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Abstract

The article is devoted to assessment of the development level of the Central Federal district, based on the study 
of gross domestic product by region by Russian Classification of Economic Activities grouped by institutional 
sector of the economy. We apply the author's methodological toolkit that includes the formation of individual 
and integrated indicators of the functioning of complex systems, considered as socio-ecological and economic 
systems. The algorithm of constructing indicators is based on aggregate data and econometric modeling and 
takes into account both individual assessment indicators and specific conditions for these systems functioning 
(factors of condition and impact). We present the methodology of forming the harmonic coefficient characterizing 
the equilibrium of socio-ecological and economic systems economic development by activities, the latter is one 
of the criteria of complex systems stability. This approach was tested on the example of Central Federal district 
regions using Russian Federation Federal State Statistics Service data for 2007–2015.
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INTRODUCTION
Assessment of the state of the regions, the features of their functioning, development and resistance 
to the impact of external negative processes requires further development of existing approaches, 
the construction of refined or the creation of new models based on  traditional and time-tested solutions 
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in the study of complex systems existing in Russian and worldwide practice. The region as an administrative-
-territorial unit is a socio-ecological and economic system (SEES), and its study is connected with a set 
of methodological, conceptual, descriptive and interpretational problems inherent in most objects in the 
modern world. The identification of SEES, their analysis and assessment depend on the viewpoint, used 
approaches, methods of data processing and their presentation, that’s why we can observe their wide 
variety. Modern economists, sociologists and geographers chose the indicators for assessing the state of the 
regions according to their applied tasks, research objectives as well as the generality of the category under 
study and expert conclusions (Aivazian, 2012). It determines a wide variety of approaches, techniques, 
models, as well as the use of private and integral indicators. The study of the economic component of 
the SEES in conjunction with various factors (conditions) of its functioning enables to take an objective 
approach to the formation of integrated strategies for the socio-economic and ecological development 
of the region, thereby ensuring reliable positions of the state in the world political arena. 

The aim of this paper is to assess the level of economic development of the Central Federal district 
(CFD) regions taking into account the specific factors of their operation and also to evaluate the balance 
of economy by the study of certain types of economic activities. 

The key method is supposed to use the author’s approach presented in the part Data and Methods. 
It is based on the methods of system analysis, econometric modeling, correlation and regression analysis 
and the convolution algorithm of data. 

1 SURVEY AND LITERATURE REVIEW 
Economic evaluation of the region includes a number of indicators, the gross domestic product by region 
(GDP by region), usually calculated per capita at purchasing power parity, belongs to the most generalized 
ones.. The System of National Accounts (SNA) (Zander, 2012) is a commonly used methodology for 
calculating GDP by region. Econometric approach to clustering and regional estimation of GDP by 
region is considered in the work by (Aivazyan et al., 2016). Other macroeconomic indicators (indicators 
of economic potential use) estimating the economy of a subject of the Russian Federation include 
unemployment rate, consumption of fixed capital, capital productivity, material and capital intensity 
(Arzhenovskiy, 2014). A more detailed assessment can be made by studying the particular spheres of 
goods and services production, the first of them includes industry, agriculture and forestry, construction 
(Morozova, 2012). Service industries are divided into transport and communication services, trade and 
procurement, public catering and other services (market, non-market, including science, health, education, 
defense, management). Kolesnikov et Tolstoguzov (2016) put forward the plan of studying the regional 
economy state by the index of added value (the ratio of gross value added per capita to the average for 
Russia) for certain economy sectors and the sections included herein (types of activities according to 
Federal State Statistics Service of the Russian Federation – ROSSTAT). Within the framework of the 
integrated model of the regional economy functioning, where attention is paid to the mechanism of 
relations between economic entities, Bozo (2012) adduces 6 blocks that reflect the production of goods, 
market and non-market services, demography, government revenues and expenditures, basic balance 
relations, as well as the indicators of socio-economic development. A number of scientists use a cluster 
approach to the economic development assessment (Enright, 1996).

In a number of recent studies, the assessment of the regional economy condition is replaced by a study 
of its potential,i.e. hidden opportunities to ensure the production of goods and services within the economic 
activities of economic entities in order to meet the needs of the population. So the Ministry of Economic 
Development of the Russian Federation (formerly the Ministry of Economic Development and Trade 
of the Russian Federation) offered the methodology to assess the economic potential of the region 
that has 12 indicators including GDP by region per capita at purchasing power parity (Chernitsky, 
2014).
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The methodology of the Expert RA (Russian rating agency) contains 9 indicators estimating 
the investment potential and appeal of the regions.2 However, the level of economic potential can only 
give an idea of the possible state of the region, provided rational use of its resources, but does not allow 
to assess the real state of the economy. At the same time, GDP by region and its derivatives characterize 
the functioning of the region and its results but not the potential, therefore, they should not be regarded as 
evaluation indicators. So, the study of the region’s economic potential should be aimed at solving problems 
related to the analysis of conditions or factors of economic growth that form its investment appeal.

Another approach to the analysis of the state of economy is connected with the study of economic 
growth (Akerlof et al., 2001; Rothschild et Stiglitz, 1976; Schumpeter, 1935; Solow, 1956). The economic 
growth or sustained increase in the country’s (or region’s) production capacity, meaning the production 
of goods and services, is determined by many significant factors that make up the socio-economic and 
natural resource potential (Lipsits, 2006).

Lipsits (2006) distinguishes five indicators: capital-labor ratio (the average cost of physical production 
capital per person employed in economic activities); used technologies; the educational level of employees; 
methods for the allocation of limited resources; scale of production and its effect.

