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Abstract 

Economic, social and environmental dimensions of the regional growth are relatively isolated, and 
the lack of necessary tools makes it difficult to evaluate their interdependence. These tools are needed to 
evaluate the overall stability and connectedness of the system and facilitate effective and prioritized 
decision making aimed at a stable growth. The authors think that the sustainability concept can be a 
foundation to develop such tools, including a system of performance targets and regional stability 
evaluation techniques. A region as an isolated system must aim at a sustainable growth. It should be noted 
that almost all regions adopted their own economic growth strategies. These strategies must be amended 
with the three dimensions of sustainability “environment-society-economy”, each having a purpose-
oriented program and closely monitored dynamics including the overall sustainability change. 
Administrative, economic, social levers and instruments of managerial influence are poorly linked, do not 
take into account the specifics of territorial development, do not have a systemic basis. The formation of 
an economically effective system of sustainable development of Russian regions should provide a basis for 
territorial development. Thus, there is a need to develop an effective methodology for assessing the 
sustainable development of the Russian regions, taking into account their features and development vectors, 
which determines the relevance of the research.  
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1. Introduction 

A Russian region is a complex multilevel structure having its own internal dynamic and being a 

significant part of national economy. Regions tend to have a wide variety of connections, combinations of 

economic, social, environmental, informational and other elements, as well as constant circulation of 

financial, material and information flows. 

 

2. Problem Statement 

Constant changes in Russian national and regional economy result in a growing uncertainty of the 

sustainable regional and national growth. Extant methods of sustainable regional growth assessment are not 

efficient due to the following reasons: 

1. Regional idiosyncrasies make it impossible to use effective foreign methods of sustainability 

assessment (Kaplan & Norton, 1996); 

2. There is no common system of selecting sustainability indicators, which are unique for each 

region (Marcela, Michaela, & Ondrej, 2011); 

3. Subjective evaluation prevails in the process of assessment (Ermakova, Fokina, Tyufiakova, 

Rogacheva, & Tyurina, 2016); 

4. There is no objective and convenient system of identifying the effect of each indicator by the 

overall result of assessment (Kireenko & Orlova, 2016); 

5. Results are interpreted ambiguously (Stankeviciene, Sviderskė, & Miečinskienė, 2014); 

6. It is difficult to make resulting decisions (Tasaki, Kameyama, Seiji, Moriguchi, & Hideo, 2010); 

7. Implementation of resulting measures at the regional level is labor-consuming and much hindered 

by various factors (Pittman, Wilhelm, 2007).  

Considering the main requirements for a sustainable regional growth assessment method the authors 

have created a unique approach to quantitative assessment of the sustainable regional growth. The given 

approach is based on using an aggregate measure which reflects the extent of regional growth sustainability 

and its dynamics. The approach is exclusively effective for managerial purposes. 

   
3. Research Questions 

1. Regional idiosyncrasies make it impossible to use effective foreign methods of sustainability 

assessment; 

2. There is no common system of selecting sustainability indicators, which are unique for each 

region; 

3. Subjective evaluation prevails in the process of assessment; 

4. There is no objective and convenient system of identifying the effect of each indicator on the 

overall result of assessment; 

5. Results are interpreted ambiguously; 

6. It is difficult to make resulting decisions; 

7. Implementation of resulting measures at the regional level is labor-consuming and heavily 

hindered by various factors.  
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4. Purpose of the Study 

The purpose of the study consists in making the analysis of the level of the regional depression.   

 

5. Research Methods 

The object of analysis is Tomsk region of the Russian Federation. Consequently, the authors will 

apply their method by the evidence derived from the object. 

According to the authors’ method, regional growth sustainability assessment goes through four 

steps: 

Step 1. Selecting the indicators of regional growth sustainability. 

The following classification is based on 60 indicators having most effect sustainable regional 

growth:  

• 12 external macroeconomic indicators 

• 27 internal economic indicators 

• 17 internal social indicators 

• 4 internal environmental indicators 

Further on only the indicators having most effect on the sustainable regional growth are filtered out. 

