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Abstract

Background: This article provides an assessment of the sustainability

of Russian regions’ financial systems. The study is based on the
methods of generalization and synthesis, correlation-regression
analysis, and multivariate classification. Since the structure of the
regional financial system is complex, several works are devoted to
studying its sustainability issues. The relevance of the study topic is
confirmed by the lack of a systematic approach to assessing the
integral index of sustainability and the possibility of using various
tools in determining the complex indicator.

Methods: This methodology with application of mathematical
statistics methods makes it possible to assess the financial system
sustainability in four sectors, to include the leading indicators in the
assessment, and to identify regions with extreme values of debt
burden indicators. The method was tested for the regions of the
Northwestern Federal District (NWFD) for the period 2010 - 2019 to
classify the regions according to three levels of debt sustainability.
Data collection from the 15t January to 30th April 2022 included
statistical data from government open internet sources, sectors
studied relate to government, and municipal budgets in the NWFD.

Authors analyzed regional debt sustainability indicators and identified

themes in the field of sustainability studies for the NWFD.
Results: An increased level of financial system sustainability was
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observed among the NWFD regions in the corporative and personal
finance sectors, indicating a significant contribution of businesses and
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households to maintaining the balance and sustainability of the
financial system in Russia as a whole. The results of the study also
identified that the NWFD regions belong to three clusters: cluster 1 -
high debt sustainability; cluster 2 - medium debt sustainability; and
cluster 3 - low debt sustainability.

Conclusions: The study results allowed the identification of regions
with a constantly high level of debt, financial, and corporative
sustainability.

Keywords
Financial Stability; Integral Index; Regional Financial System; Regions
of Russia; Indicators; The Northwestern Federal District
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Indeed, there was a typo in section 2.3, only 45 absolute variables of financial sustainability were selected for research at
the initial stage. The authors explain that they describe the most typical variables of the socio-economic development of
Russian regions, collected annually by the Federal Statistics Service. Absolute variables and relative indicators are interre-
lated, since relative indicators were calculated on the basis of absolute variables. For example, when calculating the ratio of
the government debt to gross regional product, two absolute variables are used: GRP and public debt. We could not find
data on the selected 45 absolute variables in the public domain due to the fact that the set of macroeconomic indicators
collected by the Federal State Statistics Service in the Russian Federation changes from time to time, as well as the fact that
only in the last decade this information has been presented openly on special resources. We were able to collect the full
number of indicators only for the period from 2010 to 2019. Indeed, the same indicators for four blocks were calculated for
the period from 2010 to 2015, but due to the large volume of data, it is not possible to compactly fit the indicators from 2010
to2019in onetable. Therefore, the results of the study are partially presented. The main issue in assessing the sustainability
of the financial system is the debt sustainability block. And one of the directions of this topic is the assessment of the
acceptable level of public debt. In this paper, we really did not present target values for indicators of the debt level regional
budgets, focusing on the methodology for assessing the sustainability of the country's financial system and describing the
results obtained, and discussing them.

Any further responses from the reviewers can be found at the end of the article

Introduction

Financial stability is one of the critical tasks in the functioning of the financial system of a country. National financial
systems have significant differences in their development, structure, and approaches to regulation. The issues of assessing
sustainability and stability of financial systems are relevant for different countries (Mazanec and Bartosova, 2021;
Strachinaru and Dumitrescu, 2019; Jiang et al., 2019; Santos, Lisboa, and Eugénio, 2021; Chupina et al., 2021). The use
of financial resources in various sectors of the economy, on the one hand, contributes to an increase in investment activity
and an increase in the stability of the financial system, but, on the other hand, it may lead to its destabilization in case of
low and untimely financing of its various sectors. In this regard, the issues of assessing the sustainability of regional
financial systems are the subject of debate (Schinasi, 2004) and are actively discussed by the world scientific community
(Schellhorn, 2020; Checherita-Westphal, Hughes Hallett, and Rother, 2014; Baharumshah, Soon, and Lau, 2017; Ghosh
and Sahu, 2021).

During the study, the authors concluded that changes in financial stability could not be summarized in one quantitative
indicator. Unlike, for example, price stability, there is still no unambiguous unit for measuring financial stability. This
reflects the multifaceted nature of the financial system, related to financial institutions' resilience and sustainability and
the smooth functioning of financial markets and settlement systems. Therefore, the authors divided financial system
stability into four sectors: the public finance sector, which characterizes the development of the budget system and its debt
sustainability; the financial sector, which represents the state and sustainability of the banking sector, the insurance sector,
the non-state pension funds, microfinancing entities, and cooperatives; the corporative sector, which takes into account
the stability of cash flows of small businesses and the scale of large regional enterprises; and the personal finance sector,
which takes into account the contribution of the households to the stable functioning of the financial system.