According to the proposed methodology of the United Nations Development Program (UNDP), 
indicators of sustainable development are divided into 3 categories on the basis of their target: driving 
force, state and response.3 A similar analytical scheme of “impact – changes – consequences” was offered 
by Muhina et al. (1978) for the study of complex systems. The Organization for Economic Cooperation 
and Development (OECD) scheme included a theme, subtopic and indicator (Tarasova et Kruchina, 2006).

The development of the methodologies studying the sustained growth at the mesolevel leads to a change  
in the indicators of the state of complex systems. Gurban et al. (2016) use the growth rate measures 
of the corresponding indicators (GDP by region, price index, imports and exports, investments), when they 
treat the region as a socio-economic system according to the scheme “ecology – population – economy”. 
Shabashev et al. (2016) identified 5 macroeconomic factors closely connected to social and demographic 
indicators that affect the development of the Russian Federation (RF) subjects. They are considered 
within the framework of a structural model formed with the help of multidimensional statistical analysis 
method SEPATH. Meanwhile the problem of choice of the productive and factor attributes remained open 
(the cause-effect relations were studied). Chichkanov et Belyaevskaya-Plotnik (2016) define indicators 
in terms of their threat to economic security (obsolete structure, technologies, renewal of fixed assets, 
profitability and energy costs).

The analysis of modern research has shown that there is no common approach to the choice of indicators 
of the regional economic condition. The wide variety of the latter and sometimes the confusion of the 
used indicators of regional economic assessment make it difficult to evaluate the state and the prospects 
of SEES development.

The first of such inaccuracies is to unite in a group the indicators that characterize different elements 
of one of the schemes divided by the target, for example, “driving force, state and response,” or using 
the same indicator to describe the various blocks of the triad.

The second is the incorrect use of static and dynamic indicators while studying either the state 
(for example, the growth rate of GDP by region per capita) or the development of the complex system 
under study (for example, the unemployment rate).

The third problem is the simultaneous use of indicators, some of which are conditions (factors), 
and others are the result of the functioning of the system under consideration, and this situation leads 
to a violation of the cause-effect relationships characteristic of the SEES. Meanwhile, the performance 

2 The Rating Agency «Rating of RA» [online]. <http://raexpert.ru/ratings/regions/2015/regions_2015.pdf>. [cit. 18.9.2017].
3 The United Nations development programme (UNDP) [online]. <http://www.undp.ru>. [cit. 18.9.2017].
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indicators of socio-ecological-economic systems and the factors (conditions) for their achievement 
often belong to one and the same group, that is, the latter also act as an assessment, not being it in fact. 
Some of them are the derivatives from other indicators (for example, GDP by region, gross output and 
intermediate consumption are assessed simultaneously, and the aim of the study is not the formation 
and composition of the gross domestic product by region), so we can make a conclusion that the selected 
characteristics of the assessment are redundant.

The factorial and productive features of the SEES should be strictly differentiated according to the 
directions of cause-effect relationships (direct or inverse). So the growth of GDP by region depends 
on the investment amount. In its turn, the high GDP by region influences the investment appeal of the 
region. Therefore, their interrelation should be described by a ratio that takes into account the degree 
and direction of this dependence.

The fourth aspect is related to the use of absolute and relative characteristics in one group, because 
it makes it difficult to analyze and make managerial decisions.

The fifth problem deals with the substitution of the concept of the economic state of the system by 
economic or investment potential, as well as the level of economic development or economic growth. 
Herewith, both economic security and stability of the SEES can be studied.

The sixth group combines the ways of forming integrated indicators, where there is no common 
methodology for their design. In most of the works dealing with the integral assessment the arithmetic 
or geometric mean approaches are used (for example, while studying the quality of life) (Mishra et 
Nathan, 2013). A number of researchers use the weights of each of the individual indicators, but their 
weights are determined by experts. The FEA (Functioning Environment Analysis) method, which is 
a Russian analogue of the DEA (DEA – Data  Envelopment Analysis) method (Charnes et al., 1978) makes 
it possible to construct an integral index by solving the non-linear programming problem (determine 
the weight of subindexes) (Krivonozhko et Lychev, 2010). However, their usage violates the conditions 
of dimensionlessness and normalization.

2 DATA AND METHODS
To eliminate the identified inconsistencies and misunderstandings of the goals and results of ongoing 
research, and to select indicators for assessing the state and functioning of complex systems it is important 
to adhere to the following recommendations.

Determine the object of research, the level of detailed elaboration of its structural features and the 
existing cause-effect relationships according to the model and the hypothesis.

Choose (form) a scheme for studying the system and determine the direction of the research (state, 
dynamics, result of functioning, potential, safety, stability, integrated assessment, etc.).

Describe and justify the choice of factor and performance indicators. Divide them into groups (social, 
ecological, economic), corresponding to the chosen scheme and taking into account the available 
information base. The research information base must meet the criteria of reliability, veracity, completeness 
(sufficiency) and relative availability.

Justify the choice of the method and construct the integral index. The integral indicator and the process 
of its construction must have the following properties:

Universality. The possibility of using the approach in any field of activity.
Dimensionlessness. It allows you to compare characteristics that are of a different nature and refer to 

different processes (for example, ecological, economic and social). Dimensionlessness can be achieved 
through the procedure of standardization.

Normalization. Bringing the indicators to a scale from 0 to 1 provides a visual representation of the data.
Normability. It provides the ability to compare the actual data with the norm, that is calculated for 

a particular SEES functioning under its specific conditions.
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Take into account the nexus between private performance indicators. The necessity is justified by 
considering the object of research as a complex system.

Consider the specific conditions of functioning. It assumes the account of the SEES state in the 
quantitative assessment of private and integral indicators.