The method suggests selecting the indicators using a multiple correlation method. It should be noted that 

the more indicators are analyzed the more precise the result of the correlation is. To conduct a correlation 

analysis, a number of software products are used (Dolgikh, Zhdanova, & Bannova, 2015). The authors will 

use OriginPro 2015 (Nemirova & Tyurina, 2015). Thus, the authors will conduct a multiple correlation 

analysis of the 60 chosen indicators over the period of 2006-2016. 

The resulting table shows multiple correlations, a fragment of which one can see in Fig. 1. 

 

 
 

Figure 01.  A fragment of correlation study 
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As the result of the correlation study, the authors need to choose only the most influential indicators 

because it is impossible to take into consideration all the conditions and circumstances. In table 01 one can 

see the quantitative criteria of correlation. 

 
Table 01.  Quantitative criteria of correlation 

Correlation value Correlation degree 
< ±0.3 nil 
±0.3 - ±0.5 weak 
±0.5 - ±0.7 moderate 
±0.7 - ±1.0 strong 

 
Based on these criteria, the authors selected the indicators of the sustainable growth with higher 

correlation values - ±0.7 to ±1.0. As the result, 20 indicators were filtered out and grouped into four 

categories:  

- 6 economic indicators; 

- 5 social indicators; 

- 4 environmental indicators; 

- 5 external effect indicators. 

On completing the first step of assessment, the authors got the set of sustainable growth indicators 

for Tomsk region.  

 

Step 2. Assigning weights to indicators 

Further on the authors need to consider the significance of each indicator in the groups. To tackle 

this problem let us suggest using weights reflecting the significance of each indicator for the overall result 

of the assessment. To determine the weights the authors will use the analytic hierarchy process which 

implies the procedure of priority establishment based on subjective judgments of experts. 

Taking into consideration the importance of assessment, the authors constructed pairwise 

comparison matrixes for environmental, economic and social dimensions of the sustainable growth. 

The received data provided for the choice of local priorities which reflect the relative impact of a 

number of elements on the upper row element. For that purpose, the authors identified eigenvectors of each 

matrix and having defined the weights of each factor, the authors summed up the result to one (1.0) thus 

forming the priority vector. 

The authors constructed the normalized pairwise comparison matrixes for economic, social and 

environmental sustainability (tables 5, 6, 7, 8, 9, 10). 

Judgment consistency is defined by a consistency index and a consistency ratio by the following 

formulae: 

                       UO = UC = %&'()*
*)+

                       (1) 

                       OO = OC = ,-
.(01)

                        (2) 

M (uo) is the average value of the consistency index for a randomly constructed pairwise comparison 

matrix based on experimental data. The value is tabular depending on the dimension of the matrix (Table 

2). 
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Table 02.  Matrix dimension. 
N 1 2 3 4 5 6 7 8 9 10 11 

M(uo) 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 
 

The accepted value is taken as OO ≤ 10%. If OO > 10% for a matrix, it shows a significant 

paralogism of an expert filling in the matrix so the expert will be suggested to review the data in order to 

enhance the consistency. 

According to this model the authors will construct normalized pairwise comparison matrixes for 

economic, social and environmental sustainability and external effects. The authors will exemplify the 

stepwise process with indicators of economic sustainability. 

The correlation study thus defined the following economic indicators: 

A. Gross regional product 
B. Revenues of the consolidated regional budget  
C. Tax revenues 
D. Number of enterprises in the region 
E. Capital investment  
F. Volume of shipped goods of local production (mining) 

AHP algorithm 

1. Let us find the eigenvectors Wi relative the last level hierarchy. To do that, let us construct 

pairwise comparison matrixes [Ei] and calculate their maximum eigenvalues (to evaluate judgment 

consistency) and main eigenvectors (priorities), table 4. Comparisons under AHP are done using the scale 

of relative importance (Table 3). This scale has nine degrees of intensity chosen on the basis of 

experimentally determined psychophysical traits of a person who does the comparison. 
 