We would like to note that changes in financial stability are inherently difficult to predict. The state of financial system
sustainability should assess violations as they occur and indicate the risks and vulnerabilities that may lead to such
violations in the future. Therefore, an integrated approach is necessary to determine the growth of risks and imbalances
and consider the time lag when using the integral financial system sustainability index to develop the public financial
policy.

Besides the time delays, the policy instruments of financial stability are often indirect. In some cases, disagreements may
occur on the original purpose of the device and the implications of its application for the stability of the regional financial
system. At the same time, policies aimed at financial stability often involve a trade-off between sustainability and
efficiency. Measures to improve financial stability include, on the one hand, striving for efficient allocation of financial
resources, and on the other hand, are designed to reduce the risks or vulnerabilities of the financial system. So, for
example, foreign exchange restrictions can reduce or eliminate certain risks associated with international capital flows
while reducing the efficiency of the domestic financial market (He, Korhonen, and Qian, 2021; Gurrea-Martinez, 2021;
Rendon, 2019).

Literature review

The issues of assessing financial stability and vulnerability of financial systems are widely discussed in the scientific
literature. For example, in Khalatur er al.’s study (2021), the method of deriving regression equations in multivariate
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regression analysis is used to test the model for assessing the financial system's sustainability. Based on the data from
several Eastern European countries from 2010 to 2019, a model of the modern business space ‘Volatility, uncertainty,
complexity and ambiguity’ (VUCA) was developed on the example of the banking sector. The driving forces,
consequences, requirements, and macroeconomic indicators of countries’ activities under the conditions of ‘VUCA-
world’ were determined. The analysis showed that with an increase in GDP growth factors, growth in gross national
income per capita, research and development costs, foreign direct investment, and net capital inflows by 1%, the effective
ratio of the bank capital to the assets also increases by 1%.

The scientific works also note that there are no uniform worldwide standards, methods, or indicators for assessing
financial sustainability (Babar ez al., 2019; Nasreen and Anwar, 2019; Jadoon ez al., 2021; Shkolnyk er al., 2021). A
broad scope is employed in order to evaluate and test system sustainability based on different indicators and standards.
The results obtained in the scientific works are diverse and interesting in terms of data coverage and other assessment
methods. So, for example, in the study by Ukrainian scientists (Shkolnyk e al., 2021) on big data related to the structure
of the financial system of Ukraine, a matrix of the financial system sustainability characteristics was developed, according
to the 4x2 principle proposed by experts of the International Monetary Fund (Schinasi, 2004). The list of indicators for
calculating the integral indicator characterizing the stability of the financial system of Ukraine covers the period from
2007 to 2019. It includes 29 indicators that consider the peculiarities of its formation and development. Harrington’s
desirability function is used to determine an integral indicator that characterizes the state of financial stability. As a result,
intermediate calculations obtained by modeling groups of indicators showed that the level of access to the financial
system and its depth were balanced during the study period. The financial system’s efficiency is low and characterized by
high volatility (the range of variations is 0.51).

An important aspect is a statement made by the scientists that it is essential to study the stability of the financial system
from the point of view of resistance to a crisis (Gustiana and Nasrudin, 2021; Albulescu, 2010). The paper substantiates
the thesis that instability faced by the countries is a consequence of the vulnerability of the financial system. As a method
for assessing the sustainability of the financial system, the aggregate financial index (AFSI) is used, which takes into
account the influence of other countries on the stability of the Indonesian banking system, and the Indonesian financial
system stability index (ISSK), which takes into account the internal stability of the banking system of this country.
Using the principal component analysis (PCA) method, one of the multivariate statistical analysis methods, the authors
established specific weights for each index, which allowed to refine the index values for the period from 2000 to 2019. As
a result, the paper concludes that each period of a crisis is always accompanied by pressure from the global economic
environment, which significantly affects the sustainability of the regional financial system in Indonesia. The index
developed by the scientists will serve as the basis for changing the regional policy of the Indonesian authorities.

Also, the study separately raises questions on the quality of the banks’ accounting, which plays a decisive role in assessing
the financial sustainability of the banking system (Acharya and Ryan, 2016; Arzamasov and Penikas, 2014). The world
scientific community is coming to understand the high role of transparency and openness of accounting information as a
guarantee of objectivity in assessing the financial system sustainability. The scientists actively discuss how banking
accounting and information disclosure can affect the assessment of the financial system's sustainability. The articles pay
particular attention to recommendations for developers of accounting standards and policymakers of the financial system
(Badertscher, Burks, and Easton, 2012; Grassa, Moumen, and Hussainey, 2021; Acharya and Ryan, 2016).

