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AbsTRACT
The subject of this research is public debt and its impact on the dynamics of the gross regional product (GRP) of 
Russian regions. The aim of the paper is to study and scenario forecast the dynamics of changes in the internal 
public debt of Russian regions and model its impact on the gross regional product. The relevance of the study 
is due to the fact that most regions in Russia are forced to increase their internal public debt to cover the 
budget deficit and attract additional resources to solve important problems of socio-economic development and 
implement strategic projects and programs. The scientific novelty of the research consists in the development 
of a methodological approach to modelling and scenario forecasting of the level of GRP of different groups of 
regions, taking into account the dynamics of changes in their public debt using ARIMA modelling methods and 
panel regression analysis. The authors apply the methods of panel regression analysis and ARIMA modelling. The 
authors theoretically substantiated that public debt has a different effect on the GRP of Russian regions, grouped 
the regions according to the identified trends in the dynamics of public debt (the first group —  regions with the 
dynamics of debt reduction over the period from 2005 to 2019, the second group —  with the all-Russian trend 
of debt reduction since 2017, and the third group —  with the dynamics of increasing debt over the period under 
review); developed a methodological approach to modelling and scenario forecasting of the GRP level of the 
Russian regions, taking into account the dynamics of changes in their public debt; carried out ARIMA forecasting of 
the dynamics of the public debt of different groups of regions and built regression models of the influence of the 
dynamics of the public debt on the GRP of Russian regions within the selected groups; formed forecast scenarios 
for changes of the GRP level of regions, taking into account the identified dynamics of transformation of their 
internal public debt. Conclusions: public debt has a negative impact on the dynamics of the GRP of Moscow and 
the Moscow region and a positive effect on the dynamics of the GRP of the regions of the second and third groups. 
The findings of the study may be used by the federal and regional executive authorities to find ways to reduce 
public debt and increase the level of socio-economic development of territories.
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INTRODUCTION
Public debt plays an ambiguous role in the 
economic development of regions. The 
overwhelming majority of Russian regions 
today are forced to increase their domestic 
public debt to cover the budget deficit and 
attract additional resources to solve acute 
problems of socio-economic development 
and implement strategically important 
projects and programs. Budgetary and 
bank lending to the regions of the Russian 
Federation, attracting investments in their 
debt securities constitute the financial 
basis for the economic development of 
these regions. Such researchers as I. V. Kisel’ 
[1], N. N. Parasotskaya and N. D. Yakovlev 
[2] , S . L i , P. Cao [3] , R. Zhao, Y. Tian, 
A. Lei, F. Boadu, Z. Ren [4], A. C. Carlo [5], 
S. W. Yong, R. Suhaimi, S. Y. Chai [6] studied 
the positive impact of the public debt on the 
social-economic development of territories.

On the other hand, by increasing the 
internal public debt, the Russian regions 
increase  the  level  of  debt  burden on 
regional  budgets, which can lead the 
overwhelming majority  of  regions  to 
adverse consequences —  threats of loss 
of budgetary security. The negative effect 
of increasing public debt is considered 
in the works of  L. B. Mokhnatkina [7] , 
S .  S o l d a t k i n  [ 8 ] ,  A .  A fo n s o , J .  A l ve s 
[ 9 ] , U . P a n i zz a , A . F . P r e s b i t e r o  [ 1 0 ] , 
G. Gagarina, L. Chainikova, L. Arkhipova 
[11]. S. G. Cecchetti, M. S. Mohanty and 
F. Zampolli, who note that after reaching a 
certain level, public debt begins to negatively 
affect socio-economic development [12]. 
For a number of central regions of Russia, 
which have a fairly high budgetary provision, 
the growth of the internal public debt, on 
the contrary, contributes to a decrease in 
the rate of economic development due to 
an increase in the cost of maintaining the 
accumulated debt. Such regions are trying 
to reduce the debt burden on the budget and 
increase the level of budgetary independence 
and autonomy. Thus, it can be assumed that 
public debt has either a positive or a negative 
impact on certain groups of regions that 

differ in terms of GRP. This paper is devoted 
to the substantiation of this hypothesis.

Based on the importance and relevance of 
this problem, the main aim of this paper is 
to study and scenario forecast the dynamics 
of changes in the internal public debt of the 
regions of the Russian Federation and model 
its impact on GRP. To do this, the following 
objectives were set:

•  theoretical analysis of approaches to 
understanding the role of public debt in the 
economic development of territories;

•  study of the methodological foundations 
of scenario forecasting of the dynamics of 
public debt and modeling of its impact on the 
GRP of the Russian regions;

•  grouping of regions according to the 
identified trends in the dynamics of public 
debt;

•  ARIMA modelling the dynamics of the 
public debt of various groups of regions;

•  construction of regression models of the 
influence of the dynamics of public debt on 
GRP within the selected groups.

Re a c h i n g  t h e s e  o b j e c t i ve s  a l l o w s 
establishing the degree of influence of the 
public debt on the GRP of the regions of 
the Russian Federation of various groups 
and to formulate forecast scenarios for its 
change, considering the revealed dynamics of 
transformation of the domestic public debt.

