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Abstract: The study is aimed at determining the oscillators of crisis manifestations when the Russian
economy tries to make transition to the path for accelerating technological development and forming
an innovative economy. Short-term cycles were determined in the development of the Russian
economy from 1995 to the first half of 2020 through the Fourier spectral analysis. Using the Granger
test, causal relationships between the leading indicators of the economic crisis and the real GDP index
in Russia were identified and substantiated. They reflect the influence of the key rate dynamics on
the volume of lending, savings, investments, the yield on securities and the exchange rate; volumes
of bank loans per the share of non-performing and bad loans and innovative development of the
economy. Based on the constructed neural models of the oscillator influence on the level of real GDP
in Russia, it was determined that the rapid growth of bank and mortgage lending, the devaluation of
the ruble, a decreased volume of gross foreign investment and the level of innovative development
predetermine crisis manifestations in the national economy. The lags of the influence of changes in
the leading indicators of the economic crisis on the development of the economy were calculated.
The results obtained can contribute to the effectiveness of the anti-crisis regulation strategy in Russia.
They can serve as a basis for increasing the efficiency of long-term innovative development and
creating appropriate conditions for increasing the scientific and technological potential of the country.
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1. Introduction

In the current situation, the fact of the cyclical development of national economies, conditioned
by the continuous innovation and investment activities, seems to be indisputable [1,2]. In connection
with the emergence of e-commerce, which contributed to the increased number of transactions and the
speculative growth of the economy, the frequency of crises is rising almost exponentially [3]. Significant
negative changes or deceleration in the development of parameters of economic and social dynamics
are considered the signs of the crisis [4,5]. The economic losses caused by crises have serious social,
political and economic consequences. This is especially fraught with consequences for emerging market
countries characterized by low and middle incomes, unstable labor markets and weak social welfare
systems [2,6]. For example, during the Great Depression, almost a hundred years ago, only developed
countries lost 16% of their national product and the total global GDP fell by about 10% [7]. During the
financial crisis of 2007–2009, GDP declined by 4.3% and the unemployment rate approached 10% [8].
The International Monetary Fund (IMF) considers any growth rate below 2.5% to be a global recession
because, in 90 percent of the time, global growth exceeds that rate [9]. According to the forecasts of
leading experts, the COVID-19 pandemic will deprive the world economy of $5.5 trillion in the next
two years. World trade will decline by 13–32% in 2020 [10]. Since the COVID-19 pandemic disrupts
normal economic activities and life around the world, even with an unprecedented level of monetary
and fiscal stimulus, the level of the global GDP is unlikely to return to its pre-crisis trend until at least
2022 [11,12]. The Russian economy was not immune to this either. Over the next few years starting
with 2020, GDP growth is expected to average about 1.5 percent [13], which is low, considering Russia’s
level of economic development lowering by almost 3% annually over the past three years [14].

However, Russia’s economic slowdown is not new. It became apparent in 2013 when energy
prices were at an all-time high. In the short run, the double shock of steep drop in oil prices and
economic sanctions sent Russia into a severe recession [15]. Since 2020, the Russian economy has been
heading toward recession under the influence of a whole system of destructive factors. Under the
baseline scenario, Russia’s GDP is projected to contract by 6% in 2020 and to become the largest decline
within the last eleven years [16].

A succession of economic crises in recent decades and the threat of a recession in the global
economy as a result of the COVID-19 pandemic spread has led the global and Russian academic circles
to an acute urgency to improve the diagnostic tools for fluctuations in the economic trajectory [17].
Under these circumstances, many scholars focus on the early warning indicators for crisis manifestations
(oscillators), which allow signaling alarming signs before the start of an exacerbation in the economic
development disproportions [2,6]. Leading indicators and composite leading indexes become more
significant in the context of the economic crisis. If the economic policy measures do not correspond
to the real situation, the cyclical recession can significantly increase. Therefore, the recovery of the
economy can be delayed. In terms of the current global crisis, composite leading indexes turned out to
be effective tools for forecasting the phases of the economic cycle [2,6]. Thus, this tool is in demand and
its role in economic decision-making has increased significantly. Monitoring and market centers began
to appear around the world [10,13,16–18]. Their key task is to conduct short-term macroeconomic
forecasts in order to remove uncertainty and to develop benchmarks for business and government and
to determine a system of leading indicators of the economic crisis.