Methods

Methodology for assessing the debt sustainability of the regional budget system

The assessment of the sustainability of the financial system of the regions of the Russian Federation is carried out using
the author’s methodology, which is a set of stages and assessment methods and a specific algorithm for their application.
The developed method assumes: a) justification of choice and systematization of indicators of the debt sustainability,
financial sustainability, corporative sustainability, and personal sustainability; b) standardization of the indicator values
based on the method of Euclidean distances; c) calculation of the integral indicator in each sustainability sector, its
ranking using the multivariate mean formula; d) division of regions into three sustainability groups: low, medium and
high; and e) determination of the limit values (threshold values, limits) for the debt sustainability group using the
hierarchical cluster analysis (Figure 1).

At the first stage of the study, using open data from the Federal State Statistics Service, a database of the Russian
economy's statistical financial and economic indicators was formed. Next, a calculation of about 45 variables of the
financial system sustainability in four sectors was carried out. Then, at the second stage of the study, using the correlation
analysis method, six indicators of debt sustainability, nine financial sustainability indicators, seven corporative sustain-
ability indicators, and four personal sustainability indicators were selected. All indicators were highly correlated with the
integral sustainability index for each financial system sector, respectively.
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1 stage: collectinga database of indicators for the Russian regions

2 stage: selection of debt sustainability indicators

3 stage: standardization of indicator values

4 stage: calculation of the debt sustainability index

5 stage: ranking of debt sustainability regions by three types
(6 stage: calculation of debt limit for three clusters (only for debt )
| sustainability) )

Figure 1. Methodology for assessing the sustainability of the financial system.

At the third stage of the study, all indicator values were standardized. To consider the degree of differences of each
indicator across the federal districts, the method of Euclidean distances was applied. At the fourth stage of the study, the
standardized values of six indicators were averaged over a dynamic series using the multivariate mean formula. A
composite index (an integral indicator) across four sectors was calculated for each region of the Northwestern Federal
District (NWFD). At the fifth stage of the study, a hierarchical cluster analysis was carried out, and the limit boundaries
were obtained for the six indicators for the debt sustainability sector. Control of budget constraints within the boundaries
found by us will increase the debt sustainability of the budget system of the Russian regions. We also used a distance
matrix of indicators over the regions of the NWFD for each analyzed period and divided the data set into three clusters
according to the type of debt, financial, corporative, and personal sustainability: low, medium, and high.

Study design

The study is based on the open data from the Federal State Statistics Service and the Ministry of Finance of the
Russian Federation: 45 absolute variables (the most typical indicators for the mentioned regions) of the socio-economic
development of Russian regions were selected for the period from 2010 to 2019 (in 11 regions of the Northwestern
Federal District (NWFD) which includes: Republic of Karelia, Republic of Komi, Arkhangelsk region, Vologda region,
Kaliningrad region, Leningrad region, Murmansk region, Novgorod region, Pskov region, Saint Petersburg, Nenets
Autonomous region), such as the local government debt, the volume of exports and imports, the gross domestic product,
the population, the income of people per capita, the expenses for repayment and servicing of the local government debt,
the amount of insurance premiums and payments, the level of the overdue debt on loans, the amount of deposits, the
amount of loans granted to individuals and legal entities, the actual average wages, the consumer price index, the amount
of payable and receivable accounts of enterprises, the profit of enterprises, etc. On the basis of the absolute variables,
26 relative indicators of sustainability were calculated (for the calculations please see Barykin er al., 2022) across four
sectors (the public finance sector, the financial sector, the corporative sector, and the personal finance sector) for
11 regions of the NWFD. Authors calculated indices for the debt, financial, corporative, and personal sustainability.
The study uses the methods of comparison and grouping, correlation analysis, Euclidean distances, calculation of the
multivariate mean, and hierarchical cluster analysis. Selection of the sustainability indicators was carried out using the
correlation analysis, which has proven itself as a method for studying the relationship between the debt sustainability of
the budget system and the risk of the government debt (Eberhardt and Presbitero, 2015; Egert, 2015; Li er al., 2021). Data
on the selected indicators were collected from 1% January 2022 to 30™ April 2022. The open service of the Federal State
Statistics Service contains both separate information on statistical indicators and statistical reports for different time
periods. Statistical reports used for this study were ‘Russia in numbers’ (https://fedstats.ru/, accessed 30™ March 2022)
and’Regions of Russia’ (Federal State Statistics Services, n.d.-b) to collect financial data while socio-economic indicators
were collected from the’Russian Statistical Yearbook’ (Federal State Statistics Services, n.d.-c). Translation of all reports
from Russian to English were undertaken by the authors in this study. In order to get data from 2010 to 2019, these reports
were collected for various years. In the process of collecting information, some variables were excluded because they
were partially presented, since it was not possible to find data for each year from the study period (the data from the period
from the year of 2010 till the end of the year of 2015 has been excluded for the purpose of making conclusions regarding
regional comparisons). Figure 1 shows the stages methodology for assessing the sustainability of the financial system.
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Data analysis

