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Abstract: Economic stability of a region is an important object of control and analysis for the
government. However, it is complex indicator and assessable complicatedly. The goal of the
paper is a development of a methodology of region economic stability integrative estimation
resistant to short dramatic fluctuations of definite years. The research is based on the data
about 10 regions of the Russian Federation over the period of 2000-2018. Suggested
methodology includes 12 components of economic stability based on 67 indicators. These
indicators were chosen and subdivided into groups by three courses of threats i.e. social and
demographical threat, production and economic threat, and infrastructural and supporting
threat. Smoothing of coefficients is made by arithmetic progression with smoothing width
equal to 5 years in order to obtain estimations resistant to short fluctuations. Integrative
estimation helps compare indicators completely different by quality and quantity, to range
regions and estimate influence extent of some actions or external shocks on economic
stability dynamics, and to forecast further development of the scenario in the region. The
integrative estimation was tested in the Vologda Region of the Russian Federation. The

result of this test proves significant decrease of the economic stability over 18 years.
Keywords: regional analysis, agrifood, agriculture, methodology
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1. Introduction

The economic stability is a material basis of national safety. The objects of the economic
stability comprise a government, regions, enterprises and a household sector. Economic
stability estimation allows providing forthcoming support of regions being lower than
a threshold level. This research deals with economic stability estimation at the regional level.

The economic stability can be described as a process when a human being or a society
tends to reach tranquility and an ability to counteract threats within geographical or cultural
space where they feel some kind of confidence that they have enough resources for
satisfaction both present and future needs, and the threat potentially able to take up these
resources never appears (Wiraszka & Karpinska, 2020).

The key problem of economic stability estimation is multidimensional concept so it is
complicated for measuring (Bohringer & Jochem, 2007). The vast majority of scientists



INTEGRATIVE ESTIMATION OF REGION ECONOMIC STABILITY — RUSSIA

consider it as a combination of some aspects of physical and biotical environment, social and
economic well-being (Efroymson et al., 2013). As an increasing of living standards is the
main goal of region development, a safety matter is to be decided in this context too (Soltes,
et al., 2020).

Modern approaches to economic stability estimation utilize environmental, social and
economic conditions known as three key pillars of stability (Mori & Christodoulou, 2012;
Hacking & Guthrie, 2008; Mayer, 2008). Some authors utilize more than 2600 indicators
(Grooten et al.,, 2012). In order to increase complexity each input variable has often
associated dataset comprising some observations. These huge amounts of data about
different stability components are complicated in control, and their visualization is almost
impossible without compression or reduction of the size.

Aggregative functions are one of methods to precise and simplify the data. Aggregating
theory is a mathematical area which investigates shape and properties of an aggregative
function. In environmental economics aggregating topic is presented in aggregating special
relation (Su & Ang, 2010,), and combination of information in separate sectors (Lenzen, 2007;
Marinetal., 2012).

Indicators, composite indicators or aggregated indicators are used for simplification of
multiple and complicated data sets and elaboration of estimation results. Though the choice
of aggregative function is the key component of estimation development, in scientific works
there are few patterns, which could work as examples of choosing appropriate aggregative
function. The most explicit review of aggregative functions is presented in the research
«Applications of aggregation theory to sustainability assessment» (Pollesch & Dale, 2015).

Economic stability estimation differs from common social and economic development
analysis by utilization of special methods of transformation of initial indicators and use of
threshold values for qualitative analysis (Averina & Buyanova, 2019).

Currently there are different approaches to estimation of economic stability level
(Khasanov & Korableva 2019; Mutchler et al., 2019; Dragojlovic et al., 2020; Akberdina &
Smirnova 2018, Korableva & Karpov, 2017). As a rule, they are based upon indicative
analysis that is quantitative and qualitative values identifying state and change of economic
stability, and they are defined by combination of economic stability indicators.

Economic stability indicators have the following characteristic features:

e Identification of threats for economic stability in terms of quantity;
e Highly variable and sensitive, hence, they have high warning ability to warn of possible
threats due to changed conditions of economic system functioning;

e they perform indicating functions only being altogether but not separated.

It should be noted that the most important characteristic of economic stability indicators
is the specificity of their collaboration, which always exists but the only definite extent of
threat reveals this collaboration and it starts alerting threat to the society (Senchagov, 2005).

Huge economic systems are stable and stagnant enough, so short time fluctuation
should be neglected while making estimation, and only distorting properties of the

economic system in the region should be taken into account.
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The goal of the paper is a development of a methodology of region economic stability
integrative estimation resistant to short dramatic fluctuations of definite components.