THEORETICAl  
AND METHODOlOGICAl QUEsTIONs  

OF REsEARCH
N. N. Parasotskaya and N. D. Yakovlev noted 
the positive influence of public debt on 
socio-economic development [2]. In their 
study, they write about the expedient and 
reasonable use of government borrowing, 
since this allows budgetary maneuvers to 
be carried out, helps to contain the negative 
impact of shocks on the country’s economy, 
and can yield positive results for the economy 
as a whole.

S. Li, P. Cao investigate the impact of 
public debt on urbanization. Empirical 
s t u d i e s  s h ow  t h a t  t h e  d e bt  o f  l o c a l 
authorities contributes to an increase in the 
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rate of urbanization, the development of 
infrastructure [3].

Among the researchers who focus on the 
positive role of public debt in socio-economic 
development are I. V. Kisel’ [1], R. Zhao, 
Y. Tian, A. Lei, F. Boadu, Z. Ren [4], A. C. Carlo 
[5], S. W. Yong, R. Suhaimi, S. Y. Chai [6].

The negative impact of public debt on 
socio-economic development is presented 
in the study by L. B. Mokhnatkina. The 
attraction of sources of financing the budget 
deficit leads to the accumulation and growth 
of public debt, while the growth of public debt 
leads to an increase in the cost of servicing 
debt obligations. In conditions of austerity 
of budgetary funds, the accumulated public 
debt becomes a significant source of threat to 
regional economic security [7].

Foreign scientists U. Panizza, A. F. Presbitero 
investigate the impact of public debt on 
economic growth in a sample of OECD 
countries. The results are consistent with 
studies that found a negative correlation 
between debt and growth [10].

The negative role  of  public  debt  is 
considered in the works of scientists such as 
S. N. Soldatkin [8], A. Afonso and J. Alves [9], 
G. Gagarina, L. Chainikova, L. Arkhipova [11].

The authors single out another group 
of studies related to assessing the role of 
public debt. S. G. Cecchetti, M. S. Mohanty, 
F. Zampolli [12], A. A. Kumykov [13], S. Chen 
and W. Li [14] note both the positive and 
negative impact of the public debt on 
the socio-economic development of the 
territories. The research results obtained by 
S. Chen and W. Li, show that the excessive 
accumulation of latent public debt in the 
eastern region does not contribute to 
economic growth, while public debt in 
the central and western regions makes a 
significant contribution to local economic 
growth [14]. S. G. Cecchetti, M. S. Mohanty and 
F. Zampolli point out that after reaching a 
certain level, public debt begins to negatively 
affect socio-economic development [12]. 
The ambiguity in understanding the role of 
public debt in the economic development of 
territories has generated interest in this study.

In the scientific literature, there are 
several methodological approaches to 
assessing the role of public debt in the 
economic development of territories. A 
theoretical review of the works showed that 
to model the influence of the public debt 
of the regions of the Russian Federation 
on the indicators of their socio-economic 
development, the main of which is GRP, the 
methods of regression analysis are usually 
used: a least-squares method for spatial 
data and spatial regression modelling using 
panel data. For example, regression analysis 
was used in the work of K. V. Matvienko to 
identify the relationship between the volume 
of debt obligations of various types and the 
region’s GRP, as well as the volume of the 
revenue side of the consolidated budget of 
the region [15].

A. Afonso and J. Alves used panel data 
methods to analyze the impact of public debt 
on economic growth. One of the important 
advantages of using panel data estimation is 
that it emphasizes individual heterogeneity 
if there are some distinctive features in the 
cross-sections [9].

Spatial regression methods were applied in 
the works of R. Zhao, Y. Tian, A. Lei, F. Boadu, 
Z. Ren, who investigated the correlation 
between local government debt and regional 
economic growth in 30 provinces of China. 
Using a Moran’s scatter plot, a Local Indicator 
of Spatial Association (LISA) map, and a 
semi-parametric spatial model (SE-SDM), the 
authors demonstrated the impact of spatial 
agglomeration effect and local government 
debt on regional economic growth. Their 
semi-parametric spatial model characterizes 
the nonlinear relationship between local 
government debt and regional economic 
growth and allows one to estimate the size 
of local government debt, above which 
economic growth will be suppressed by 
crowding out private investment and cuts in 
public spending [4].

The methods of simulation modelling 
using regression analysis were applied by 
A. Yu. Zhigaev to build scenario forecasts of 
public debt for the medium term [16], S. Chen 
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and W. Li to study the correlation between 
local government debt, economic growth 
and other variables [14]. A multi-parameter 
dynamic model of Russia’s external debt was 
also developed by S. E. Tsvirko. This model 
contained a number of exogenous variables 
reflecting the domestic and foreign policy 
of the state and made it possible to describe 
the influence of various methods of settling 
external debt, known in world practice, on 
the size of the public debt [17].