The calculation of the integral sustainability indicator was carried out using the multivariate mean formula, which has
proven itself for ranking indicators of digital potential (Kiseleva, 2020). To determine the budget constraints for the debt
sustainability sector for each region of the NWFD, the hierarchical cluster analysis was applied since it is one of the
methods of multivariate classification that allows to select areas of congestion of objects from the aggregate data and to
combine them into groups (segments) with homogeneous characteristics (Kurushin and Vasilyeva, 2017). The authors
used the method of Euclidean distances and cluster analysis to standardize the obtained values. Both methods are widely
used in natural and social sciences to standardize and classify panel data (Barykin ez al., 2021b; Bagirova and Shubat,
2021; Zolkover et al., 2020). In studying debt sustainability, using a distance matrix of indicators over the regions of the
NWED for each analyzed period, we divided the data set into three clusters: cluster 1 - high debt sustainability; cluster 2 -
medium debt sustainability; and cluster 3 - low debt sustainability. Then the authors identified the cluster centroids for
each indicator. Cluster centroids were determined based on the values of cluster centroids of indicators for each year of the
study period, taking into account their average number, as well as the dynamics of change over the last four periods (the
year of 2016, the year of 2017, the year of 2018, and the year of 2019). This allowed confirming the results obtained at
the previous stage of the study and solve the problem of targeted statistical justification of the norms of budget restrictions
on the debt burden. On the one hand, the values of cluster centroids were compared with the actual values of debt
sustainability indicators, which allowed us to confirm the results obtained earlier. On the other hand, using clustering, the
criteria values of debt sustainability indicators were justified. As a method of clustering, we used the method of intergroup
communication, and as a measure of the similarity between objects, we used the Euclidean distance. The application
of the author’s methodology using the standardization of indicator values and the multivariate mean formula allowed
the authors of the study to rank the regions according to the level of the debt, financial, corporative, and personal
sustainability, and the use of the hierarchical cluster analysis allowed to group the regions by three types of the debt
sustainability and to determine the acceptable boundaries of the debt sustainability indicators for each cluster. All
calculations in our study were performed using MS Excel 2016 for calculations.

Results

Evidence of Russian regions

The debt sustainability indicators included were: the ratio of the government debt to gross regional product (GRP); the
amount of the local government debt on per capita; the share of the government debt in regional export; the ratio of the
government debt to total budget revenues; the percentage of expenditures on servicing of the government and municipal
debt in regional budget expenditures; the balance of annual payments for servicing and repayment of the government debt
to total budget revenues. The last three indicators refer to the regulated indicators of the Budget Code of the Russian
Federation (Federal State Statistics Services, n.d.-a).

The nine financial sustainability indicators included were: the ratio of deposits of legal entities to the number of registered
enterprises and organizations; the deposits of individuals per capita; the ratio of loans granted to legal entities to the
number of registered enterprises and organizations; the loans given to individuals per capita; the amount of debt on loans
of legal entities and individuals to the loans granted; the volume of overdue debt on loans of legal entities to the number of
registered enterprises and organizations; insurance premiums; and insurance payments.

The sector of corporative finance (business statistics) is represented by seven indicators: profitability of enterprises;
unprofitability of enterprises; accounts receivable turnover; accounts payable turnover; the ratio of overdue accounts
payable to revenue; the ratio of overdue receivables to revenue; and the share of unprofitable organizations in the total
number of organizations.

The sector of personal finance (population statistics) includes four indicators: average per capita money income; average
monthly wages; the average amount of assigned pensions; average per capita consumer expenditures of the population;
and overdue wage arrearages.

Thus, the values of the indicators were calculated for the regions of the NWFD for the period from 2010 to 2019 (Barykin
etal., 2022). A fragment of the obtained results for 2016-2019, containing sample data by years for the debt sustainability
sector, is provided in Table 1. Full results are available in the underlying data in the index ids tab (Barykin ez al., 2022).
Similar tables were calculated for the other sectors but are not provided here because of the limited scope of the work
(Barykin er al., 2022). According to Table 1, we can see that two regions stand out from the others by the low values of the
indicators, allowing us to preliminarily classify them as regions with a high level of debt sustainability: Saint Petersburg
and the Leningrad Region (LR). High values of the indicators for the analyzed period are most often observed in the
Republic of Karelia (RKA), the Republic of Komi (RKO), the Vologda (VR), Arkhangelsk (AR), and Pskov regions
(PR), therefore, most likely, these regions of the Russian Federation will be classified as regions with a low level of debt
sustainability.
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Table 6. The scale of values of the regional debt sustainability index (Ips) (the authors’ calculations).