Currently, the process of forming complex systems for monitoring the financial market and
early detection of crisis phenomena is just beginning. But it should be noted that as a result of
the 1997–1999 Asian financial crisis and its chain reaction of spreading crisis phenomena to the
economies of other countries, most economists singled out primarily the financial market indicators as
an early warning system [2,4,19–23]. As a rule, these are the level of international reserves [2,21,23],
quotation of securities [20], national currency devaluation [21], the state budget balance [19], the level
of public debt [19] and so forth. The main problem of this methodology is to delimit and justify the
boundaries and conditions that determine the critical value of the oscillators. Most publications were
devoted to the definition of indicators and critical values for advanced economies [4,22] or Asian



J. Open Innov. Technol. Mark. Complex. 2020, 6, 171 3 of 21

countries [23,24]; the greater part of which are characterized by the vulnerability of the financial
and corporate sectors [23,24], low level of international reserves and liquidity [23], low international
positions of countries [24] and so forth. Such differentiation of countries significantly complicates
the development of a unified and universal system of early warning indicators for all types of crises
and countries with different levels of economic development. In addition, the composition of “active”
factors, which actually predetermine the growth of production, changes depending on the level of the
country’s economic development.

The dependence on natural resources is an essential feature of the Russian economy [25,26],
which operates in the conditions of severe international economic sanctions [27] and a steady decline
in production [14]. These factors, in turn, provoked a new non-cyclical premature crisis in the economy
since 2013 [28]. The trajectory of the 2013–2016 Russian crisis differs from the world dynamics,
including the economies of the USA and the EU countries, which in current conditions are in the initial
period of the recovery phase [28]. Many scholars explain this peculiarity of crisis manifestation by the
fact that it was caused by the unfinished wave of the transformational crisis of the Russian economy in
the 1990s [28]. Consequently, today Russia’s sectoral and innovation-technical potential is characterized
by an insufficient level of development, which exerts a negative impact on the economy. This, in turn,
determines its dependence on the level of oil prices, international sanctions and global shocks [25–27].
These aspects should also be taken into account in the early diagnosis of crises. It should also be noted
that Russia as a country with an emerging market is also prone to cyclical-wave economic development
due to the low level of innovation susceptibility of economic agents [29]. And given that the country’s
industrial development potential continues to decline, the imperfection of the process of technological
modernization and the lack of a developed system of open innovation [29] should be considered as
basic elements of strategic risks and should also be accounted for in the early warning systems for
crisis manifestations in the economy. Economic crises in Russia most negatively affect the Russian
economy, the welfare of the population and the social sphere; therefore, the timely identification of
crisis signs will serve as a basis for an effective anti-crisis policy of the state. That is why, within the
framework of this study, the level and features of the Russian economy development were taken into
account when determining the early warning indicators of crisis manifestations. The key tasks of
the scientific research: to determine the nature of the dynamics in the development of the Russian
economy using spectral analysis and to substantiate the system of significant indicators according to
the Granger causality test with a probability of at least 5%, the change in which most significantly
affects the country’s GDP were the key tasks of this scientific research.