These methods make it possible not only 
to establish the dependence of the economic 
development of territories on the dynamics 
of public debt but also to build various 
scenarios for predicting its changes in the 
future. However, to form more accurate 
regression models, it is necessary to use data 
reflecting the same trends in the dynamics 
of the public debt of the Russian regions. 
The use of data for grouped regions with 
multidirectional trends in the dynamics of 
public debt in regression analysis will make 
it possible to objectively assess its impact 
on the gross regional product of the Russian 
regions. A theoretical review of the work 
carried out using this toolkit showed that the 
constructed regression models for the entire 
set of regions did not allow us to identify the 
features of the influence of public debt on 
the level of their economic development. In 
such studies, it was found that the dynamics 
of the growth of the public debt of the 
territories had both a positive and a negative 
impact on the indicators of socio-economic 
development.

To construct predictive scenarios for 
changes in the dynamics of  economic 
development of regional systems using 
regression modeling, an important aspect 
is the construction of accurate forecasts of 
changes in the dynamics of the public debt 
of the Russian regions. An overview of works 
in this area showed that the most popular 
methods for predicting the dynamics of 
the public debt of territories are methods 
of extrapolation, moving averages and 
exponential smoothing. They were used, for 
example, in the work of A. Yu. Kolodyazhnaya 

for forecasting the public debt of  the 
Orenburg region [18], N. А. Tolstobrova, 
V. Postnikov, M. A. Kamenskikh to analyze 
changes in economic development indicators 
and study the dynamics of changes in public 
debt and Russia’s GDP, forecasting the 
external and internal public debt of Russia 
in absolute and relative terms [19]. These 
methods make it possible to form short-term 
forecasts based on the identified trends in 
the dynamics of changes in the indicator. If 
the dynamics of the studied indicator were 
nonlinear, had high volatility, then the 
forecasts generated using these methods 
were not reliable enough. The most accurate 
forecasting method, in this case, is first or 
second-order autoregressive modelling, for 
example, ARIMA modelling.

The ARIMA modelling method was used in 
the work of N. V. Kovtun, O. Ya. Dolinovskaya, 
V. Ignatyuk to develop three types of 
economic and statistical models for the 
formation of external public debt, namely:

•  autoregression models that consider 
seasonality and violations of a different order, 
which makes it possible to study in isolation 
the patterns of formation of the dynamics 
of external public debt on the principles of 
decomposition of a number of dynamics;

•  a mixed model  of  autoregression 
with the inclusion of seasonality, random 
processes and factor scaling, on the basis of 
which it is possible to study the patterns of 
the formation of the debt burden, considering 
not only its decomposition but also taking 
into account the factors of accumulation, 
lending and consumption;

•  a mixed autoregression model based 
on actual data on external public debt, 
consumption and accumulation, considering 
MA-, AR-processes and seasonality, which 
allows determining the dominant factors 
causing an increase in the debt burden [20].

F .  Z h u r a v k a ,  H .  F i l a t o v a  a n d 
J. O. Aiyedogbon studied theoretical and 
practical aspects of forecasting public debt 
in Ukraine. A visual analysis by the authors 
of the change in the size of public debt made 
it possible to draw a conclusion about the 
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deepening of the debt crisis in the country. 
Their methodological approach was based on 
an autoregressive integrated moving average 
(ARIMA) as the basic forecasting model [21].

This method of forecasting the dynamics 
of the public debt of territories, in contrast 
to the previous methods, is based on the 
results of regression modelling, considers 
the volatility of the dynamics of the analyzed 
indicator and can be used to make forecasts 
for the medium term. The advantage of 
ARIMA modelling is not only the formation 
of the most probable forecast, considering 
the established trends in the dynamics of the 
studied indicator, but also the corridor of its 
possible values, which is especially valuable 
for the formation of the most negative and 
positive scenarios.

The need to  consider  the specif ics 
of the regions from the point of view of 
the dynamics of changes in public debt 
for the formation of regression models 
substantiating its influence on the GRP of the 
Russian regions, as well as the development 
of predictive development scenarios of Its 
change, considering the current trends 
in the dynamics of public debt, required 
the development of a new methodological 
approach. Fig. 1 presents the algorithm for 
modelling and scenario forecasting of the 
GRP of the Russian regions, considering the 
dynamics of changes in their public debt.

At the initial stage of the study, using 
graphical methods of analysis, it is planned 
to assess the dynamics of changes in the total 
public debt of all Russian regions and their 
municipalities, as well as to identify regions 
with different dynamics of this indicator 
(with trends of growth and decrease in 
the debt burden on regional budgets). The 
grouping formed based on the results of the 
implementation of this stage of the study 
will make it possible in the future to assess 
the influence of the established trends in 
the change in the public debt of the Russian 
regions on the dynamics of the level of their 
GRP.