Value range by year Type of sustainability
2016 2017 2018 2019

>1 >1 >1 >1 High

<1; >0.32 <1; >0.32 <1; >0.42 <1; >0.44 Medium

<0.32 <0.32 <0.42 <0.44 Low

Standardization of the indicator values using the method of Euclidean distances and further ranking of the resulting base
of standardized estimates using the multivariate mean formula made it possible to obtain the debt, financial, corporative,
and personal sustainability indices for each region of the NWFD (Tables 2—5). The use of the multivariate mean formula
in our study correlates the value of a standardized indicator with the average value for the regions in the assessed year and
allows us to identify the regions where the level of sustainability is significantly higher than the average value, close to the
average value and significantly lower than the average value.

The public finance sector

The standardized values of the indicators reflect the high level of sustainability of the Saint Petersburg, Leningrad, and
Kaliningrad regions, which naturally affects the value of the integral sustainability rating of these regions. The regions
with a low level of debt sustainability include the Republic of Karelia, the Republic of Komi, and the Pskov region. The
rest of the NWFD regions at this stage of the study can be considered as the regions with medium debt sustainability.
Due to the developed gradation scale, all regions are well classified into three groups: with high, medium, and low debt
sustainability (Table 6). The integral values of the debt sustainability index for the NWFD regions allow determining the
regions with the level of sustainability higher than medium. Over the period of four years, such regions have consistently
included Saint Petersburg, the Leningrad, and the Kaliningrad regions.

The financial sector

The preliminary calculated standardized indicator values reflect the high level of sustainability of Saint Petersburg, the
Murmansk and Kaliningrad regions, and the Nenets Autonomous Region, which will subsequently affect the calculation
of the integral sustainability index for the financial sector. For this type of analysis, the regions with a low level of debt
sustainability include the Republic of Karelia, the Pskov, Leningrad, and Novgorod regions. The rest of the NWFD
regions at this stage of the study can be considered as the regions with medium debt sustainability.

The integral index of financial sustainability shows that the regions with the level of sustainability higher than medium
have consistently included Saint Petersburg, the Arkhangelsk, and the Vologda regions for the period of four years. In
order to carry out a gradation of the studied regions according to three types of debt sustainability, it is necessary to set up
the intervals for such assessment: the regions with the debt sustainability index equal to or greater than one were assigned
to the group with high debt sustainability; the subsequent gradation was carried out taking into account the differentiation
of annual values within two groups. So, for example, in 2019, the maximum value of the indicator for Saint Petersburg
was 1.92, and the minimum value for the Pskov region was 0.58. The average value between 1 and 0.58 is 0.22, therefore,
the border of the group with a medium level of the financial sector sustainability is determined from 1 to 0.78, and for
groups with low sustainability, the values of the integral indicator will range from 0.78 to 0.

The regions with high financial sustainability include Saint Petersburg, the Arkhangelsk, and Vologda regions. The
regions with medium financial sustainability include the Kaliningrad, Leningrad, Murmansk, and Novgorod regions, the
Republic of Karelia and the Republic of Komi, and the Nenets Autonomous Region. The only region with low financial
sustainability is the Pskov region. Here, it is important to note that the sustainability of the financial sector as a whole is
higher than the debt sustainability.

The sector of corporative and personal finance

The standardized values of indicators for the corporate finance sector reflect the high level of sales profitability of
enterprises in the Leningrad and Murmansk regions, and the Republic of Karelia, which will subsequently affect the
calculation of the integral index of sustainability of the regional financial system for this sector. The regions with low
levels of sales profitability include the Pskov and Kaliningrad regions. The rest of the NWFD regions can be considered as
regions with medium sustainability. As for the first indicator of the personal-finance sector, a higher level of per capita
money income is accounted for by the Nenets Autonomous Region, the city of Saint Petersburg, the Murmansk,
Arkhangelsk regions, and the Republic of Komi. Lower values of the indicator are typical for the Pskov and Novgorod
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Table 7. Results of the study of clusters by regions of the Northwestern Federal District (NWFD) and volume of
budget constraints (by the authors’ calculations).

Debt sustainability indicators Budget constraints (debt limits)
for regions with low debt sustainability
2018 2019
R1: debt-to-GDP ratio, % 5.04 5.01
R2: debt-to-per capita ratio, rubles per person 45544 30337
R3: debt-to-regional exports ratio, % 104.87 66.28
R4: debt-to-revenue ratio, % 59.39 42.33
R5: debt cost-to-budget expenditures ratio, % 2.83 2.92
R6: debt cost-to-revenue ratio, % 51.5 48.79

regions. Later on, such differentiation for each standardized indicator will affect the calculation of the integral rating of
sector sustainability for the region.