The approach can prevent the mistakes that are common while studying the SEES.
The individual performance indicator is determined as the ratio of the actual and normative indicator 

values for the selected region (Zhuravlev et al., 2013):

                               ,                                                                           (1)

where                          are actual and normative values of standardized individual performance indicators 
which are specific for explored region, k is the region number, t is the time parameter (t = 1..T), i = 1..m,  
m is the amount of individual performance indicators, the index "0" indicates that the normalization 
procedure has been carried out (bringing to the scale from 0 to 1), and after standardization:

                                                                                                                                                             (2)

                                                                   .                                                                       (3)

Here              are standardized individual performance indicators, defined by the formulas:

                                         ,                     (4)

                                         ,                              (5)

where                                                                    are expected value and standard deviation, respectively.
A generalized performance indicator is calculated as the ratio of individual performance indicators 

(actual and normative) (Zhukov, 2014):

                                                                 ,                          (6)

where      and      are the corresponding paired correlation coefficients.
If             , then we can assume them satisfactory otherwise we are to take measures aimed at the 

achievement of the norm that is calculated for each k of the object.
The application the proposed approach makes it possible to meet all the requirements for integrated 

assessment indicators.
The harmonic coefficient characterizing the balance of the system’s functioning results can be deter-

mined by the formula (Zhukov, 2016, 2017):

                             ,                                                             (7)

)(ˆ
)(

)( 0
,

0
,

, ty
ty

t
ik

ik
ik =ξ

)(0
, ty ik , )(ˆ 0

, ty ik  

}ˆ,min{}ˆ,max{
}ˆ,min{

)( *
,

*
,

*
,

*
,

*
,

*
,

*
,0

,
ikikikik

ikikik
ik yyyy

yyy
ty

−
−

= ,    

}ˆ,min{}ˆ,max{
}ˆ,min{ˆ

)(ˆ *
,

*
,

*
,

*
,

*
,

*
,

*
,0

,
ikikikik

ikikik
ik yyyy

yyy
ty

−
−

=  

ˆ, *
,

*
, ikik yy

))((
))((

)( ,*
, ty

tyMy
ty

i

iik
ik σ

−
=

))(ˆ(
))(ˆ(ˆ

)(ˆ ,*
, ty

tyMy
ty

i

iik
ik σ

−
=

))(( tyM i , ))(ˆ( tyM Mi , ))(( tyi , ))(ˆ( tyiσ

∑∑

∑∑

= =

= =

⋅⋅

⋅⋅

=
m

p

m

q
qkpkpq

m

p

m

q
qkpkpq

k

tytyr

tytyr
t

1 1

0
,

0
,

1 1

0
,

0
,

)(ˆ)(ˆˆ

)()(
)(ξ

pqr  pqr̂
 1)( ≥tkξ

)(
)(

1
,

,

ik

ik
k M
K

ξ
ξσ

−=



ANALYSES

58

where               is expected value,             is standard deviation. The closer to the one Kk, the more harmonic 
the functioning of the object under research is. This indicator does not characterize its specialization, 
but shows the degree of compliance of the indicators under consideration with the norms, taking into 
account specific conditions.

The standardized models of the additive form were chosen as the models for forming the norms:

                                                      ,                       (8)

where n is the number of state factors, s is the number of impact factors, Ci,j , Di,s , are  corresponding 
weight coefficients between i productive (result of functioning of system) and j and s standardized factors 
of *

jx  state and *
sz  impact. When substituting actual values *

jx  and 
*
sz  in (8) for k region you can get 

a individual norm. Herewith:  

                                  ,                                                 (9)

                                 ,                                                     (10)

where xj , zs are  the actual values of factors of state and impact in absolute units of measurement.
As the alternatives to (8) their logarithmic analogs were considered:

                                                                   ,                                                                    (11)

that is the equivalent to the representation of non-linear models, and in case of using labor  and capital 
– to the explanatory variables in the form of Cobb-Douglas (Cobb et Douglas, 1928):

                                       .                                               (12)

The coefficients of the model are determined with the help of a step-by-step least squares method 
(determination of important factors).

So, the actual indicator means real index value which characterizes the level of development of the 
region. The normative indicator is value which is calculated using the model for the region (Formula (8), 
(11) or (12)). When substituting actual and normative values in Formula (1) or (6) you can get individual 
performance indicator or generalized performance indicator correspondingly.

The information base of the research is represented by the ROSSTAT data for the regions of the Cen-
tral Federal district in 2007–2015,4 that also embrace:

– performance indicators (private assessment indicators) that include GDP by regions by economic 
activities (Russian Classification of Economic Activities (NACE (OKVED)) was used in the Rus-
sian Federation till 2015)5 grouped by institutional sector of the economy;

– factors of state and impact from the qualitative point of view, they have a social, economic and 
socio-economic meaning.
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4 Federal State Statistics Service of the Russian Federation (ROSSTAT) [online]. <http://www.gks.ru>. [cit. 20.6.2017].
5 Russian Classification of Economic Activities (NACE (OKVED)) [online]. <http://www.gks.ru/bgd/free/b02_60/Main.

htm>. [cit. 18.6.2017].
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“Section B. Fisheries”, was not included in the analysis due to its small share (less than 0.1%) in the GDP 
by region structure for the regions of the Central Federal district. The variables that we use are grouped 
according to the division offered by Kolesnikov et Tolstoguzov (2016) and their descriptive statistics 
is represented in Table 1 to Table 3.

Table 1  Descriptive statistics (private assessment indicators)

Note: Variables without any extra characters are variables in absolute units, * standardized variables, ^ model (calculated) variables, () NACE 
 Rev. 2. sections.
Source: ROSSTAT, own construction

The non-market sector includes kinds of activities which are implemented in markets with regulated 
pricing mainly.