Table 03.  Relative importance scale 
Intensity of importance Definition 
1 Equal importance  
2 A little more important  
3 Somewhat more important 
4 Importance higher than average  
5 Much more important 
6 Strong importance  
7 Very much more important 
8 Very, very much more important  
9 Absolutely more important 

 

Values of this scale are used to show how much more important and dominating one element is over 

another.  

Table 04.  Pairwise comparison matrix 
  A B C D E F 
A 1 2 3 1 2 3 
B 1/2 1 2 3 1 2 
C 1/3 ½ 1 2 3 1 
D 1 1/3 ½ 1 2 3 
E ½ 1 1/3 1/2 1 2 
F 1/3 ½ 1 1/3 ½ 1 

 
Eigenvector: W= (0.271; 0.213; 0.163; 0.157; 0.113; 0.0825) 
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 In the same manner, let us process the pairwise comparison matrixes for upper rows. The matrixes 

are constructed to determine the values of importance intensity for elements of a certain hierarchical level 

relative the upper one. 

𝜆𝑚𝑎𝑥 = 6.6 

UC =
6.6− 6
6 − 1 = 0.12 

ОС = 0.12/1.24 = 0.096 

3. As the next step, let us define the eigenvectors. The authors will identify the priority vectors of 

alternatives WEA over elements Eji at all levels of hierarchy. Eigenvectors are calculated from lower rows 

to the upper ones taking into account specific relations between the elements on different levels. Calculation 

implies multiplication of corresponding vectors and matrixes (Table 5). 
 

Table 05.  Normalized pairwise comparison matrix for economic sustainability (Economic sustainability 
index).  

 A B C D E F Eigenvector 
Normalized values 
of eigenvector 
(weight) 

A 0.238 0.339 0.242 0.346 0.298 0.329 0.271 0.2912895 
B 0.19 0.209 0.231 0.221 0.216 0.167 0.213 0.2065425 
C 0.137 0.122 0.198 0.134 0.189 0.213 0.163 0.1553545 
D 0.175 0.157 0.125 0.152 0.116 0.132 0.157 0.149103 
E 0.163 0.0862 0.131 0.101 0.0902 0.0854 0.113 0.1169817 
F 0.0969 0.087 0.0734 0.0461 0.0902 0.0736 0.0825 0.0802574 
å 1 
λmax 6.6 
Consistency index 0.12 
Random consistency of the matrix 0.096 
Relative consistency of the matrix 9.6% 

 
The maximum value of an element in the matrix is 0.291. Thus, the most intensively important 

parameter is “A” – Gross regional product. 
Let us conduct the same analysis for social and environmental sustainability indicators, as well as 

for external effects. 
 

Table 06.  Normalized pairwise comparison matrix for social sustainability (Social sustainability index). 

 G H I J K Eigenvector Normalized values of 
eigenvector (weight) 

G 0.272 0.304 0.221 0.264 0.324 0.333 0.29353  
H 0.397 0.203 0.259 0.256 0.265 0.204 0.267767 
I 0.162 0.203 0.193 0.14 0.191 0.259 0.177373 
J 0.0949 0.145 0.172 0.192 0.136 0.136 0.1410897 
K 0.0736 0.145 0.155 0.148 0.0831 0.068 0.1200126 
å 1 
λmax 5.4 
Consistency index 0.1 
Random consistency of the matrix 0.089 
Relative consistency of the matrix 8.9% 

 

The maximum value of an element in the matrix is 0.267. Thus the most intensively important 

parameter will be “G” - Average monthly accrued wages. 
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Table 07.  Normalized pairwise comparison matrix for environmental sustainability (Environmental 
sustainability index). 