The regions with high sustainability according to the integral index for the corporative finance sector include the
Republic of Komi, and the Vologda, Kaliningrad, Novgorod, and Pskov regions. The corporative finance sector of the
Nenets Autonomous Region has low sustainability. The corporative finance sectors for the rest of the regions have
medium sustainability. In general, the results for the corporative finance sector differ from the financial sector and the
sector of debt sustainability, other regions play a leading role in this sector.

It is important to note here that the sustainability of the personal-finance sector is higher than all the sectors of
sustainability identified in the study, namely, higher than the sectors of debt, financial, and corporative sustainability.
In addition to this, in the personal finance sector, there are no regions with a low level of sustainability, which indicates a
high contribution of households to the stable functioning of the region’s financial system. According to the results
obtained, the regions with high sustainability include the Republic of Komi, the Arkhangelsk and Murmansk regions, the
city of Saint Petersburg, and the Nenets Autonomous Region. The rest of the regions belong to the group of regions with
medium sustainability.

At the final stage of assessment, the criteria values of the debt sustainability indicators were determined based on the
values of the cluster centroids (Table 7).

The results of the study also identified that the NWFED regions belong to three clusters: cluster 1 - high debt sustainability:
Saint Petersburg, the Leningrad region, and the Nenets Autonomous region; cluster 2 - medium debt sustainability: Saint
Petersburg, the Vologda, Murmansk, and Kaliningrad regions; and cluster 3 - low debt sustainability: the Republic of
Komi, the Republic of Karelia, the Arkhangelsk, Novgorod, and Pskov regions.

Discussion

The issues of sustainability within the financial system of the Russian Federation are of decisive importance
for maintaining the country’s debt security and investment-driven development. The authors suppose that the term
‘stability” means the invariability of parameters, while the term ‘sustainability’ is used in a broader and more complex
sense (Barykin ez al., 2021b). In this article, authors proposed a reliable and understandable methodological apparatus
for assessing the sustainability of the financial system of the Russian regions and tested it on data from 11 regions of
the NWFD. At the same time, our results need to be validated on a wider data set, for which we can recommend other
researchers use our methodology. The chiefs of municipal entities can use the data on the debt sustainability standards to
objectively assess the acceptable level of the debt burden and manage the size of the government debt in the event of a
decrease in the debt sustainability of budgets. To develop a financial policy aimed at sustainable and stable functioning
of the financial system, heads of municipalities can focus on the value of integral indices across the four sectors of
sustainability. It is necessary to point out the limitations of the study. The developed methodology has been tested in
11 regions of the NWFD. For a more reliable evidence base, the number of regions should be expanded. The need to
increase the sample of Russian regions to confirm the methodology presented in the article is related to the directions of
further research. The directions of further research within the framework of the given topic are determined by the need for
an annual statistical justification of the differentiated values of the upper limits of the local government debt, taking into
account the macroeconomic situation in Russia and the regional priorities of socio-economic development.
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The calculations showed the paramount importance of assessing the debt sustainability of the regional financial system
since it is debt stability that is the key to stability and sustainability of the entire financial system. According to the results
of the study, the debt sustainability of five regions of the NWFD (the Republic of Karelia, the Republic of Komi, and the
Vologda, Pskov, and Arkhangelsk regions) is at a low level, as a result of which the authorities need to pursue a balanced
debt policy aimed at increasing the sustainability and solvency of the region, reducing the credit risks, focusing on
standards of the debt burden obtained during the study of each cluster, as well as the standards established by Art. 107.1 of
the Budget Code of the Russian Federation (Official internet portal of legal information (n.d.).

Conclusions
In general, summing up the results of the assessment of the sustainability of the regional financial system across the four
selected sectors, we can note the following:

*  When testing the methodology obtained, the authors faced the need for more thorough empirical indicators
based on annual statistics, since not all indicators have passed empirical tests for adequacy of the values
presented in the collections of values.

* Across the different sectors of sustainability, there is a difference between the regions belonging to one group or
another according to the type of sustainability. So, for example, the sustainable regions in the public finance
sector (debt sustainability) include the Kaliningrad and Leningrad regions, and the city of Saint Petersburg; in
the financial sector, the sustainable regions include the Arkhangelsk and Vologda regions, and the city of Saint
Petersburg; in the corporative sector - the Republic of Komi, the Vologda, Kaliningrad, Novgorod, and Pskov
regions; in the personal finance sector - the Republic of Komi, the Arkhangelsk, Murmansk regions, the city of
Saint Petersburg and the Nenets Autonomous Region. Saint Petersburg is the only region that belongs to the
high sustainability group according to each integral index. The personal finance sector is represented by five
sustainable regions for the period from 2016 to 2019, which is higher than the number of regions with high
sustainability in other sectors and reflects the high contribution of households of the NWFD regions to the
sustainability of the financial system.