At the second stage of the study, using 
the methods of ARIMA modelling, it is 

planned to build three predictive scenarios 
for changes in the public debt of 85 Russian 
regions until 2022 within the selected groups 
of regional systems. The use of this method 
will allow us to consider the volatility of the 
dynamics of the indicator under study and 
build a more accurate scenario of the inertial 
forecast in comparison with the methods 
of extrapolation and moving averages. The 
advantage of using ARIMA modelling is the 
formation of a corridor of possible forecast 
values of the indicator, the extreme values of 
which will be used to build pessimistic and 
optimistic scenarios for forecasting changes 
in the public debt of the Russian regions.

The regression analysis carried out at 
the next stage using panel data for selected 
groups of regions with multidirectional 
dynamics of public debt will allow us to 
establish its influence on the main indicator 
of the socio-economic development of 
regions —  their gross regional product. 
Regression modelling, in this case, acts as 
a tool for substantiating the hypothesis 
put forward about the different impact 
of public debt on the GRP of different 
groups of regions, as well as a method 
for constructing predictive scenarios for 
changes in the GRP of the Russian regions, 
considering the dynamics of their public 
debt. This study involves the use of panel 
least squares regression analysis with the 
necessary preliminary analysis of stationarity, 
linearity of data distribution, construction 
of models with fixed and random effects, 
panel diagnostics to select the optimal 
model and check statistical significance 
of its parameters, as well as the Gauss-
Markov assumptions (autocorrelation of 
residuals, normality of their distribution, 
heteroscedasticity, etc.).

Formed regression models of the GRP 
dependence on the dynamics of the public 
debt of  the Russian regions and their 
municipalities for the indicated groups of 
regions, as well as predictive scenarios for 
its change at the final stage of the study 
are the basis for constructing an inertial 
scenario of GRP dynamics, which assumes 
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the preservation of both current trends 
in the future and an extremely optimistic 
and pessimistic scenarios. The predicted 
scenarios of changes in the public debt of the 
regions of the Russian Federation and the 
dynamics of their GRP will help to confirm or 
refute the hypothesis put forward.

REsEARCH REsUlTs
The data of the Ministry of Finance of Rus-
sia for the period from July 2005 to December 
2020 were used to study the dynamics of the 
public debt of the Russian regions and their 

municipalities.1 To cover the emerging bud-
get deficit and increase budgetary provision, 
the regions are forced to increase the level of 
their public debt by issuing and selling gov-
ernment debt securities, obtaining budget 
loans, loans from credit institutions, foreign 
banks and international financial organiza-
tions, issuing state guarantees of a region of 
the Russian Federation and other debt obli-
gations. The total public debt of all Russian 

1 The size and structure of the public debt of the Russian 
regions and municipalities. URL: https://minfin.gov.ru/ru/
perfomance/public_debt/subdbt/ (accessed on 01.11.2021).

2. ARIMA modelling of the dynamics  
of the public debt of the Russian 
regions within the framework of the 
selected groups: 

1. Analysis of the dynamics of changes  
in the public debt of regions: 

 Assessment of the dynamics of changes in public 
debt, characteristic of the entire set of regions  
in Russia. 

 Grouping of Russian regions according to established 
trends in the dynamics of public debt (growth and 
reduction of public debt, with an all-Russian trend) 

 

 Construction of autoregressive models  
of the first order (ARIMA) of changes  
in the dynamics of public debt for each 
region of Russia. 

 Checking the statistical significance  
of the model parameters. 

 Forecasting scenarios of the dynamics  
of the public debt of the Russian regions 
until 2022 (inertial, optimistic and 
pessimistic) 

5. Formation of forecast scenarios for the dynamics 
of GRP of the Russian regions within the 
framework of the selected groups, taking into 
account the formed forecasts of changes in their 
public debt (inertial — considering the identified 
trends, optimistic and pessimistic) 

 Data analysis for stationarity,  
the presence of a unit root. 

 Construction of regression models with 
fixed and random effects and their panel 
diagnostics (Breusch-Pagan, Hausman 
test) to select the optimal model. 

 Quality assessment of the constructed 
model. 

 Verification of the fulfillment of the 
Gauss-Markov assumptions 
(autocorrelation of residuals, normality  
of their distribution, heteroscedasticity) 

3. Regression modelling of the 
dependence of the GRP of the 
Russian regions on the dynamics of 
their public debt according to panel 
data for three groups of regions: 

4. Analysis of the results of regression modelling 
and assessment of the impact of the dynamics of 
the public debt of the Russian regions on the 
level of their GRP 

Fig. 1. Algorithm for modelling and scenario forecasting of the GRP of Russian regions taking into account 
the dynamics of changes in their public debt
Source: compiled by the authors.
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Fig. 2. Dynamics of the total public debt of Russian regions and their municipalities from 07.2005 to 12.2020, 
billion rubles
Source: compiled by the authors. URL: https://minfin.gov.ru/ru/perfomance/public_debt/subdbt/ (accessed on 01.11.2021).

Fig. 3. Dynamics of changes in the share of Moscow, the Moscow region and other regions in the total public 
debt of Russian regions, %
Source: compiled by the authors.