2. Literature Review

Currently, the works within the framework of the theory of the real business cycle are based on
the concept of the dynamic stochastic general equilibrium and represent market-clearing trajectories
of economic development [30,31]. The general balance in the modeled economy is achieved by
means of the adequate response of the representative economic agents to the prevailing conditions,
taking into account all their possible expectations [30]. Thus, the general equilibrium in real-cycle
models is stochastic and the actual dynamics of the economic development is determined by casual
shocks. In other words, according to neoclassicists, the cycle is the result of casual shocks. They are
unpredictable by definition. It means that a crisis cannot be predicted with a certain chain of events [32].
The foundation for the development of the Theory of Real Business Cycles is given in Reference [33].
It has neoclassical basis, which has prevailed in the Western economy up to the present time. The first
work on the Theory of Real Business Cycles was published by Kydland and E. Prescott [34]. Their theory
was recognized by the international scientific community after they had received the Nobel Prize in
economics in 2004 [35]. The main idea of the approach to the analysis of economic cycles presented in
Reference [35] is that if the trajectories are equilibrium, the changes in the basic macro indicators are
stochastic. Thus, abandoning the idea of the predecessors that the cycle is consistent deviations from a
certain trajectory, they began to study not the macroeconomic series but their dispersion.
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At the beginning of the 20th century a new concept was developed, namely, the Credit and
Monetary Theory of Cycles, which explained crises as a breakdown of monetary turnover. This concept
is the most fully presented in Reference [36]. It was proved that the crisis is caused by credit and
monetary factors and credit and the monetary policy of banks is significant. Hawtrey [36] accuses
banks of limiting credits that consecutively leads to business activity reduction and causes economic
crises. It should be noted that a number of scientists supports the idea of the primacy of the financial
crisis as an economic crisis factor. The studies conducted in the period from 1973 to 1997 have shown
that in 70% of cases the banking or currency crisis was followed by an economic crisis. If a currency and
banking crisis happen simultaneously (twin crisis), then the economic crisis will be apparent. This fact
is supported by the research conducted by Roberto Cardarelli, Selim Elekdag and Subir Lall—in 58 of
113 financial crisis episodes that occurred from 1980 to 2007, there was a subsequent slowdown in
economic growth or a recession [6].

According to scientific literature, economic crises are almost always preceded by periods of
economic fluctuations [37]. In this regard, in the 21st century, a scientific search for the “pre-crisis”
diagnostics of the state of the economy becomes relevant for possible mitigation of the imbalance in
economic processes and its consequences for the socio-economic system. The majority of scholars use
predominantly the econometric approach and the nonparametric estimation method when developing
a system of oscillators. The econometric approach consists in the development of regression models
in which certain indicators of crisis phenomena act as independent variables and indicators of crisis
manifestations (its probabilistic estimates) act as dependent variables [38]. The second approach is
based on the use of a “signal,” which makes it possible to determine the most significant financial
market indicators that can actually signal the onset of financial distress using a certain system of these
indicators [2,39]. In the future, the identified crisis indicators are analyzed for deviations from their
determined critical values [2] and, expert estimates are employed to determine the probability of a
crisis. That is, when identifying crisis indicators by the “signal” method, we can say that an individual
approach is used since each prognostic variable is analyzed. The advantages of the econometric
approach include the assessment of the cumulative impact of all the analyzed indicators and the ability
to predict the likelihood of a crisis in the future [38].

Constructing an integral indicator that enables to predict periods of financial instability is one of
the most urgent tasks of researching financial crises. The emergence of this task was actively promoted
by the global financial crisis of 2008, which provoked the emergence of a large number of integral
“crisis” indicators. Currently, the process of forming complex systems for monitoring the financial
market and early warning of crisis phenomena gets started, the first approaches to the formation of
such systems have been implemented by some international financial organizations: the IMF [40],
the World Bank [13], IOSCO (International Association of Securities Commissions) [18], the Bank for
International Settlements (BIS) [41], the Financial Stability Board (FSB) under the G20 [42].

Russia also has some experience in developing a system of early warning indicators for crises in
the economic system: there is the Center for Macroeconomic Analysis and Short-Term Forecasting
that monthly compiles a summary on composite leading indicators [43]; Analytical Credit Rating
Agency (ACRA) that publishes the Financial Stress Index for Russia on a daily basis and others [44].
In addition, several individual studies are dealing with attempts to construct diagnostic indicators for
integrated assessment models [21,25,28,45].