№ Variables Description № Variables Description 

1 
1y , *

1y , 1ŷ , *
1ŷ  

Commodity institutional 
sector 4.3 3.4y , *

3.4y , 3.4ŷ , *
3.4ŷ  Section I. Transport, storage 

and communications (H, J) 

1.1 
1.1y , *

1.1y , 1.1ŷ , *
1.1ŷ  Section A. Agriculture, 

hunting and forestry (A) 4.4 
4.4y , *

4.4y , 4.4ŷ , 
*

4.4ŷ  
Section J. Financial 
intermediation (K) 

1.2 
2.1y , *

2.1y , 2.1ŷ , *
2.1ŷ  Section C. Mining 

and quarrying (B) 4.5 
5.4y , *

5.4y , 5.4ŷ , 
*

5.4ŷ  

Section K. Real estate, 
renting and business 
activities (L, M, N) 

2 
2y , *

2y , 2ŷ , *
2ŷ  

Manufacturing institutional 
sector 5 5y , *

5y , 5ŷ , *
5ŷ  Institutional sector 

of non-market services 

2 
2y , *

2y , 2ŷ , *
2ŷ  

Section D. Manufacturing 
(C) 5.1 1.5y , *

1.5y , 1.5ŷ , *
1.5ŷ  

Section E. Electricity, 
gas and water supply 

(D, E) 

3 
3y , *

3y , 3ŷ , *
3ŷ  Construction institutional 

sector 5.2 2.5y , *
2.5y , 2.5ŷ , *

2.5ŷ  

Section L. Public 
administration and defence;
compulsory social security 

(O) 

3 
3y , *

3y , 3ŷ , *
3ŷ  Section F. Construction 

(F) 5.3 3.5y , *
3.5y , 3.5ŷ , *

3.5ŷ  Section M. Education (P) 

4 
4y , *

4y , 4ŷ , *
4ŷ  

Institutional sector 
of market services 5.4 4.5y , *

4.5y , 4.5ŷ , *
4.5ŷ  Section N. Health 

and social work (Q) 

4.1 
1.4y , *

1.4y , 1.4ŷ , *
1.4ŷ  

Section G. Wholesale and retail 
trade: repair of motor vehicles, 

motorcycles and personal 
and household goods (G) 

5.5 5.5y , *
5.5y , 5.5ŷ , *

5.5ŷ  

Section О. Other 
community, social 

and personal services 
activities (R, S) 

4.2 2.4y , *
2.4y , 2.4ŷ , 

*
2.4ŷ  

Section H. Hotel 
 and restaurants (I) 
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Table 2  Descriptive statistics (state factors)

Note: Variables without any extra characters are variables in absolute units, * standardized variables, ^ model (calculated) variables, () NACE 
 Rev. 2. sections.
Source: ROSSTAT, own construction

№ Variables Description № Variables Description 

6 
The cost of fixed production assets at full accounting 

value at the end of the year by types of economic 
activity 

7.4 
2,3x , *

2,3x  Section F 

6.1 
1,1.1x , *

1,1.1x  Section А  (A) 7.5 2,1.4x , *
2,1.4x  Section G (G) 

6.2 
1,2.1x , *

1,2.1x  Section C (B) 7.6 2,2.4x , *
2,2.4x  Section H (I) 

6.3 
1,2x , *

1,2x  Section D (C) 7.7 2,3.4x , *
2,3.4x  Section I (H, J) 

6.4 
1,3x , *

1,3x  Section F (F) 7.8 2,5.4x , *
2,5.4x  Section K (L, M, N) 

6.5 
1,1.4x , *

1,1.4x  Section G (G) 7.9 2,1.5x , *
2,1.5x  Section E (D, E) 

6.6 1,3.4x , 
*

1,3.4x  Section I (H, J) 7.10 2,3.5x , 
*

2,3.5x  Section M (P) 

6.7 
1,1.5x , *

1,1.5x  Section E (D, E) 8 3x , *
3x  Average annual population 

7 Average annual number of persons employed by types 
of economic activities 

 tropsnarT 9

7.1 
2,1.1x , *

2,1.1x  Section А  (A) 9.1 1.4x , *
1.4x  Passenger turnover of public 

buses 

7.2 
2,2.1x , *

2,2.1x  Section C (B) 9.2 2.4x , *
2.4x  Departure of passengers 

by public railway transport 

7.3 
2,2x , *

2,2x  Section D (C) 10 5x , *
5x  

Morbidity per 1 000 
of population, registered diseases 
diagnosed in patients for the  

time in life 
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3 RESULTS AND DISCUSSION
The conducted research resulted in the corresponding models in Formulas (8) and (11), whose specification 
is represented in Table 1 to Table 3 using author’s expert system (beta version) (Zhukov, 2015):

                                                                                                                                           (13)

                                                                                                                                           (14)

                                                                                                                                             (15)

                                                                                                                                             (16)

                                                                                                                                             (17)

                                                                                                                                              (18)

                                                                                                                                            (19)

Table 3  Descriptive statistics (impact factors)

Note: Variables without any extra characters are variables in absolute units, * standardized variables, ^ model (calculated) variables, () NACE 
 Rev. 2. sections.
Source: ROSSTAT, own construction