Fig. 4.  Dynamics of public debt in three groups of regions, billion rubles
Source: compiled by the authors.
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regions and their municipalities for the peri-
od under review increased by 7.2 times —from 
303 billion rubles in July 2005 to 2 186 billion 
rubles by the end of 2020 (Fig. 2).

If in 2005 35.3% of the total public debt 
accounted for Moscow and the Moscow 
region, by the end of 2020 the share of these 
regions in the structure of public debt fell 
to 10.6%. The rest of the regions have been 
actively increasing the level of public debt 
over the past 15 years (Fig. 3). At present, 
these regions concentrate about 89% of the 
total public debt of the Russian regions. 
The presented figure confirms the spatial 
heterogeneity of the distribution of public 
debt of regions and their municipalities 
established by our previous study [22].

Over the period from 2005 to 2020, the 
share of public debt in the structure of total 
public debt for all regions of the Russian 
Federation increased significantly in such 
regions as: Krasnodar Territory (up to 4.8%), 
Sverdlovsk Region (up to 4.4%), Republic 
of Tatarstan (up to 4.4%), St. Petersburg 
(up to 3.9%), Krasnoyarsk Territory (up to 
3.5%), Nizhny Novgorod Region (up to 2.9%), 
Udmurt Region (up to 2.5%), Khabarovsk 
Territory (up to 2.5%), Republic of Mordovia 
(up to 2.2%), Samara Region (up to 2.2%), 
Volgograd Region (up  to 2.2%), Saratov 
Region (up to 2.1%), Tomsk region (up to 
1.9%), etc.

The spatial transformation of the debt 
burden on regional budgets is also confirmed 

by the grouping of regions formed by us 
according to the characteristic trends in the 
dynamics of their public debt (Fig. 4).

The study identified three groups of 
regions with similar dynamics of changes in 
public debt over the period 2005–2020. In the 
first group of regions, to which we include 
Moscow and the Moscow region, there were 
tendencies of decreasing public debt. The 
most noticeable decrease in the debt burden 
on the budget was observed in Moscow. This 
trend is natural, since the region has a fairly 
high budgetary provision. In the Moscow 
region, despite the growth in public debt 
that began in mid-2017, the overall debt 
burden on the budget decreased (Fig. 5). 
The coverage ratio of the budgetary debt 
of the Moscow region, which characterizes 
the ratio of the public debt of a region of 
the Russian Federation to the volume of its 
own tax and non-tax revenues, had a similar 
dynamics decline as in Moscow. At the end 
of 2019, this indicator for the Moscow region 
decreased from 82.5% as of 2009 to 25.2%. To 
construct the three most probable scenarios 
for predicting changes in the dynamics of the 
public debt of the regions of the first group by 
2022, ARIMA modelling was used, the results 
of which are presented in Table and Fig. 6.

The statistical significance of the model 
parameters is evidenced by the P-values 
of the coefficients that are within the 
permissible values, the determination 
coefficients taking values close to one, as well 

Fig. 5. Dynamics of changes in the ratio of coverage of budgetary debt in Moscow and the Moscow region, %
Source: compiled by the authors.
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as the information criteria Akaike, Schwarz 
and Hannan-Quinn. To assess the reliability 
of the model, tests were carried out for the 
presence of autocorrelation up to the 12th 
order (Ljung-Box Q) and the normality of the 
distribution of residuals. The tests carried out 
have confirmed the statistical significance of 
the parameters of this model.

According to the generated ARIMA model, 
the inertial scenario shown in Fig. 6, suggests 

that the noted downward trend in the public 
debt of Moscow and the Moscow region will 
continue in the short term (to 214.1 billion 
rubles by 2022). A more positive scenario is 
also possible —  a decrease in the public debt 
of the regions to 106.3 billion rubles. Since 
the total public debt of the regions of the 
first group over the past three years has been 
growing, which is pronounced in the Moscow 
region, the scenario of a pessimistic forecast 

Table
Results of ARIMA modelling of the dynamics of the total public debt of Moscow and the Moscow region

Coefficient standard error z P-value

const 203 971 65 564.5 3.111 0.0019

phi_1 0.989241 0.00850885 116.3 0.0000

theta_1 0.0915908 0.00653365 4.402 0.0161

Real unit Imaginary unit Module Frequency

AR —  Root 1 1.0109 0.0000 1.0109 0.0000

MA —  Root 1 –10.9181 0.0000 10.9181 0.5000

R-squared 0.983361 Norm. R-squared 0.983270

Akaike criterion 4017.428 Schwarz criterion 4030.309

Hannan-Quinn criterion 4022.648

Source: compiled by the authors.
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Fig. 6. Scenarios of the dynamics of the total public debt of Moscow and the Moscow region until 2022, billion 
rubles
Source: compiled by the authors.
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is possible —  an increase in the total public 
debt of regions to 362.2 billion rubles. This 
is an extremely negative scenario of a change 
in the debt burden on the regional budget, 
formed as a result of ARIMA modelling with a 
95% confidence level.