To assess Russia’s financial stability in 2001–2011, a system of four financial indicators was proposed
enabling prediction of the values of financial stability indices for a period of six months and a year [46].

It should be noted that the above methodological approaches to the crisis early warning were
mainly based on the financial market indicators as precursors to the economic imbalance and they
were assessed by determining the quantitative values of their critical levels [2,4,19–23]. However,
as already noted in the study, countries differ in the level of economic development; this difference
determines the differentiation of active indicators of the economy at different stages of its development
and the typical historical and current peculiarities of its operation. These factors necessitate the use of
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a predominantly individual approach within the framework of the early warning methodology and
provide a clear understanding that financial conditions during the crisis have become tougher and
unprecedented and exceptional policies are required to support their economies. Therefore, this study
intends to take into consideration these responsibilities, as well as the fact that nowadays innovation is
one of the most significant indicators of crisis manifestations and a fundamental factor in overcoming
the economic crisis, especially in the countries with emerging markets.

However, it should be noted that concerning the current economic development, the possibilities
of the previous model of development and the manifestation of an imbalance in the economy, which is
usually based on a rapid increase in domestic demand, have been largely exhausted [47,48]. In this
context, referring to the concept of “creative destruction” [49,50], competition is rather a force that
destroys the existing market conditions than a tool for establishing market equilibrium. Since innovation
becomes the main driving element of the current economic set-up and the main source of income
generation, it forms a new pattern of the national economy. The new model of the economy requires
more intensive use of all resources, structural modernization of the economy and ensures innovative
development. At the same time, both the goals of socio-economic development and its conditions
look completely different from what they looked after the previous crisis [47,49,51,52]. The crisis in
the economy of any country is aggravated by the innovation crisis, which manifests itself in a sharp
decrease in the controllability of the processes of creating and introducing innovations, in the absence of
funding sources and the curtailment of the activities of research creative teams. Consequently, in these
conditions, an economic crisis should be considered as an element for adjusting the financial and labor
markets to technological and other amendments. Regarding this, the search for possible solutions to
the problems of managing innovation processes becomes one of the most essential tasks of anti-crisis
management, and, therefore, indicators of the country’s innovative development should constitute an
indicative system of crisis manifestations along with traditional oscillators of the monetary market [51].

3. Data

Since any crisis impacts economic development, the index of real GDP growth (indicator Y) was
used as an indicator for the assessment of the cyclical development of the Russian economy and for the
identification of structural changes in it. Indicator Y is calculated as chained-dollar real GDP growth
rates. The practicability of using this parameter as an indicator of economic development is confirmed
by many publications, including [53–55]. The authors considered the time from 1995 to the first half of
2020 to calculate the real GDP growth indices. The use of the real GDP index indicator is determined
by the following facts:

1. GDP is the main indicator that characterizes the level of economic development of a country
2. Real GDP allows us to exclude the price factor from time series
3. GDP in US dollars characterizes the country’s competitiveness in world space and allows us to

take into account the influence of the currency factor on the economic development
4. Index value can be applied for modeling, as it provides the comparability of indicators that have

different units of measurement and categorial system. As a result, the statistical significance of
the models is provided

An analysis of the dynamics of the real GDP growth (Figure 1) indicates the extreme values,
which may result in a violation of the normal data distribution law that is a prerequisite for using most
methods. Therefore, to check the data for a normal distribution is the primary task of economic crisis
modeling and the factors that determine it.
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Figure 1. Dynamics of the Russian real GDP growth for the period from 1995 to the first half of 2020 
[14]. Note: —extreme values that were excluded from the sample to ensure the normal 
distribution law, —recession points at which the real GDP growth index is below 1.0. 

