observed against 

the background of a decrease in the number of 

skilled working professions”. Some researchers (see, 

for example, Crouch, 2010) consider the expansion 

of demand for unskilled labor “as a confirmation 

of the U-shaped scenario of the development of 

the occupational structure, when not only qualified 

specialists are in demand, but also workers with 

low levels of education and training”. The work 

(Walter, Lee, 2022) points out that the nature of 

digitalization is changing particularly dynamically in 

a number of occupations. First of all, these are jobs 

with a large share of non-standard manual tasks, 

the accelerated digitalization of which leads to the 

obsolescence of competencies. The authors indicate 

that a number of specialized skills are becoming 

obsolete faster than general competencies. At 

the same time, the contribution of education to 

productivity is most intensively depreciated in high-

tech jobs characterized by a large share of non-

standard interactive and manual, as well as standard 

cognitive tasks.

The estimates of economic complexity of 

occupational groups we obtained do not contradict 

the hypothesis about the U-shaped character of 

human capital development of occupational groups 

(see Fig. 2). The unskilled labor force constitutes 

a significant part of the labor market, performing 

everyday production tasks that do not depend on 

technical abilities or skills. According to statistics 

published by the Bureau of Labor Statistics6, 

unskilled and low-skilled labor will account for the 

maximum increase in jobs between 2014 and 2024.  

We have assessed the relationship between the 

economic complexity of the regional employment 

structure for 2020 and the increase in GRP per 

capita, which is calculated as the difference of 

GRP per capita for 2020 and 2018. Several regions 

with developed extractive industries, in which 

the change in GRP per capita over the period is 

more than 100 thousand rubles and is explained 

by the high share of natural rent in GRP, were 

excluded from the consideration (Afanasiev et 

al., 2018; Afanasiev, Kudrov, 2020). These are the 

Murmansk and Tyumen regions, the Republic of 

Sakha (Yakutia), the Kamchatka Territory, the 

Khabarovsk Territory, the Magadan and Sakhalin 

regions, and the Chukotka Autonomous Area. The 

Pearson correlation coefficient of assessments of 

economic complexity of employment structure and 

GRP per capita growth is 0.285. we can observe 

their significant interrelation. 

6 Available at: https://nesrakonk.ru/unskilled-labor
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The research assessed the relationship between 

the economic complexity of the regional employ-

ment structure and the per capita income. We 

excluded the Tyumen Region and the Chukotka 

Autonomous Area from consideration. The 

Pearson correlation coefficient of assessments of 

economic complexity of employment structure 

and per capita income is 0.332 according to 

2020 data and 0.301 according to 2021 data. The 

obtained results do not contradict the possibility of 

interpreting the estimates of economic complexity 

of the regions’ occupational employment structures 

as characteristics of the level of human capital 

development, which affect the level of material well-

being.

Estimates of the economic complexity of 

occupational employment structures can be used 

to develop a methodology for selecting priority 

directions of diversification of the regional economy 

(Afanasiev, Il’in, 2022). This methodology allows 

justifying the choice of a sector for the development 

to the level of a strong sector in the region using 

a number of criteria based on assessments of 

the economic complexity of the structures of 

strong sectors in the regions.  The number of 

criteria can be expanded using assessments of the 

economic complexity of employment structures 

and occupational groups, considering them 

as characteristics of the level of human capital 

development, influencing the level of material 

well-being. The application of the methodology of 

selecting priority directions of diversification using 

digital technologies in regional situation centers 

can ensure the coordination of decisions made by 

regions in choosing the directions of diversification 

to improve the economic security of the country. 

Conclusions

We obtained assessments of the economic 

complexity of the regional occupational employ-

ment structure and the economic complexity of 

occupational groups based on data for 2018, 2020 

and 2021. The 0–1 region is occupational group 

matrix with rows and columns ordered by the 

values of these estimates correctly reflects the idea 

of the approach to assessing economic complexity 

based on the concept of identified comparative 

advantages. 

The regions with the highest assessments of the 

economic complexity of the occupational 

employment structure are the regions in each of 

which the strongest occupational groups are: 

doctors of sciences, candidates of sciences, 

specialists of the highest skill level. These 

occupational groups have relatively low prevalence 

and high estimates of economic complexity. The 

regions with the lowest estimates are those with 

only two strong occupational groups in each: 

skilled industrial, construction, transportation, 

and related occupations; manufacturing plant and 

machine operators, assemblers, and drivers. These 

occupational groups have high prevalence and 

relatively low estimates of economic complexity. 