The following tasks were set in order to reach the goal:

e Analysis of the key components of economic stability;

e Development of an algorithm for integrative estimation;

e Development of the method to obtain estimations resistant to short time fluctuations;

e Estimation economic stability dynamics as in the case of the Vologda Region of the

Russian Federation.

The research is based on the information about 10 regions in the North-Western Federal
District. Estimation was made by 12 components of economic stability based on 67
indicators. The data was taken over the period of 2000-2018. The source of the data is

web-site Russian Federal State Statistic Service. Calculations were made in Microsoft Excel.

2. Methodology

2.1. The Key Components of Economic Stability

The methodology of estimation of economic stability level was built upon the

classification of threats by areas combined into three main groups (Table 1).

Table 1. Subdivision of indicators into groups by economic stability courses

Threat Courses of stability
Social and demographical Demographical, migration, social, foodbased, environmental
Production and economic Production, investment, innovation, financial
Infrastructural and supporting Power-producing, infrastructural, foreign economic

Each of groups is characterized by the set of specific indicators and totally 67 indicators.
The list of base indicators is presented in Appendix 1.
The following criteria, used as a base for choosing indicators, should be utilized for

estimation of economic stability of the region:

e The ability of the population to expanded reproduction and to save its headcount;

e The ability of social and economic system of the region to hold out-migration of the
regular population having high labor potential;

e The ability of social and economic system of the region to assimilate migrants;

e The conformity of the social standard of living to institutionally fixed standardized
demands and improvement of this standard;

e The ability of nature resource potential of the terrain to withstand anthropogenic and
industry-related stresses;

e Provision of the economy with strategic resources;

e Resource potential efficiency;

e The ability of the economy to function under expanded reproduction;

¢ Financial system stability;
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e Dependence of economy on import of the most important products, which can be
manufactured in the region at the required level;

e Rationality of the foreign trade structure;

e Scientific potential support;

e Efficiency of the main schools of science in the region;

e Existence of the single economic area and inter-regional economic relations, respecting
federal interests eliminating development of recessionist sentiments;

e Existence of economic and legal conditions eliminating criminal trends in the society;

e Efficiency of government regulation of economical processes.

Estimation of the level of economic stability of the region by specified criteria helps
reveal threats in each of three abovementioned groups of economic stability. However, some
of these criteria reveal status of stability courses belonging to different groups. For instance,
provision of economy with strategic resources impacts production, investment, innovation
and power-producing stability. Dependence of economy on import of the most important
products, which can be manufactured in the region at the required level, proclaims
challenges and threats of food and foreign economic security. It should be noted that in
terms of the present research food security is the basis for economic stability analysis of the
region. Keeping and increasing headcount of the stable population, improvement of living
standards and provision with high quality food generate the basis for stable development of
the region of the Russian Federation; hence, firstly these indicators provide security of

regional economic system.

2.2. Algorythm of Integrative Estimation

Each course of economic stability has aggregated indicator which is calculated on the
basis of some relative indicators by each specific course, and the total integrative indicator of
the region is defined on the basis of aggregated indicators by each specific course.

Calculation of aggregated indicators supposes operating by relative specific indicator.
In real case scenario the vast majority of specific indicators is calculated on different bases
and can’t be summed directly. Hence, all specific indicators by economic stability courses are
rated in the following way.

Relative j-indicator of i-course of economic stability is calculated by the following
equation:

2 Xii — Xi:
Xij =1t —atan <u> (1)
s O-ij

Where Xjj - value of j-indicator of i-course of economic stability;

X;j — Average value of j-indicator of i-course of economic stability (threshold value);
ojj — Standard deviation of the value Xjj for comparable group of objects (neighboring

regions).
The sign “+” is used when favorable value of the specific indicator exceeds the threshold

“” 7

value, otherwise the sign “-” should be put in the equation.
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If the calculation of aggregated indicators is made in terms of dynamic, appropriate
values of relative indicators may be rated by average value of the current or the last year.
Such transformation helps guarantee satisfaction of the indicator Xjto the following

conditions:

e 0 <X; < 2forany initial value of the specific value Xj; ;
e Xj; =1 only in that case when the value of the specific indicator completely identical to

the threshold value.

Both abovementioned conditions together with the way to obtain indicator proclaim
existence of possible threats or challenges in decided course of economic stability if Xj; < 1.
Definite limits are to be defined a posteriori, and crossing of these limits by definite

indicators signalizes threat with more or less extent of risk.