 L M N O Eigenvector Normalized values of eigenvector 
(weight) 

L 0.426 0.35 0.368 0.482 0.375 0.404756 
M 0.194 0.25 0.199 0.246 0.205 0.215288 
N 0.231 0.264 0.282 0.177 0.256 0.241965 
O 0.149 0.136 0.151 0.0946 0.164 0.1379254 
å 1 
λmax 4.25 
Consistency index 0.083 
Random consistency of the matrix 0.092 
Relative consistency of the matrix 9.2% 

 

The maximum value of an element in the matrix is 0.405. Thus the most intensively important 

parameter will be “L” - Capital investment in environmental protection. 

 

Table 08.  Normalized pairwise comparison matrix for external effects sustainability (External effects 
sustainability index). 

 P Q R S T Eigenvector Normalized values of 
eigenvector (weight) 

P 0.333 0.373 0.352 0.286 0.404 0.396 0.3523638 
Q 0.278 0.241 0.209 0.2 0.233 0.246 0.246932 
R 0.111 0.133 0.143 0.214 0.123 0.153 0.1500202 
S 0.167 0.133 0.187 0.157 0.118 0.0683 0.1343501 
T 0.111 0.12 0.11 0.143 0.123 0.137 0.1169239 
å 1 
λmax 5.1 
Consistency index 0.025 
Random consistency of the matrix 0.022 
Relative consistency of the matrix 2.2% 

 
The maximum value of an element in the matrix is 0.352. Thus the most intensively important 

parameter will be “P” - Gross domestic product.  

 

Table 09.  Normalized pairwise comparison matrix for sustainable regional growth (Regional growth 
sustainability index). 
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s Eigenvector 

Normalized 
values of 
eigenvector 
(weight) 

Economic sustainability 0.541 0.333 0.333 0.125 0.442 0.380534 
Social sustainability 0.295 0.333 0.333 0.125 0.388 0.305241 
Environmental sustainability  0.164 0.333 0.333 0.125 0.16 0.206302 
External effects 0.125 0.1 0.1 0.125 0.1 0.107923 
å 1 
λmax 4 
Consistency index 0.0 
Random consistency of the matrix 0.0 
Relative consistency of the matrix 0% 
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The maximum value of an element in the matrix is 0.394. Thus, the most intensively important 

parameter is Economic sustainability. 

The final step is to assign weights to each element necessary for sustainable growth assessment. 

 

Step 3 - Unifying the data into a system of common measurements. 

The step implies transformation of the initial indicator values from an absolute form to ratios. That 

means that each indicator becomes a coefficient reflecting the change of the given indicator in time 

(Balandina, Bannova, & Ryumina, 2016). Table 10 contains the values of each coefficient calculated by 

formula 1. 

 
Table 10.  Relative indicators of sustainable growth (Tomsk region). 

№ Indicators 

20
06

 

20
07

 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

Economic indicators 

A 
Gross 
regional 
product (+) 

1.183 1.136 1.160 0.988 1.158 1,173 1,113 1,084 1,063 1,107 1,056 

B 

Consolidated 
regional 
budget 
revenues(+) 

1.284 1.136 1.276 1.048 1.092 1,220 1,003 1,021 1,094 1,046 1,094 

C 
Tax revenues 
(+) 1.208 0.974 1.312 0.804 1.324 1,353 1,190 1,026 1,063 1,083 0,945 

D 
Number of 
enterprises in 
the region (+) 

1.028 1.004 0.995 0.997 0.987 1,020 1,029 1,023 1,012 1,001 0,98 

E 
Capital 
investment 
(+) 

2.043 1.944 1.200 0.869 1.039 1,300 1,073 0,949 1,064 0,960 0,968 

F 

Volume of 
shipped goods 
of local 
production 
(mining) (+) 

0.991 1.072 1.119 0.985 1.248 1,216 1,082 0,992 1,086 1,065 0,926 

Social indicators 

G 

Average 
monthly 
accrued 
wages (+) 

1.201 1.191 1.225 1.094 1.109 1,119 1,114 1,116 1,075 1,062 1,042 

H 

Average 
monthly 
income per 
capita (+) 