For each year considered, an increase in the 

prevalence of an occupational group is accompanied 

by a downward trend in its complexity score. A 

characteristic exception is the group of unskilled 

workers, which has the highest prevalence and a 

higher assessment of complexity than the three 

groups of skilled workers.

For the majority of regions, the ranks of assess-

ments of economic complexity of occupational 

employment structures did not change or changed 

insignificantly over the period under review. Eight 

regions, predominantly with developed sectors of 

manufacturing industry, significantly improved their 

positions in the ranking due to the diversification of 

occupational employment structures. Ten regions 

with developed extractive industries worsened their 

positions in the rating. 

For five occupational groups, the ranks of comp- 

lexity scores did not change over time, including for 

doctors of sciences, candidates of sciences and 

specialists of the highest level of qualification. For 

four professional groups the ranks change by no 
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of decisions can be increased by using estimates 
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Appendix

Table P1. Assessments of the complexity of the occupational structure of the employed in 
the RF regions and assessment ranks based on data for 2018, 2020 and 2021

Region
2018 

assessment
2020 

assessment
2023 

assessment

2018 
assessment 

rank

2020 
assessment 

rank

2021 
assessment 

rank

Belgorod Region -0.1496 -0.1342 -0.1290 68 69 65

Bryansk Region -0.0651 -0.0732 -0.0889 50 48 56

Vladimir Region -0.0243 -0.1342 -0.0675 38 69 52

Voronezh Region -0.0345 0.0285 0.0666 45 27 15

Ivanovo Region 0.1035 0.0157 0.0412 9 28 21

Kaluga Region -0.0733 -0.0401 -0.0445 58 39 45

Kostroma Region -0.0666 -0.0609 -0.1022 51 44 57

Kursk Region -0.1496 -0.1199 -0.1552 68 65 72

Lipetsk Region -0.1943 -0.0927 -0.1037 74 58 60

Moscow Region 0.1973 0.1598 0.2212 5 8 5

Orel Region -0.1204 -0.0752 -0.0321 65 52 43

Ryazan Region -0.0292 -0.0893 -0.0033 41 55 33

Smolensk Region -0.1081 -0.0873 -0.1290 62 54 65

Tambov Region -0.1496 -0.0927 -0.0870 68 58 55

Tver Region -0.0236 -0.0307 -0.0275 36 35 40

Tula Region -0.1081 -0.0914 -0.1135 62 56 62

Yaroslavl Region -0.0236 -0.0324 -0.0266 36 37 39

Moscow 0.2518 0.2401 0.2448 1 3 3

Republic of Karelia 0.0276 -0.0264 -0.0022 25 33 31

Republic of Komi* -0.0001 -0.0264 -0.1037 31 33 60

Archangelsk Region* -0.0980 -0.1464 -0.2106 61 74 77

Vologda Region -0.1943 -0.0682 -0.1290 74 46 65

Kaliningrad Region 0.0190 0.0290 0.0229 26 26 25

Leningrad Region -0.0581 -0.0743 -0.0452 49 50 46

Murmansk Region 0.0824 -0.0914 -0.0733 16 56 54

Novgorod Region -0.1086 -0.1342 -0.0279 64 69 41

Pskov Region -0.0666 0.0062 -0.0292 51 30 42

Saint Petersburg 0.2284 0.2679 0.2448 4 2 3

Republic of Adygea 0.1049 0.0667 0.0923 8 19 11

Krasnodar Territory 0.0677 0.0678 0.0637 19 17 17

Astrakhan Region 0.0591 0.0606 0.0412 20 20 21

Volgograd Region -0.0064 0.0290 0.0014 33 25 30

Rostov Region 0.0591 0.0727 0.0411 20 16 23

Republic of Dagestan 0.0917 0.0949 0.0992 11 10 7

Republic of Ingushetia 0.0917 0.0949 0.0618 11 10 19

Kabardion-Balkarian Republic 0.2375 0.3133 0.2164 2 1 6

Karachayevo-Circassian Republic 0.0917 0.0468 0.0618 11 21 19

Republic of North Ossetia-Alania 0.0964 0.1009 0.0947 10 9 9

Chechen Republic 0.0917 0.0949 0.0992 11 10 7

Stavropol Territory 0.0535 0.0678 0.0083 23 17 28

Republic of Bashkortostan -0.0435 -0.1032 -0.0198 46 62 36
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Region
2018 