2.3. The Method to Obtain Estimations Stable to Short Time Fluctuation

Weighting coefficients in terms of time, presenting importance of the data of some year
for effective indicator, should be assigned in order to calculate aggregated indicator with

regard to dynamics. There are some methods of calculation weighting coefficients in terms

of time 5t . Let us decide harmonic factor methods, modified exponential mean and

arithmetic progression (Equation 2,3,4) with regard to calculate weighted mean for T years.
Harmonic factor method.
According to this method the weights in terms of time are defined by the following

equation:

t 1
O, == e T ’
REDIE ] @
Modified exponential mean.

Initially the parameter of smoothing A (initially it can be taken A= 2/T) is chosen.
Then the weights of each year are calculated by the equation:

. T-t
5 _AML=2)

Ty 0

Arithmetic progression method.
This method is utilized in case of condition of constant difference between neighboring

weighting coefficients. In this case coefficients in terms of time generate arithmetic

progression. Assigning first term of the progression O, = a, the progression difference d

T-1
is derived from the condition Zz‘:O a, =1

(23, +d(T-1) - _, d:i(l j
5 , ,

then 4)
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To satisfy the condition 0 <&, <1 itisnecessary 0 <@, < T

Then the weighting coefficients in terms of time are calculated by the following

equation:

O =8 +2—| =~ 5)

Choice of the method of calculation of weighting coefficients in terms of time o,

depends of the goals of the research and variation of indicators afrom year to year.
Integrative indicator of economic stability of the region is defined on the basis of
aggregated indicators calculated for course of economic stability by means of arithmetic or

geometrical mean:
X=X X=]]x5 2 =1 ©)
i=1 i=1 i=1

where X; - aggregated indicator of i-course of economic stability belonging to the interval
(0, 2), relative units;
i=1, ..., n —number of courses representing economic stability of the region; &; — the

weighting coefficients of influence of indicators of i-course on the total level of economic

stability in the region, relative units.

3. Results

Dynamics of economic stability level in the regions of the North-Western Federal
District of the Russian Federation (including 10 regions i.e. the Karelia Republic, the Komi
Republic, the Arkhangelsk Region, the Vologda Region, the Kaliningrad Region, the
Leningrad Region, the Murmansk Region, the Novgorod Region, the Pskov Region, St.
Petersburg) is estimated in order to test decided methodology. The estimation is made by 12
abovementioned components of economic stability based upon 67 indicators. The data
belongs to the period of 19 years from 2000 till 2018. Smoothing period of 5 years was chosen
in order to obtain more stable estimation. Consequent weighting coefficients calculated by

different methods are presented in Table 2.

Table 2. Values of weighting coefficients for chronological mean of integrative indicators at T=5

Method of obtaining of the weighting Period
coefficients 1 2 3 4 5
Harmonic weights method 0.040 0.090 0.157 0.257 0.457
Method of modified exponential mean 0.056 0.094 0.156 0.260 0.434
Method of arithmetic progression 0.150 0.175 0.200 0.225 0.250

Application of three decided methods of selecting weighting coefficients to the most

economically developed region is presented in Figure 1.
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Figure 1. Integrative indicator of economic stability level, represented by different types of the
weighting coefficients, in case of St. Petersburg

Obviously, the coefficients obtained by arithmetic progression provide the best

smoothing. The same conclusion can be done by Figure 2 in case of the Vologda Region.
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Figure 2. Integrative indicator of economic stability level, represented by different types of the
weighting coefficients, in case of the Vologda Region

Annual consumption of food (meat, milk, sugar, vegetable oil, bread in kg and eggs in

pcs.) per one person over 19 years represented by indicators for comparison is presented in

Figure 3. Critical level of stability is 1, less than 1 value means threat, and more than 1 value

— consumption indicator is normal.
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Figure 3. Annual consumption of main food products per 1 person in case of the Vologda Region —
integrative indicator

Obviously, provision with such main food products as meat and milk is steadily
decreased.
Dynamics of integrative indicators represented by chronological means with weights

obtained by arithmetic progression is presented on Figure 4 for 10 regions.
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Figure4. Dynamics of integrative indicator of economic stability level over the period of 2000-2018

Value of integrative indicator for the decided regions proclaims steady economic
stability in St. Peterburg only; at the same time other regions should determine actions to

increase total economic stability and its courses that require some complex actions.
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Figure 5. Aggregated indicators of economic stability represented by specific components for the
Vologda Region

Analysis of phase-plane plot of the Vologda Region (Fig. 5) proclaims significant
compression in almost each decided areas that obviously demonstrates threats in economic
stability of the region.