1.231 1.201 1.134 1.027 1.088 1,089 1,098 1,133 1,055 1,154 0,946 

I Population (+) 0.999 1.002 1.003 1.002 1.008 1,009 1,006 1,006 1,004 1,002 1,002 

J 
Consumer 
spending per 
capita (+) 

1.205 1.158 1.164 1.011 1.082 1,146 1,048 1,132 1,048 1,076 0,98 

K 
Minimum 
subsistence 
level (+) 

1.112 1.156 1.144 1.181 1.076 1,113 1,021 1,138 1,109 1,229 1,012 
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Environmental indicators 

L 

Capital 
investment in 
environmental 
protection (+) 

2.218 1.715 1.502 1.129 0.430 1,876 1,052 1,805 0,952 1,484 1,16 

M 

Production 
and 
consumption 
wastes (-) 

1.086 1.049 1.030 0.849 0.955 1,005 1,245 0,743 0,835 1,071 1,021 

N 
Forest 
restoration (+) 0.959 0.872 0.811 1.133 1.515 1,796 0,949 1,099 0,989 0,901 0,898 

O 

Recycling and 
sterilization of 
production 
and 
consumption 
wastes (+) 

1.007 0.934 0.999 0.961 1.119 0,935 0,952 1,138 0,883 1,013 0,915 

External effect indicators 

P 
Gross 
domestic 
product (+) 

1.246 1.235 1.242 0.940 1.193 1,289 1,121 1,061 1,098 1,037 1,065 

Q 
Consolidated 
budget 
revenues (+) 

1.239 1.258 1.197 0.850 1.179 1,301 1,124 1,043 1,095 1,006 1,047 

R 

Average 
annual value 
of US Dollar 
(+) 

0.961 0.941 0.972 1.280 0.954 0,968 1,057 1,024 1,193 1,598 1,105 

S 
Average 
annual value 
of Euro (+) 

0.969 1.026 1.041 1.213 0.911 1,015 0,977 1,058 1,194 1,336 1,101 

T 

Annual oil 
production in 
the Russian 
Federation (+) 

1.022 1.022 0.994 1.013 1.023 1,012 1,014 1,006 1,008 1,015 1,025 

 
Step 4– Calculating the sustainable regional growth index 

Thus, having calculated the weights the authors can construct the functions reflecting the correlation 

of indicators to find the indices of economic, social, environmental and external effect sustainability 

(Drobyshevsky, Lugovoy, Astafyeva, Polevoy, Kozlovskaya, Trunin, Lederman, 2005). The resulting 

models are as follows: 

𝐾CD.EFEG. = 0.29𝐴 + 0.21𝐵 + 0.16𝐶 + 0.15𝐷 + 0.11𝐸 + 0.08𝐹 

𝐾EQD.EFEG. = 	0.29𝐺 + 0.27𝐻 + 0.18𝐼 + 0.14𝐽 + 0.12𝐾 

𝐾CXYZ[.EFEG. = 0.4𝐿 − 0.22𝑀 − 0.24𝑁 − 0.14𝑂 

𝐾C`G.Caa. = 	0.35𝑃 + 0.25𝑄 + 0.15𝑅 + 0.13𝑆 + 0.12𝑇 

𝑲𝑺𝑼𝑺𝑻.𝑮𝑹. = 𝟎. 𝟑𝟖𝑲𝒆𝒄.𝒔𝒖𝒔𝒕. + 𝟎. 𝟑𝑲𝒔𝒐𝒄.𝒔𝒖𝒔𝒕. + 𝟎. , 𝟐𝟏𝑲𝒆𝒏𝒗𝒊𝒓.𝒔𝒖𝒔. − 𝟎. 𝟏𝟏𝑲𝒆𝒙𝒕.𝒆𝒇𝒇. 
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Let us use the data from Table 10 in the above given models taking into consideration weights and 

qualitative values of indicators. Table 11 shows the assessment of the sustainable regional growth for 

Tomsk region. 