)874.0(,
)035.0(

611.0
)001.0(

259.0
)001.0(

668.0ˆ 2*
2

*
2,1.1

*
1,1.1

*
1.1 =⋅+⋅+⋅= Rzxxy ,                                  

)824.0(,)ln(
)030.0(

006.0)ln(
)087.0(

241.0)ln(
)073.0(

706.0)ˆln( 2*
2

*
2,1.1

*
1,1.1

*
1.1 =⋅+⋅+⋅= Rzxxy ,          

)889.0(,
)025.0(

346.0
)001.0(

604.0ˆ 2*
2,2.1

*
1,2.1

*
2.1 =⋅+⋅= Rxxy ,                                           

)879.0(,)ln(
)111.0(
*243.0)ln(

)090.0(
707.0)ˆln( 2*

2,2.1
*

1,2.1
*

2.1 =⋅+⋅= Rxxy ,                                 

)964.0(,
)001.0(

226.0
)002.0(

395.0
)001.0(

396.0ˆ 2*
1,2

*
2,2

*
1,2

*
2 =⋅+⋅+⋅= Rzxxy ,                                    

)928.0(,)ln(
)031.0(

324.0)ln(
)052.0(

271.0)ln(
)047.0(

492.0)ˆln( 2*
1,2

*
2,2

*
1,2

*
2 =⋅+⋅+⋅= Rzxxy ,            

)888.0(,
)003.0(

786.0
)001.0(

170.0ˆ 2*
2,3

*
1,3

*
3 =⋅+⋅= Rxxy ,                                                           

The model includes only substantial factors, significant at the level of no more than 5%. At the first 
stage, all the factors of state and impact were analyzed according to the sections of the annual statistical 
compendium ROSSTAT (more than 20 variables). The number of observations for each variable made 
153 (input data as of 2007–2015 for 17 CFD regions).

We used least square method (backward selection) to select them.
Every absolute indicator represented in terms of value was adjusted according to purchasing power 

parity (PPP) in US dollars so that we could make a comparison with the international level.

№ Variables Description № Variables Description 

11 Investments in fixed capital by kinds of economic 
activities 

12 
2z , *

2z
Organic fertilizers per 1 ha 

of agricultural crops 
(in terms of 100% nutrients) 

11.1 
1,2z , *

1,2z Section D (D) 13 Consolidated budget expenditures (by object) 

11.2 
1,1.4z , *

1,1.4z Section G (G) 13.1 3,2.5z , *
3,2.5z Social policy 

11.3 
1,2.4z , *

1,2.4z Section H (I) 13.2 3,3.5z , *
3,3.5z Education 

11.4 
1,5.4z , *

1,5.4z     )N ,M ,L( K noitceS
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                                                                                                                                             (20)

                                                                                                                                               (21)

                                                                                                                                               (22)

                                                                                                                                              (23)

                                                                                                                                                (24)

                                                                                                                                                (25)

                                                                                                                                                           (26)
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Here is denoted: () standard errors, * the statistical significance at 5% level, other coefficients show 
statistical significance at 1% level, ln(..) logarithmic model, R2 determination coefficient. 

For these models the coefficient of determination are statistically significant at 1% level. For assessment 
the F-test was used. For minimal R2 = 0.664 from these model (Formula (20)): F = 147.920 >> critical 
F = 4.749 (p1 = 2, p2 = 150, α = 0.01). Also coefficients of models are statistical significant at 5% level 
(Formulas (16) and (25)). Coefficients of other models are statistical significant at 1% level. For assessment 
t-test was used. 

The visualization of the detected significant links is shown in Figure 1. 
Most of the performance indicators correlate with the size of fixed assets and the employment 

of the population, which is confirmed by earlier studies (Aivazyan et al., 2016). The market services 
sector depends on the economic (investments) and socio-economic (employment, population) factors.

While studying the influence of the state and impact factors on the non-market services sector, social 
(population, morbidity) and socioeconomic factors (passenger turnover and departure of passengers 
by rail, consolidated budget expenditures (social policy, education)) turn out to be predominant, and 
from a qualitative point of view, it can be easily explained.

Figure 1  The scheme that reveals the connections of factorial and productive features (performance indicators)

Note:  1 commodity sector, 2 manufacturing industries sector, 3 construction sector, 4 market services sector, 5 non-market services sector, 
 6 fixed assets value (FA) (by types of activities), 7 average annual number of persons employed (by types of activities), 8 average annual 
 population, 9 passenger turnover and departure of passengers by railway transport, 10 morbidity per 1 000 people, 11 investments in fixed  
 assets (by types of economic activities), 12 introduction of organic fertilizers, 13 expenses of the consolidated budget (under sections).
Source: Own construction
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Note: / – linear / logarithmic model calculations.
Source: Own calculations

Table 4 shows that the largest value of the indicator belongs to the Kostroma region, and the smallest 
to the Vladimir region. The value above 1 means that within the current state and impact factors subject’s 
performance satisfies the norm. The differences in the indicator values for the linear and logarithmic 
models, while preserving a general trend, can be explained by the shift in the norm boundary because 
of its functional form’s choice. Until 2014 inclusive the indicator dynamics is positive for most regions 
except for the Moscow and Ryazan regions, where there are small fluctuations in the overall trend. 
In 2015, the integral indicator value that determined the level of regional development decreased due 
to the stagnation of macroeconomic processes, as well as the unjustified change in purchasing power 
parity (12.7% in 2015 against 3.8% in 2014). The similar changes characterize the generalized indicators 
by the economic sector. 

Anomalous value for the Kostroma region in the commodity sector ( 1 = 23.102), is explained by 
the lack of fixed assets (234 million rubles) and the employment (0.4 thousand people) in the sector, that 
gives the minimal value for the norm having 0,1% GDP by region in its structure. The corresponding 
values are in the Belgorod region (the part of GDP by region is 12.4%, fixed assets – 65 505 million 
rubles, employment – 22.9 thousand people). Logarithmic model allows to smoothen its inheterogeneity 
( 1 = 1.851). A similar situation is observed for the Tambov region in the construction sector ( 3 = 44.005 
/ 3.563), which is 13.5% of GDP by region at a relatively low cost of fixed assets (5 664 million rubles) 
and minimum employment among the regions of the Central Federal district (17.6 thousand people).

The integrated (generalized) performance indicators for the CFD regions were calculated with the 
help of Formulas (6) and (8)–(11) (see Table 4 and Table 5).