If in Moscow and the Moscow region 
the level of debt burden on the budget’s 
own tax and non-tax revenues has been 
decreasing since 2009, in other regions of 
Russia it increased until 2016 (Fig. 5). The 
debt burden on the budget of these regions 
began to decline only in 2017. A similar trend 
was observed in the dynamics of changes in 
the public debt of all regions of the second 
group, to which we include the Belgorod, 
Bryansk, Voronezh, Ivanovo, Kostroma, 
Kursk, Lipetsk, Ryazan, Tver, Arkhangelsk, 
Volgograd, Leningrad, Murmansk, Astrakhan, 
Volgograd, Rostov, Samara, Orenburg, 
Chelyabinsk, Amur, Magadan, Kemerovo 
and Sakhalin regions, the Republic of 
Karelia, Komi, Dagestan, Bashkortostan, 
Chuvashia, Kabardino-Balkaria, Altai, as 
well as Krasnodar, Stavropol, Krasnoyarsk, 
Altai, Kamchatka, Primorsky Krai, Khanty-
Mansi Autonomous Okrug, Yamalo-Nenets 
Autonomous Okrug, Nenets and Chukotka 
Autonomous Okrugs (Fig. 3). These regions 
are characterized by an all-Russian tendency 
to change the dynamics of public debt. As 
a result of using the ARIMA modelling tool, 
three forecast scenarios of changes in the 
total public debt of the regions of the second 
group until 2022 were built (Fig. 7).

The inertial scenario, formed with a 
reliability of 95%, predicts a continuation of 
the trend towards a decrease in the size of 
public debt in all regions of the second group. 
The total debt of the region, according to this 
forecast, may decrease by 2022 from 833.8 to 
763.5 billion rubles. Two extremely opposite 
scenarios (optimistic and pessimistic), which, 
as the model showed, are quite realistic, 
allow reducing the public debt of the regions 
to the level of 2010 (to 385.1 billion rubles) 
and its growth to the level of 2016 (to 1 161 
billion rubles) in the event of a deterioration 
in the budgetary provision of these regions.

In the regions of the third group, to which 
we include St. Petersburg, the Republic of 
Tatarstan, Sakha, Ingushetia, Karachay-
Cherkessia, North Ossetia, Chechnya, Mari 
El, Mordovia, Udmurtia, Tuva, Khakassia, 
Buryatia, Adygea, Kalmykia, Crimea, Perm, 
Transbaikal, Khabarovsk Territories, Kurgan, 
Sverdlovsk, Novosibirsk, Omsk, Tomsk 
Regions and other regions throughout the 
entire period under review, there was a steady 
growth trend in public debt (Fig. 4). This 
group, in addition to subsidized regions with 
low budgetary security, also includes actively 
developing regions that attract budget and 
bank loans, investments in debt securities 
to solve the most important problems of 
socio-economic development and implement 
strategic projects and programs. The use of 
ARIMA modelling made it possible to identify 
three possible scenarios for further changes 
in the dynamics of their public debt (Fig. 8). 

Fig. 7. Scenarios of the dynamics of the aggregate public debt of the regions of the second group until 2022, 
billion rubles
Source: compiled by the authors.
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Since over the entire study period the size of 
the public debt of the regions of this group 
did not practically decrease, the most likely 
scenario, considering the noted rates of its 
change, is an increase in the total public debt 
of the regions of Russia of the third group for 
1 416.9 billion rubles.

A more significant increase in their public 
debt is also possible —  up to 1 816.8 billion 
rubles, since this group includes subsidized 
regions. Even an optimistic forecast, as shown 
by ARIMA modelling, allows maintaining 
the high level of public debt achieved by the 
regions (1 017.7 billion rubles) until 2022.

To assess the impact of the dynamics of 
public debt on the key indicator of socio-
economic development —  the GRP of the 
three indicated groups of regions and 
to further build predictive scenarios for 
changing its dynamics until 2022, regression 
modelling using panel data was used. The 
gross regional product was considered 
as a dependent variable, and the volume 
of public debt of the Russian regions and 
their municipalities was considered as the 
factor under study. When constructing a 
model for the first group of regions with 
a decreasing debt burden on the budget, 
which is formed by Moscow and the Moscow 
region, 30 observations were used (annual 
statistics of the Ministry of Finance of the 
Russian Federation on the size of public 
debt of the Russian regions for the period 
2005–2019). For the second group of regions 
with a characteristic tendency towards a 

decrease in the debt burden on the budget, 
585 observations have been used since 
2017, for the third group of regions with a 
steady increase in public debt throughout 
the entire period under consideration —  
615 observations.

Before the formation of regression models 
for the three types of regional systems, the 
data were analyzed for stationarity using the 
Dickey-Fuller test, for the presence of unit 
roots in the panel using the Chow test. The 
choice between models with fixed or random 
effects was carried out using the Hausman 
and Breusch-Pagan tests, the test for the 
statistical significance of the regression 
coefficients (including the Wald test), and the 
analysis of information criteria of Schwarz, 
Akaike, and Hannan-Quinn, a Durbin-Watson 
residual autocorrelation test, a Jarque-Bera 
test to evaluate the normal distribution of 
residuals. The Hausman and Breusch-Pagan 
test showed that the most accurate and 
adequate model for all groups of regions is 
the model with fixed effects.