 

Table 11.  The sustainable regional growth index for Tomsk region over the period 2006-2016. 

Indicators 
20

06
 

20
07

 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

Economic 
indicator 1.26 1.17 1.19 0.96 1.14 1.21 1.08 1.03 1.06 1.05 1.01 

Social 
indicator 1.16 1.15 1.14 1.06 1.08 1.09 1.07 1.11 1.06 1.10 1 

Environmental 
indicator 1.03 0.83 0.76 0.63 0.53 0.93 0.70 1.03 0.57 0.75 0.58 

External effect 
indicator 

1.14 1.14 1.13 1.01 1.10 1.17 1.08 1.04 1.11 1.15 1.07 

Sustainable 
growth index 0.92 0.84 0.83 0.7 0.67 0.85 0.76 0.82 0.72 0.76 0.69 

 
 

The resulting values are demonstrated on a graph (Fig. 02) illustrating the dynamics of regional 

growth sustainability. 

 

 
 

Figure 02.  Sustainable growth of Tomsk region over 2006-2016 
 

6. Findings 

As seen from table 11, economic and social indicators have a value of >1 which is indicative of 

stable sustainability of the systems. But the most significant adverse effect on the overall result of 

sustainable growth index for Tomsk region was produced by the environmental indicator. Maintaining 

relatively stable economic growth in the cities very often comes at the expense of natural and urban 

environment. The suggested criteria of sustainable development bring one to the conclusion that for the 

recent decade Tomsk region has been on the brink between stable and dynamic levels of sustainability. The 

sustainability concept states that the system becomes sustainable when it achieves sustainability in three 

dimensions: economic, social and environmental. Thus, over the studied period, Tomsk region 
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demonstrated relative sustainability. Further on, the authors will describe the theoretical approach to 

sustainable regional growth assessment, Fig. 3. 

 
Figure 03.  Theoretical approach to sustainable regional growth assessment 

 

7. Conclusion 

Economic, social and environmental dimensions of regional growth are relatively isolated, and the 

lack of necessary tools makes it difficult to evaluate their interdependence. These tools need to evaluate the  
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overall stability and connectedness of the system and facilitate effective and prioritized decision 

making aimed at a stable growth. The authors think that the sustainability concept can be a foundation to 

develop such tools, including a system of performance targets and regional stability evaluation techniques.  

A region as an isolated system must aim at a sustainable growth. It should be noted that almost all 

regions adopted their own economic growth strategies. These strategies must be amended with the three 

dimensions of sustainability “environment-society-economy” each having a purpose-oriented program and 

closely monitored dynamics including the overall sustainability change  

As a result of the research, let us suggest a theoretical approach to assess a sustainable regional 

growth based on the following principles: 

1. Unique structure of indicators for every region. The authors maintain the idea that every region 

of Russia has unique economy, society and environment and there can be no common system of 

indicators. Regionally important indicators need to be identified and used in the model of 

sustainable growth assessment. 

2. Maximum objectivity at each step of assessment. When selection of indicators is done using a 

multiple correlation and an analytic hierarchy process, it minimizes subjectivity and bias and 

provides for objective assessment of the sustainable growth. 

3. Automation and labor-efficiency of the assessment. Each step of assessment is automated using 

the following software: “Correlation of corporate indicators”, Wolfram|Alpha: Computational 

Knowledge Engine, Microsoft Office – Excel. 

4. Coherent interpretation of the results. The assessment result allows coming to consistent and 

uncontroversial conclusions. 

5. Simple introduction of the method into the system of regional governance. The method presents 

in itself a generalized assessment to be used in addition to the operating regional monitoring 

system and requires no additional procedures and purchases. 

A theoretical approach to sustainable regional growth assessment is illustrated in a chart. 

Strategy and assessment of the sustainable regional growth must be codified in orders and decrees 

and the procedure is to be assigned to the regional administration, namely the department in charge of 

strategic planning. 
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