Table 4  The values of the integral performance indicators k (t) for the regions of the CFD in 2010–2015 years

№ Region/Year 2010 2011 2012 2013 2014 2015 Ranking

1 Belgorod 0.913 / 1.042 1.101 / 1.073 1.026 / 1.079 1.008 / 1.082 1.013 / 1.097 1.016 / 1.073 10

2 Bryansk 0.871 / 0.869 0.895 / 0.923 0.999 / 0.991 1.003 / 0.968 1.049 / 1.002 0.932 / 0.921 14

3 Vladimir 0.740 / 0.903 0.816 / 0.942 0.847 / 0.976 0.817 / 0.939 0.826 / 0.947 0.806 / 0.937 17

4 Voronezh 0.752 / 0.899 0.929 / 0.955 1.034 / 1.015 0.977 / 0.989 1.038 / 0.993 1.06 / 1.003 8

5 Ivanovo 0.827 / 0.811 0.739 / 0.768 0.835 / 0.814 0.883 / 0.819 0.859 / 0.805 0.825 / 0.740 16

6 Kaluga 0.946 / 1.008 1.137 / 1.061 1.102 / 1.062 1.039 / 1.028 1.070 / 1.052 0.962 / 0.967 13

7 Kostroma 1.821 / 1.114 2.606 / 1.416 2.776 / 1.537 3.027 / 1.473 3.047 / 1.552 3.427 / 1.662 1

8 Kursk 1.104 / 0.991 1.116 / 1.001 1.102 / 1.020 1.087 / 1.030 1.141 / 1.054 1.142 / 1.042 5

9 Lipetsk 0.881 / 0.953 0.962 / 1.003 0.955 / 1.019 0.939 / 0.974 1.055 / 1.032 1.061 / 1.019 7

10 Moscow 1.006 / 0.968 1.008 / 0.97 1.037 / 0.982 0.983 / 0.964 0.983 / 0.971 0.996 / 0.965 11

11 Orel 1.358 / 1.018 1.163 / 1.084 1.305 / 1.145 1.419 / 1.247 1.448 / 1.196 1.435 / 1.121 3

12 Ryazan 0.978 / 0.936 1.086 / 0.997 1.210 / 1.080 1.206 / 1.095 1.226 / 1.088 1.146 / 1.023 4

13 Smolensk 0.917 / 0.939 0.977 / 0.991 1.022 / 1.024 1.039 / 1.030 1.018 / 0.999 0.983 / 0.960 12

14 Tambov 0.942 / 0.914 1.104 / 1.004 1.175 / 1.047 1.168 / 1.076 1.343 / 1.135 1.461 / 1.104 2

15 Tver 1.002 / 1.021 1.049 / 1.058 0.959 / 1.023 0.990 / 1.010 1.003 / 1.029 1.060 / 1.015 9

16 Tula 0.749 / 0.852 0.847 / 0.900 0.863 / 0.933 0.848 / 0.922 0.891 / 0.931 0.882 / 0.918 15

17 Yaroslavl 0.891 / 0.944 0.921 / 0.999 0.959 / 1.016 1.007 / 1.015 1.046 / 1.048 1.081 / 1.043 6
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№ Region/Indicator 1 2 3 4 5

1 Belgorod 0.953 / 1.077 1.363 / 1.156 1.339 / 1.148 1.232 / 1.159 1.126 / 1.005

2 Bryansk 1.033 / 1.122 1.665 / 1.149 0.978 / 0.813 1.144 / 1.072 0.798 / 0.751

3 Vladimir 1.538 / 1.169 0.924 / 1.013 0.427 / 1.08 0.695 / 0.839 1.01 / 0.937

4 Voronezh 1.449 / 1.137 1.073 / 1.038 1.146 / 1.088 0.968 / 1.013 1.011 / 0.945

5 Ivanovo 1.236 / 0.842 0.372 / 0.388 0.364 /    0.000 0.905 / 0.797 1.034 / 0.873

6 Kaluga 1.638 / 1.208 0.607 / 0.783 0.826 / 0.941 0.885 / 0.849 1.485 / 1.101

7 Kostroma 23.102 / 1.851 1.570 / 0.749 1.383 / 3.909 4.583 / 1.773 3.445 / 1.537

8 Kursk 1.061 / 1.125 3.546 / 1.731 1.849 / 1.455 0.891 / 0.857 1.254 / 1.020

9 Lipetsk 1.182 / 1.105 1.389 / 1.177 1.664 / 1.443 0.774 / 0.931 1.055 / 0.932

10 Moscow 0.810 / 1.002 0.972 / 1.016 1.368 / 1.051 0.989 / 0.966 1.033 / 0.953

11 Orel 1.264 / 1.275 4.268 / 1.016 3.835 / 2.070 1.305 / 0.859 1.785 / 1.092

12 Ryazan 1.615 / 1.162 1.102 / 1.010 0.625 / 0.738 1.237 / 1.127 1.239 / 0.994

13 Smolensk 0.938 / 0.941 0.984 / 0.866 0.643 / 0.809 1.201 / 1.120 1.130 / 0.932

14 Tambov 1.493 / 1.252 1.190 / 0.960 44.005 / 3.563 1.063 / 1.002 1.162 / 0.854

15 Tver 1.048 / 0.866 1.147 / 1.076 0.920 / 0.944 1.300 / 1.162 1.020 / 0.980

16 Tula 1.023 / 1.003 1.164 / 1.077 0.672 / 0.859 0.888 / 0.941 0.860 / 0.858

17 Yaroslavl 1.442 / 1.097 0.869 / 0.947 1.154 / 1.045 1.192 / 1.074 1.199 / 1.048

Note: A-O are NACE rev 1.1. sections, () NACE Rev. 2. sections.
Source: Own construction

Table 5 The value of the integral performance indicators k for the CFD by the types of economic activities  
 for 2015