assessment
2020 

assessment
2023 

assessment

2018 
assessment 

rank

2020 
assessment 

rank

2021 
assessment 

rank

Republic of Mari El -0.0708 -0.0839 -0.1290 57 53 65

Republic of Mordovia -0.1943 -0.1342 -0.1290 74 69 65

Republic of Tatarstan -0.0793 -0.1155 -0.1290 59 64 65

Republic of Udmurtia** -0.0808 -0.1199 -0.0032 60 65 32

Chuvash Republic* -0.0292 -0.0674 -0.1239 41 45 64

Perm Territory -0.1390 -0.1943 -0.2106 66 77 77

Kirov Region -0.0288 -0.1025 -0.0567 40 60 48

Nizhny Novgorod Region** 0.0043 0.0467 0.0833 30 22 14

Orenburg Region -0.0325 -0.0455 -0.0369 44 41 44

Penza Region* 0.0094 -0.0716 -0.0604 29 47 49

Samara Region** -0.2323 -0.1214 -0.0202 77 67 37

Saratov Region 0.0740 0.0937 0.0083 17 13 28

Ulyanovsk Region -0.0292 -0.0247 0.0097 41 32 27

Kurgan Region -0.0039 -0.1311 -0.0078 32 68 34

Sverdlovsk Region** -0.1390 -0.0743 -0.0202 66 50 37

Tyumen Region -0.2323 -0.1943 -0.2106 77 77 77

Chelyabinsk Region -0.2323 -0.1943 -0.1166 77 77 63

Republic of Altai 0.0591 0.0423 0.0637 20 23 17

Republic of Tyva 0.0917 0.0772 0.0923 11 15 11

Republic of Khakassia* 0.0119 0.0114 -0.1022 28 29 57

Altai Terrotiry -0.0669 -0.0740 -0.0473 53 49 47

Krasnoyarsk Territory -0.1496 -0.1342 -0.1290 68 69 65

Irkutsk Region* -0.0683 -0.1083 -0.1552 54 63 72

Kemerovo Region           -0.1600 -0.1464 -0.1552 73 74 72

Novosibirsk Region 0.1657 0.2051 0.2484 6 5 2

Omsk Region 0.0392 0.0423 0.0657 24 23 16

Tambov Region 0.2285 0.2067 0.3152 3 4 1

Republic of Buryatia** -0.0435 0.1848 0.0945 46 6 10

Republic of Sakha (Yakutia)* -0.0694 -0.0423 -0.1552 56 40 72

Trans-Baikal Territory* -0.0134 -0.0514 -0.1022 34 42 57

Kamchatka Territory -0.0683 -0.0323 -0.0640 54 36 50

Primorye Territory 0.1198 0.1717 0.0841 7 7 13

Khabarovsk Territory -0.0134 -0.0325 0.0279 34 38 24

Amur Region -0.1496 -0.1464 -0.1552 68 74 72

Magadan Region 0.0722 0.0908 0.0210 18 14 26

Sakhalin Region -0.0268 -0.0112 -0.0640 39 31 50

Jewish Autonomous Region* 0.0190 -0.1025 -0.0675 26 60 52

Chukotka Autonomous Area -0.0471 -0.0587 -0.0176 48 43 35

* Regions significantly worsened their positions in the PSCIk score ranking.
** Regions significantly improved positions.

End of Table P1
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Table P2. Assessments of the complexity of occupational groups of the employed 
in the RF regions based on data for 2021, 2020 and 2018

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

2018 2020 2021 2021 2020 2018 2021 2020 2018

7 8 8 Doctor of Sciences 1.694 1.722 1.804 1 1 1

9 9 8 Candidate of Sciences 1.600 1.584 1.505 2 2 2

27 22 21 Senior Professionals 0.697 0.630 0.445 3 3 3

22 19 14 Managers 0.234 -0.056 -0.172 4 5 7

23 21 24
Employees involved in preparing and 
processing of documentation, accounting 
and servicing

-0.110 0.365 0.079 5 4 5

24 29 33
Employees in the service and trade sectors, 
protection of citizens and property

-0.148 -0.318 0.192 6 7 4

45 37 43 Middle-skilled professionals -0.206 -0.122 -0.012 7 6 6

61 60 62 Unskilled workers -0.605 -0.617 -0.425 8 8 8

35 40 36
Skilled in agricultural, forestry and fishery 
workers

-0.629 -0.805 -0.835 9 9 9

42 42 47
Skilled workers in industry, construction, 
transportation and related occupations

-1.234 -1.261 -1.310 10 11 11

41 45 43
Operators of production plants and 
machines, assemblers and drivers

-1.291 -1.122 -1.270 11 10 10

Column name:
(1), (2), (3) – number of regions in which the occupational group is strong (prevalence),
(4) – name of the occupational group,
(5), (6), (7) – assessing the economic sophistication of the occupational group,
(8), (9), (10) – rank of economic complexity score of the occupational group.