The growth and decline of the indicator in the 1st quarter during the following years: 1996, 
1997, 1999, 2000, 2001, 2009, 2010, 2012, 2019 were possible and the most significant extreme values 
in terms of deviation from the average real GDP index for the period under study. The deviation of 
the real GDP index from the average for the period from 1995 to the first half of 2020 was 398.8% for 
Q1 2009; with 153.2% for Q1 1996; 134.2% for Q1 1997; 123.8% for Q1 2012, 89.4% for Q1 2001 and 
67.3% for Q1 2000. In Q1 1999, 2010, 2019, the value of the real GDP index was at a level lower than 
the average index for the period from 1995 to the first half of 2020. In modulus, the deviation value 
amounted to 88.7% (Q1 2010), 81.3% (Q1 1999), 63.4% (Q1 2019). 

Initial verification of the data by the Kolmogorov-Smirnov and Shapiro-Wilk tests in Statistica 
10.0 program showed that the normal distribution law is refuted with a probability of p < 0.01 
(according to the Kolmogorov-Smirnov test) and of p = 0.00000 (according to the Shapiro-Wilk test). 
To bring the data to the normal distribution law, extreme values were gradually eliminated (in 
proportion to the decrease in the real GDP index deviation for the appropriate quarter from the 
average value from 1995 to the first half of 2020). The elimination of extreme values continued until 
the real GDP index variable was brought to the normal distribution law. This method of bringing 
data to the normal distribution law is confirmed by research [56,57]. As a result, the following 
points shown in Figure 1 were excluded: Q1 2009, Q1 1996, Q1 1997 and Q1 2012. 

Therefore, the normal law of distribution of the growth index of real GDP was ensured. The 
indicated data set, despite the exclusion of certain values, allows us to estimate the development of 
the economic crisis, since all the minimum values of the real GDP growth index for the studied 
period were used in the present work. According to the index dynamics (Figure 1) the recession in 
the economy was observed in the following periods: Q4 1996; Q4 1997; Q1, Q3 and Q4 1998; Q1 and 
Q4 1999; Q4 2000; Q4 2001; Q1 and Q4 2002; Q1 2004; Q1 2005; Q1 and Q4 2008; Q1 2010; Q1 and Q4 
2011; Q1 and Q4 2014; Q1 and Q3 2015; Q1 2017; Q1 2018; Q1 2019 and Q1 2020 when the index 
value was below 1.0. 

To check the data for structural shifts was the next stage of the research. Structural shifts 
contribute to the necessity to divide time series of indicators into segments in order to ensure the 
stationarity of the data. The absence of structural shifts eliminates this need. From economic point 
of view, the identification of structural changes simplifies the determination of the factors that 
caused it, basing on a more significant influence. The presence of structural shifts was verified by 
the Chow test. This test involves the development of linear regression models for supposedly 
heterogeneous subsamples of the indicators and verification of the statistical significance of the 
differences in the model residuals for these subsamples using F-statistics. The growth of the real 
GDP index in Q1 2009 was the most significant extreme value. This date was taken as the point of 
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Note:

J. Open Innov. Technol. Mark. Complex. 2020, 6, x FOR PEER REVIEW 6 of 21 

Q1 1996

Q1 1997

Q1 2009

Q1 2012

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Q
2 

19
95

Q
1 

19
96

Q
4 

19
96

Q
3 

19
97

Q
2 

19
98

Q
1 

19
99

Q
4 

19
99

Q
3 

20
00

Q
2 

20
01

Q
1 

20
02

Q
4 

20
02

Q
3 

20
03

Q
2 

20
04

Q
1 

20
05

Q
4 

20
05

Q
3 

20
06

Q
2 

20
07

Q
1 

20
08

Q
4 

20
08

Q
3 

20
09

Q
2 

20
10

Q
1 

20
11

Q
4 

20
11

Q
3 

20
12

Q
2 

20
13

Q
1 

20
14

Q
4 

20
14

Q
3 

20
15

Q
2 

20
16

Q
1 

20
17

Q
4 

20
17

Q
3 

20
18

Q
2 

20
19

Q
1 

20
20

R
ea

l G
D

P 
gr

ow
th

va
lu

e

 
Figure 1. Dynamics of the Russian real GDP growth for the period from 1995 to the first half of 2020 
[14]. Note: —extreme values that were excluded from the sample to ensure the normal 
distribution law, —recession points at which the real GDP growth index is below 1.0. 