Figure 2 The diagram of individual performance indicators by NACE (OKVED) sections for the Vladimir region

Note: 1 commodity institutional sector, 2 manufacturing activities institutional sector, 3 construction institutional sector, 4 institutional sector  
 of market services, 5 institutional sector of non-market services.
Source: Own calculations

In 2015 the lowest value of integral performance indicator (  = 0.806 / 0.937), it is related to the 
functioning of individual industries characterized by private indicators by types of economic activity 
(see Figure 2).
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Figure 2 shows that the norm is not achieved according to all the indicators except for sections A (A), 
N (Q) and O (R, S) which make the asymmetry of economic development. The worst values for linear 
and logarithmic models are observed in sections G (G) and H (I) that can be interpreted as the irrational 
investment, the engagement of fixed assets and wholesale and retail trade workers as well as the hotel and 
restaurant business. There are some differences of assessment in sector F and they are explained by the 
disbalance between the usage of fixed assets (shortage, C3,1 = 0.170) and the construction sector workers 
(overemployment, C3,2 = 0.786), they can not be detected while studying the indicator at the logarithmic 
model C3,1 = 0.391, C3,2 = 0.464). 

The performance uniformity analysis of SEES functioning showed the differentiation of the harmonic 
coefficient (see Formula 7) for the CFD regions in 2015 (see Figure 3).

As we can see from figure 3 the greatest disbalance in the economic assessment indicators is observed 
for Bryansk, Kostroma, Orel and Tambov regions, moreover, the form of the linear representation is 
identical to the logarithmic mapping. The differences are in numerical values and scaling, that is explained 
by the oscillations smoothing effect while using the logarithmic procedure. 

Note: 1 – Belgorod, 2 – Bryansk, 3 – Vladimir, 4 – Voronezh, 5 – Ivanovo, 6 – Kaluga, 7 – Kostroma, 8 – Kursk, 9 – Lipetsk, 10 – Moscow, 11 – Orel, 
 12 – Ryazan, 13 – Smolensk, 14 – Tambov, 15 – Tver, 16 – Tula, 17 – Yaroslavl.
Source: Own construction

Figure 3 Harmonic coefficient for the CFD regions in 2015

So we have the grounds to conclude that the use of non-linear models particularly in Cobb-Douglas 
form is preferable in the study of regions with a strong differentiation of the GRP structure.

CONCLUSION
The main result of the study is the solution how to assess the economic development of the Central 
Federal District regions using the methodology for the formation of individual and integral (generalized) 
performance indicators of complex systems, considered as socio-ecological and economic systems. 
In this regard, further analysis of each object under consideration does not require the comparative 
evaluation of other systems because each region has its own norms that take into account the specific 
conditions of its functioning. The methodology includes the data convolution and it considers the mutual 
influence of performance indicators characteristic for any SEES. It is an advantage over other approaches. 
At the same time, all the requirements for integral indicators of the object’s assessment are met. Within 
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the framework of the study, a generalized economic indicator and performance indicators by economic 
sectors were calculated for each CFD region, and it enabled to find out both the specific features of SEES 
functioning and current problems related to state and impact factors.

Also, the generated harmonic coefficient that characterizes the functioning uniformity of the SEES  
can help management bodies to eliminate the asymmetry of ongoing processes by redistributing 
the resources at their disposal and changing the factors of state and impact.

The demonstrated approach is applicable to various territorial (economic entity, municipal entity, 
region, district, state) and sectoral levels. Results of the investigation can be interesting to a wide range 
of researchers, including the international studies.

References

AIVAZIAN, S. A. Analiz kachestva i obraza zhizni naseleniya [Analysis of the quality and lifestyle of the population]. 
Moscow: Nauka, 2012.

AIVAZYAN, S. A., AFANASYEV, M. Y., KUDROV, A. V. Metod klasterizacii regionov RF s uchetom otraslevoy struktury VRP 
[Method of clustering regions of the Russian Federation taking into account the sectoral structure of GRP]. Prikladnaya 
ehkonometrika [Applied econometrics], 2016, No. 1(41), pp. 24–46.

AKERLOF, G., SPENCE, M., STIGLITZ, J. L’asymetrie au coeur de la nouvelle microeconomie. Problemès econ. P., 2001, 
2734, pp. 19–24.

ARZHENOVSKIY, I. V. Regionalnaya ekonomika: uchebnoe posobie [Regional economy: textbook]. Nizhniy Novgorod: 
NNGASU, 2014.

BOZO, N. V. Regionalnaya ekonomika: uchebnoe posobie [Regional economy textbook]. Novosibirsk: NGTU, 2012.
CHARNES, A., COOPER, W. W., RHODES, E. Measuring the efficiency of decision making units. European Journal 

of Operational Research, 1978, Vol. 6, No.2, pp. 429–444.
CHERNITSKY, S. V. Kompleksnaya metodika ocenki ekonomicheskogo potenciala regionov [Integrated methodology for 

assessing the economic potential of the regions]. Istoricheskaya i socialno-obrazovatelnaya mysl, 2014, No. 5(27), pp. 208–213.
CHICHKANOV, V. P. AND BELYAEVSKAYA-PLOTNIK, L. A. Analiz podhodov k ocenke regional’nyh processov 

formirovaniya social’no-ekonomicheskoj bezopasnosti [Analysis of the Approaches to the Assessment of Regional 
Processes of Formation of Social and Economic Security]. Ekonomika regiona [Economy of Region], 2016, Vol. 12, 
No. 3, pp. 654–669. DOI: 10.17059/2016-3-4.