* In general, the values of the integral indices of financial, corporative, and personal sustainability exceed the
value of the integral index of debt sustainability, which indicates higher sustainability of the three sectors in
comparison with the public finance sector. Such a conclusion can be made based on the values of integral
indicators for different sectors: for example, the tables show that the minimum value of the personal-finance
index for the period from 2016 to 2019 for the NWFD regions is not less than 0.5, while the minimum value of
the debt sustainability index for the same period is 0.19. It can also be seen that the number of high values of the
financial, corporative, and personal integral indices by years for 11 NWFD regions is generally greater than the
number of high values of the debt sustainability integral index.

* Inthe course of the study, the authors also realized the impossibility of calculating a general (aggregate, unified)
sustainability index for the four sectors of the financial system, since each sector has its own type of
sustainability in terms of homogeneous indicators included in it, which is confirmed by the results of the study.
Also, the authors believe that the resulting summary estimate would be difficult to interpret logically. High
scores in one of the sectors may overlap with low scores in another sector, as the result of which the region will
be assessed as a region with a medium level of sustainability, and such an overall estimate will in no way reflect
the detrimental processes of decreasing financial stability in one of the sectors. In our study, this thesis is fully
actualized in the assessment of debt sustainability. Therefore, the calculation of the integral index for each sector
of sustainability is an advantage of the developed methodology.

Data availability
Figshare: Sustainability of the regional financial system ENG(1).xlsx. https://doi.org/10.6084/m9.figshare.20278098.v1
(Barykin et al., 2022).

This project contains the following underlying data:

* Sustainability of the regional financial system ENG (1).x1sx (Data for the calculation of indicators with tabs for
‘Debt of the NWFD regions’, ‘indicators’, ‘index Ids’, ‘index Ifs’, ‘table’, ‘index Ics’, and ‘index Ips’)

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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However, there are minor issues to be solved in the manuscript.

My comments:

1. The discussion section is too small; it needs to be deepened and expanded, referring to the
results of previous studies in assessing the stability of regional financial systems.

2. How would you explain the choice of indicators in each of the four sectors of the financial
system? Why exactly did they go there? The composition of the indicators is well described
at the beginning of Section 3, but it is not clear how the choice of indicators within each
sector was made. Clarify, please.

3. One of the blocks for assessing the financial system'’s stability is debt sustainability.
However, the authors do not discuss the concept of a country's debt sustainability in detail.
Are our debt management practices similar between developed and developing countries?
Especially the issues of debt sustainability of the country's budgets are essential for the
federal structure of the state. The article says that the indicators R4, R5, and R6 refer to
indicators that regulate the debt burden in the Russian Federation and are regulated by the
Budget Code. Still, a more detailed description of holding the debt burden of the budget in
the Russian Federation is not presented.

4. What is the fiscal autonomy, in particular, the budgetary autonomy of regional and local
governments and the spending autonomy of regions, and what types of transfers, under
what conditions and criteria do regional governments (local governments) receive transfers
from the federal government (from the regional government) of Russia? It may be worth
presenting the debt potential of regions with fiscal transfers of the federal government and
comparing it with the debt potential of regions without fiscal transfers of the federal
government, as already studied in the international literature in question.

5. The article does not present the foreign trade competencies of Russian regions. Can the
governments of Russian regions actively pursue their foreign trade policy, especially
exports and imports, without the federal government's approval? What is the share of
export revenues of the studied regions in their regional budget? Suppose Russian regions
have no such foreign trade competence. In that case, the increase or decrease of a region's
exports is not due to its decision but to the federal government's conclusion. When the
federal government decides on exports and gets most of its income from them, then what
justification and informative value does indicator 3 (R3) have?

Is the work clearly and accurately presented and does it cite the current literature?
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Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes
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Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Sergey Evgenievich Barykin, Graduate School of Service and Trade, Petersburg Polytechnic
University, Russia, Russian Federation

1. Thank you. The composition of the indicators is explained by the accumulated
experience of other scientists who presented research results and justified the choice
of indicators of the sustainability of the financial system, as well as the availability of
data collected by the State Statistics Service of the Russian Federation.

2. The distribution of indicators by sector should have been logical. If the indicator
characterizes the state of public debt and the microeconomics of the country as a
whole, then such indicators were attributed to the debt sustainability sector. If the
indicator characterizes the development of the banking system, then it was assigned
to the financial sustainability sector. If the indicator describes personal finances
(various incomes and expenditures of the population), then it was assigned to the
personal sustainability sector. If this indicator characterizes the financial condition of
enterprises and corporations in the region, then it was assigned to the corporate
sustainability sector.