The constructed regression models made 
it possible to confirm the hypothesis that 
public debt negatively affects the dynamics 
of the GRP of Moscow and the Moscow 
region and has a positive effect on the 
dynamics of the GRP of the regions of the 
second and third groups. The economic 
development of the first group of regions 
of the Russian Federation (Moscow and the 
Moscow region) is negatively affected by 
the processes of increasing public debt, the 
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Fig. 8. Scenarios of the dynamics of the aggregate public debt of the regions of the third group until 2022, 
billion rubles
Source: compiled by the authors.
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relationship between these variables in the 
regression model is inverse. Thus, according 
to the constructed model, the growth of the 
national debt of these regions by 1 million 
rubles leads to a decrease in their GRP by 
19.7 million rubles (Appendix).

In  the  second and  th i rd  groups  of 
regions, an inverse relationship is observed: 
an increase in the public  debt  of  the 
Russian regions leads to an increase in 
their gross regional product. At the same 
time, the regions of the third group are 
most dependent on budget and bank loans, 
attracted investments in debt securities of 
financial institutions, with a stable trend of 
growth in public debt throughout the entire 
period under review.

An increase in the public debt of the 
Russian regions of this group by 1 million 
rubles , according  to  the  constructed 
model, leads to an increase in their GRP 
by 15.7 million rubles, and in the regions 
of the second group by 13.4 million rubles. 
Regress ion model l ing  has  shown the 
importance of attracting additional financial 
resources for the growth of the key indicator 
of the socio-economic development of 
regions (GRP) of the second and third groups. 
Due to insufficient budgetary provision, 
these regions are forced to increase public 
debt. Implement the optimistic scenario in 
the dynamics of the GRP of the regions of the 
second group, i. e. growth of this indicator 
from 38,557 to 42,929 billion rubles. (Fig. 9) 

Fig. 9. Basic forecast scenarios for the development of the dynamics of the GRP of the regions of the second 
and third groups until 2022, billion rubles
Source: compiled by the authors.

Fig. 10. Basic forecast scenarios for the development  
of the dynamics of the GRP of the regions of the first group (Moscow and the Moscow region) until 2022, 
billion rubles
Source: compiled by the authors.
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it is necessary to attract additional financial 
resources —  the implementation of the 
pessimistic scenario (Fig. 7) in the dynamics 
of the public debt of these regions, its growth 
by 327.2 billion rubles.

To implement the optimistic scenario of 
changes in the dynamics of GRP (its growth 
from 30,843 to 42,682 billion rubles), it will 
be necessary to attract additional resources 
from the public debt in the amount of 
741 billion rubles (implementation of the 
pessimistic scenario of changes in the 
dynamics of the public debt of the regions, 
shown in Fig. 8). A decrease in the level of 
public debt of the regions of Russia included 
in these groups will lead, according to the 
constructed regression model, to a decrease 
in the GRP of regions to the level of 2017 in 
the second group and to a decrease in the 
GRP of regions to the level of 2017, to the 
level of 2019 in the third (Fig. 9).

The inertial scenario of changes in the 
dynamics of the GRP of the regions of the 
second group (its moderate decrease) is 
possible in the presence of the previously 
noted (Fig. 7) trend of decreasing the public 
debt of the Russian regions i. e. inertial 
scenario of changes in its dynamics. Thus, 
the constructed model and scenarios confirm 
the positive impact of public debt on the 
dynamics of the GRP of the regions of the 
Russian Federation of the second and third 
groups. More prosperous regions (Moscow 
and the Moscow region), on the contrary, 
are forced to reduce the debt burden on 
the budget. An optimistic scenario of the 
dynamics of the GRP of the central regions is 
possible only if a similar scenario of changes 
in their public debt is realized. A decrease 
in the public debt of these regions of Russia 
has a positive effect on the dynamics of their 
GRP (Fig. 10). To implement the optimistic 
forecast for the development of the dynamics 
of the GRP of Moscow and the Moscow region, 
it is necessary to reduce the total size of their 
public debt by 91.7 billion rubles. Reducing 
the debt burden on the budgets of these 
regions will increase their GRP from 24,801 
to 26,609 billion rubles.

Maintaining the current rate of decrease 
in the public debt of the regions will only 
slightly increase the volume of GRP. The 
constructed regression model and scenarios 
for this  group of  regions indicate the 
negative impact of the dynamics of public 
debt on their GRP. Thus, as a result of the 
study, it was confirmed that the public debt 
has a negative impact on the dynamics of 
the GRP of Moscow and the Moscow region 
and a positive effect on the dynamics of 
the GRP of the regions of the second and 
third groups, the importance of attracting 
investments  in debt  securit ies  of  the 
Russian regions, as well  as additional 
bank and budget loans, i. e. building up 
public debt for the economic development 
of regions that do not have high budget 
security.