COBB, C. W. AND DOUGLAS, P. H. A Theory of Production. American Economic Review, 1928, Vol. 18, pp. 139–165.
ENRIGHT, M. Regional clusters and economic development: A research agenda. Business networks: Prospects for regional 

development. STABER, V. SCHAEFER, N., SHARMA, B. eds. Berlin, Germany: de Gruyter, 1996, pp. 190–214. DOI 
(Chapter): 10.1515/9783110809053.190, DOI (Book): 10.1515/9783110809053.

GURBAN, I. A., PECHERKINA, M. S., LYKOV, I. A. Avtomatizaciya analiza ustojchivosti regionov k social’no-ekonomicheskim 
krizisam [Automation of the analysis of stability regions to the socio-economic crisis]. Vestnik UrFU. Seriya: Ekonomika 
i upravlenie, 2016, Vol. 15, No. 6, pp. 906–925.

KOLESNIKOV, N. G. AND TOLSTOGUZOV, O. V. Strukturnye izmeneniya ekonomiki Severo-Zapada Rossii: prostranstvennyj 
aspekt [Structural changes in the economy of the North–West of Russia: spatial aspect]. Baltijskij region [The Baltic 
region], 2016, Vol. 8, No. 2, pp. 30–47.

KRIVONOZHKO, V. E. AND LYCHEV, A. V. Analiz deyatelnosti slozhnyh socialno-ekonomicheskih sistem [Analysis of activity 
of complex socio-economic systems]. Moscow: Maks Press, 2010.

LIPSITS, I. V. Ekonomika: uchebnic dlya vuzov [Economy: the textbook for high schools]. Moscow: Omega-L, 2006.
MISHRA, S. AND NATHAN, H. S. K. Measuring Human Development Index: The old, the new and the elegant [online]. 

Indira Gandhi Institute of Development Research, Mumbai, 2013. [cit. 18.8.2017] <http://www.igidr.ac.in/pdf/publication/
WP-2013-020.pdf>.

MOROZOVA, T. G. Regionalnaya ekonomika [Regional economy]. Moscow: YUNITI-DANA, 2012.
MUHINA, L. I., PREOBRAZHENSKIY, V. S., RUNOVA, T. G., DOLGUSHIN, I. Y. Osobennosti sistemnogo podhoda 

k probleme ocenki vozdejstviya cheloveka na sredu [Specific Features of the system approach to the problem of assessment 
of human impact on environment]. Geograficheskie aspekty vzaimodejstviya v sisteme «chelovek-priroda», 1978, pp. 22–49.

ROTHSCHILD, M. AND STIGLITZ, J. E. Equilibrium in Competitive Insurance Markets: An Essay on the Economics 
of Imperfect Information. Quarterly Journal of Economics, 1976, Vol. 90, No.4, pp. 629–649.

SCHUMPETER, J. A. A Theorist’s Comment on the Current Business Cycle. Journal of the American Statistical Association, 
1935, No. 30(189), pp. 167–168.



ANALYSES

68

SHABASHEV, V. A., SHOROHOV, S. I., VERHOZINA, M. F. Strukturnoe modelirovanie svyazey ekonomicheskih, socialnyh 
i demograficheskih faktorov [Structural modeling of the relations of economic, social and demographic factors]. 
Regionalnaya ehkonomika: teoriya i praktika [Regional economy: theory and practice], 2016, No. 10(433), pp. 169–179.

SOLOW, R. M. A Contribution to the Theory of Economic Growth. The Quarterly Journal of Economics, 1956, Vol. 70, 
No. 1, pp. 65–94.

TARASOVA, N. P. AND KRUCHINA, E. B. Indeksy i indikatory ustojchivogo razvitiya [Indices and indicators of sustainable 
development].  Materialy mezhdunarodnoy konferentsii “Ustoychivoye razvitiye: příroda – obshchestvo – chelovek”  
[Proceedings of the international conference “Sustainable Development: Nature – Society – Man”], Moscow, 2006, 
Vol. 1, pp. 127—144.

ZANDER, E. V. Regionalnoe upravlenie i territorialnoe planirovanie [Regional governance and spatial planning: a tutorial]. 
Krasnoyarsk: Sibirskij federal’nyj universitet [Siberian Federal University], 2015.

ZHUKOV, R. A. Primenenie fundamental’nogo podhoda k upravleniyu social’no-ekonomicheskim razvitiem territoriy 
[Application of the fundamental approach to the management of socio-economic development of regions]. Nauchnoe 
obozrenie [Scientific review], 2014, No. 4, pp. 272–274.

ZHUKOV, R. A. Ocenka sostoyaniya slozhnyh sistem na primere regionov Centralnogo federalnogo okruga: ekologo-
ekonomicheskiy aspect [Assessment of comlex systems of regions of the Central Federal district: ecological and economic 
aspect]. Regionalnye issledovaniya [Regional studies], 2016, No. 4(54), pp. 81–89.

ZHUKOV, R. A. Vnedrenie programmnyh ekonomiko-matematicheskih kompleksov v praktiku deyatelnosti organov 
gosudarstvennogo upravleniya [Implementation of the program of economic and mathematical systems in practice 
of activity of bodies of state management]. Fundamentalnye issledovaniya [Fundamental research], 2015, Vol.9, No. 3, 
pp. 555–559.

ZHUKOV, R. A. Estimation of the volume of priced services to the population as a component of regional economy on 
the basis of economic and mathematical modeling. Science Journal of VolSU. Global Economic System, 2017, Vol. 19, 
No. 2, pp. 58–68. DOI: https://doi.org/10.15688/jvolsu3.2017.2.6.

ZHURAVLEV, S. D., ZHUKOV, R. A., MAMON, Y. I. Fundamental Research for Management Efficiency. Applied and 
Fundamental Studies Proceedings of the 2nd International Academic Conference. Publishing House «Science and Innovation 
Center», and the International Journal of Advanced Studies, 2013, pp. 228–334.