3. Yes, indeed, the main issue in assessing the sustainability of the financial system is
the debt sustainability block. And one of the directions of this topic is the assessment
of the acceptable level of public debt. This is an interesting and at the same time
quite complex topic. In this paper, we really did not present target values for
indicators of the debt level regional budgets, focusing on the methodology for
assessing the sustainability of the country's financial system and describing the
results obtained, as well as discussing them. At the same time, the authors conduct a
study of the safe level of public debt and describe the results in another article. It can
be found on the website of the MDPI publishing house (https://www.mdpi.com/2227-
7099/10/5/106)

4. The issues of fiscal autonomy are interesting, but in our opinion, it should be the
subject of a separate paper. The authors did not conduct research on how the
presence or absence of fiscal transfers affects the state of debt sustainability of the
financial system of the Russian Federation. Fiscal transfers of the federal government
are carried out only under certain conditions and are unevenly distributed across the
regions of the Northwestern Federal District. Some regions of the Northwestern
Federal District do not have fiscal transfers from the federal budget (federal
government) at all. Inclusion in the assessment of the sustainability of regional
financial systems is problematic, since there is no publicly available information on
the amounts of fiscal transfers.

5. The foreign trade competencies of the Russian regions are quite broad. Since the
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products for export are produced by enterprises located in a particular region, then
most of the income from the sale of export products goes to the regional budget, but
not to the federal budget. That is why regions with a high volume of exports have less
debt dependence and greater sustainability of regional financial systems. This is
confirmed by the results obtained in the paper. Therefore, it is advisable to include R3
indicators in the assessment. At the same time, the value of this indicator R3 in most
regions of the Northwestern Federal District (Table 1) is very high, which we assess
negatively. This is due to the fact that only a few regions of the Northwestern Federal
District sell products for export in high volumes.
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Muhammad Ibrar
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Paper title: Sustainability of the regional financial system: a case study of the Northwestern
Federal District

Thank you so much for the opportunity to read and review your paper. This is a very interesting
and informative paper. The authors have put efforts for the best. However, some points need to
be cleared in the manuscript.

Overall comments:

1. In the Methodology for assessing the debt sustainability of the regional budget system
section on page 5 of the article, it is said that 45 financial sustainability indicators were
selected at the first stage of the study. However, in section 2.3. Materials and Methods on
the same page talk about 53 absolute indicators of the socio-economic development of
Russian regions, of which 26 relative indicators were selected. How are indicators, absolute
and relative indicators related in this study?

2. The study says that it is based on data on socio-economic development indicators from
2010 to 2019. What is the reason for the choice of the study period? Why was a more
extended period taken, for example, over the last 20-40 years?

3. Tables 2,3,4,5 show sustainability indices from 2016 to 2019. Have such indices been
calculated for an earlier period, given that macroeconomic indicators have been collected
since 2010?

4. The study states in Section 2.3, "The study uses the methods of comparison and grouping,
correlation analysis, Euclidean distances, calculation of the multivariate mean, and
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hierarchical cluster analysis." In these methods, for calculating the stability index of the
financial system, the use of the multivariate average formula is of crucial importance;
therefore, in our opinion, the formula should be given according to the text of the scientific
work.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
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Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes
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expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Sergey Evgenievich Barykin, Graduate School of Service and Trade, Petersburg Polytechnic
University, Russia, Russian Federation

Answer 1: Thank you for your comment. Indeed, there was a typo in section 2.3, only 45
absolute variables of financial sustainability were selected for research at the initial stage.
This is the most typical variables of the socio-economic development of Russian regions,
collected annually by the Federal Statistics Service.

Absolute variables and relative indicators are interrelated, since relative indicators were
calculated on the basis of absolute variables. For example, when calculating the ratio of the
government debt to gross regional product, two absolute variables are used: GRP and
public debt.

Answer 2: Thank you for your comment. Indeed, the study of debt indicators in the long
term is of greater interest. And we also regret it. However, we could not find data on the
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selected 45 absolute variables in the public domain. This is due to the fact that the set of
macroeconomic indicators collected by the Federal State Statistics Service in the Russian
Federation changes from time to time, as well as the fact that only in the last decade this
information has been presented openly on special resources. We were able to collect the
full number of indicators only for the period from 2010 to 2019.

Answer 3: Thank you .Yes, the same indicators for four blocks were calculated for the
period from 2010 to 2015, but due to the large volume of data, it is not possible to
compactly fit the indicators from 2010 to 2019 in one table. Therefore, the results of the
study are partially presented.

Answer 4: In the paper, in the Data Analysis section, after the quote "The calculation of the
integral sustainability indicator was carried out using the multivariate mean formula ...", a
link is given to the article where this formula is given on page 77. The entire bibliography of
the article is in the list of references and the article is publicly available in the international
database Scopus. If, after reading the comment, the reviewer deems it necessary to add the
multivariate mean formula to the text of the paper, we will definitely do it.
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