Utilization of aggregated indicators helps reveal the most critical areas of economic
stability and existence of challenges and threats for economic stability of the region. Level of
economic stability was steadily decreasing within decided period in the Vologda Region.

Results obtained by this methodology coincide at a great extent with methodologies of
other authors. Nevertheless, integrative estimation obtained by suggested methodology is
less sensitive to short time and accidental fluctuations. This methodology clearly reveals

critical components of economic stability which need careful attention of the government.

4. Discussion

Generation of a system of the indicators is the key objective for economic stability
estimation of the region. Hence, there are some researches of Russian scientists on this topic.
For instance, in 2014 specialists of Nizhny Novgorod State Technical University in the name
of R. E. Alekseev together with Economics Institute of Russian Academy of Science
suggested the system of indicators of economic stability of the region comprising 30
indicators (Senchagov, 2014). However, officially stated system of economic stability
indicators on the regional level is still missing.

The basic level of economic stability is still a question for discussion too. In this research
mean for 10 regions was taken as a minimum stability equal 1. However, in opinion of
(Korableva & Karpov, 2017) utilization of official government data on minimum provision
with each indicator is more correctly. For instance, according to the food security doctrine

proper provision with milk and dairy products should be more than 90% of the total
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consumption value (Garant, 2020). Amount of the weighting coefficients by the courses of
economic stability is also set on the basis of scientific experts’ opinion when the most
preferable aspects of economic stability are revealed. From one side, it brings definite extent
of subjectivity, but, from another side, it takes into account experts” opinion for impartial
assessment of economic stability.

Analysis of economic stability of the region with officially stated minimums and
opinion of experts may be the topic of future researches.

5. Conclusions

Suggested integrative methodology, identifying economic stability, helps range regions
by assigning definite range (number) in descending order of this indicator. Variation of the
integrative indicator in dynamics provides estimation of the extent of influence of some
actions or external shocking impacts on economic stability dynamics, and helps forecast

further development of the situation in the region.
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population of the region); Average floor area per one person (m?); Number of persons died in traffic
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products per 1 person in kg; Consumption of eggs per 1 person, pcs.; Consumption of sugar per 1 person,
kg; Consumption of vegetable oil per 1 person, kg; Consumption of bread per 1 person, kg;

5 Environmental: Air pollution from stationary source, t/km? Surface water pollution, t/km? Share of
recovered and incapacitated air pollutants in the total amount of air pollutants emitted by stationary
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Appendix 1. Indicators divided by courses of economic stability (Part 2)

II Production and economic threats

6 Production: Share of GRP in GDP of the Russian Federation, %; GRP per 1 person, RUB; Production
Increase Index; Wear of fixed assets, %; the unemployment rate, %; the occupational level, %

7 Investment: Share of investment into fixed assets in GRP; Investments into fixed assets per 1 person;
Index of investment physical volume in fixed assets

8 Innovation: Share of science and scientific service costs in GRP, %; Number of patents per 100,000
persons; Volume of innovation goods, works and services in % from shipped goods, completed works and
services; Technical innovation share in % from the total volume of shipped goods, completed works and
services.

9 Financial: Consolidated budget surplus of the region in GRP, %; Consolidated surplus cost in GRP per 1
person, thou. RUB; Overdue accounts payable in GRP, %; Provisional credentials in the GRP, %; Loss-maker
share; Indebtedness under credits, given to legal entities by credit companies in RUB in GRP, %;
Indebtedness under credits, given to physical persons per 1 person, thou. RUB; Ratio of deposits of legal
entities and physical persons, raised by credit companies in GRP, %; Consumer price index, %

III Infrastructural and supporting threats

10 Power-producing: Capacity of power plants, kW/person; Electrical power generation 1,000 kWh/person;
GDP (GRP) energy intensity (kg of oil equivalent/10,000 RUB) in constant prices of 2012

11 Infrastructural: Early childhood education gross coverage ratio; Number of students per 10,000 persons;
Number of trainees per 1 teacher; Number of hospital beds per 10,000 persons; Number of doctors per
10,000 persons; Number of nursing staff per 10,000 persons; Number of online mobile gadgets per 1,000
persons; number of companies using Internet

12 Foreign economic: Export/Import ratio; Share of import in GRP, %; Export growth rate, %