CONClUsIONs
A theoretical analysis of works in this area 
has shown that public debt has a different 
effect on the key indicator of the socio-
economic development of territories —  the 
gross regional product. Panel regression 
analysis and ARIMA modelling were used 
to assess the impact of the public debt of 
the Russian regions on GRP. The developed 
methodological approach involves analyzing 
the dynamics of changes in the public debt 
of regions, grouping them according to the 
established trends in the dynamics of this 
indicator, building autoregressive ARIMA 
models and the most probable scenarios 
for predicting changes in the dynamics of 
public debt for each region of Russia until 
2022 (inertial, optimistic and pessimistic), 
regression modeling of the dependence of the 
GRP of the Russian regions on the dynamics 
of their public debt according to panel data 
for three groups of regions and the design 
of corresponding scenarios for predicting 
changes in their GRP.

This approach allows us identifying the 
types of regions with different trends in the 
dynamics of changes in public debt: regions 
with a decrease in the debt burden on the 
budget, with a trend towards a decrease in the 
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debt burden of the Russian Federation on the 
budget since 2017 and regions with a steady 
growth in public debt throughout the period 
under consideration. ARIMA modelling of the 
dynamics of the public debt of these groups 
of regions, panel regression analysis of the 
impact of the dynamics of public debt on 
GRP within the selected groups, predicted 

scenarios of changes in the public debt of 
regions and the dynamics of their GRP until 
2022 helped to substantiate the hypothesis 
that the public debt negatively affects the 
dynamics of the GRP of Moscow and the 
Moscow region and has a positive effect on 
the GRP of the regions of the second and 
third groups.
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Appendix
Results of regression modelling of the dependence of the GRP of the Russian regions on the dynamics 

of their public debt for three groups of regions

Model 1 —  for the first group of regions —  Moscow, Moscow region (with a downward trend in public debt since 2010)

Coefficient St. error t- statistic P-value

const 9231710000 1307040000 7.063 1.36e-07 ***

X –19.72 9.581 –2.058 0.049 **

LSDV R-squared 0.675 Within R-squared 0.136

LSDV F(2, 27) 28.148 Р-value (F) 2.48e-07 ***

Schwarz criterion 1406.46 Akaike criterion 1402.256

rho-parameter 0.87 Hannan-Quinn criterion 1403.601

Wald test for heteroscedasticity (null hypothesis —  
observations have total error variance):

Test statistic:  
Chi-square (2) = 38.684

3.97951e-009 ***

Wooldridge test for assessing autocorrelation:
Test statistic:

F (1, 1) = 4394.63
0.0096 ***

Null hypothesis —  normal distribution: Chi-square (2) = 3.048 0.021 ***

Model 2 —  for the second group of regions (with a downward trend in public debt of the Russian regions since 2017)

Coefficient St. error t- statistic P-value

const 334826000 15524500 21.57 4.70e-075 ***

X 13.364 18.84 0.709 2.46e-061 ***

LSDV R-squared 0.819 Within R-squared 0.394

LSDV F (39, 545) 63.604 Р-value (F) 2.8e-176 ***

Schwarz criterion 24557.87 Akaike criterion 24383

rho-parameter 0.991 Hannan-Quinn criterion 24451.15

Breusch-Pagan test statistic: LM = 2266.56 0.0 ***

Hausman test statistic: H = 0.259 0.61

Wald test for heteroscedasticity (null hypothesis —  
observations have total error variance):

Chi-square (39) = 2.09359e + 006 0.0 ***

Wooldridge test for assessing autocorrelation:
Test statistic:

F (1, 38) = 222.483
1.81e-017 ***

Null hypothesis —  normal distribution: Chi-square (2) = 299.67 0.0 ***
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Model 3 —  for the third group of regions (with a growth trend in public debt of the Russian regions from 2005 to 2020)

Coefficient St. error t- statistic P-value

const 185084000 14647900 12.64 1,85e-032 ***

X 15.749 0.780 20.17 8,72e-069 ***

LSDV R-squared 0.829 Within R-squared 0.415

LSDV F (41, 573) 68.199 Р-value (F) 3.0e-192 ***

Schwarz criterion 25708.87 Akaike criterion 25523.16

rho-parameter 0.933 Hannan-Quinn criterion 25595.37

Breusch-Pagan test statistic: LM = 2288.02 0.0 ***

Hausman test statistic: H = 0.685 0.407

Wald test for heteroscedasticity (null hypothesis —  
observations have total error variance):

Test statistic:  
Chi-square (41) = 2.3304e+007

0.0 ***

Wooldridge test for assessing autocorrelation:
Test statistic:

F (1, 40) = 2477.48
1.32859e-037 ***

Null hypothesis —  normal distribution: Chi-square (2) = 1890.4 0.0 ***

Source: compiled by the authors.

Note: ***, ** Statistical significance at the 1% and 5% level, respectively.
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