The growth and decline of the indicator in the 1st quarter during the following years: 1996, 
1997, 1999, 2000, 2001, 2009, 2010, 2012, 2019 were possible and the most significant extreme values 
in terms of deviation from the average real GDP index for the period under study. The deviation of 
the real GDP index from the average for the period from 1995 to the first half of 2020 was 398.8% for 
Q1 2009; with 153.2% for Q1 1996; 134.2% for Q1 1997; 123.8% for Q1 2012, 89.4% for Q1 2001 and 
67.3% for Q1 2000. In Q1 1999, 2010, 2019, the value of the real GDP index was at a level lower than 
the average index for the period from 1995 to the first half of 2020. In modulus, the deviation value 
amounted to 88.7% (Q1 2010), 81.3% (Q1 1999), 63.4% (Q1 2019). 

Initial verification of the data by the Kolmogorov-Smirnov and Shapiro-Wilk tests in Statistica 
10.0 program showed that the normal distribution law is refuted with a probability of p < 0.01 
(according to the Kolmogorov-Smirnov test) and of p = 0.00000 (according to the Shapiro-Wilk test). 
To bring the data to the normal distribution law, extreme values were gradually eliminated (in 
proportion to the decrease in the real GDP index deviation for the appropriate quarter from the 
average value from 1995 to the first half of 2020). The elimination of extreme values continued until 
the real GDP index variable was brought to the normal distribution law. This method of bringing 
data to the normal distribution law is confirmed by research [56,57]. As a result, the following 
points shown in Figure 1 were excluded: Q1 2009, Q1 1996, Q1 1997 and Q1 2012. 

Therefore, the normal law of distribution of the growth index of real GDP was ensured. The 
indicated data set, despite the exclusion of certain values, allows us to estimate the development of 
the economic crisis, since all the minimum values of the real GDP growth index for the studied 
period were used in the present work. According to the index dynamics (Figure 1) the recession in 
the economy was observed in the following periods: Q4 1996; Q4 1997; Q1, Q3 and Q4 1998; Q1 and 
Q4 1999; Q4 2000; Q4 2001; Q1 and Q4 2002; Q1 2004; Q1 2005; Q1 and Q4 2008; Q1 2010; Q1 and Q4 
2011; Q1 and Q4 2014; Q1 and Q3 2015; Q1 2017; Q1 2018; Q1 2019 and Q1 2020 when the index 
value was below 1.0. 

To check the data for structural shifts was the next stage of the research. Structural shifts 
contribute to the necessity to divide time series of indicators into segments in order to ensure the 
stationarity of the data. The absence of structural shifts eliminates this need. From economic point 
of view, the identification of structural changes simplifies the determination of the factors that 
caused it, basing on a more significant influence. The presence of structural shifts was verified by 
the Chow test. This test involves the development of linear regression models for supposedly 
heterogeneous subsamples of the indicators and verification of the statistical significance of the 
differences in the model residuals for these subsamples using F-statistics. The growth of the real 
GDP index in Q1 2009 was the most significant extreme value. This date was taken as the point of 

—extreme values that were excluded from the sample to ensure the normal distribution law,

J. Open Innov. Technol. Mark. Complex. 2020, 6, x FOR PEER REVIEW 6 of 21 

Q1 1996

Q1 1997

Q1 2009

Q1 2012

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Q
2 

19
95

Q
1 

19
96

Q
4 

19
96

Q
3 

19
97

Q
2 

19
98

Q
1 

19
99

Q
4 

19
99

Q
3 

20
00

Q
2 

20
01

Q
1 

20
02

Q
4 

20
02

Q
3 

20
03

Q
2 

20
04

Q
1 

20
05

Q
4 

20
05

Q
3 

20
06

Q
2 

20
07

Q
1 

20
08

Q
4 

20
08

Q
3 

20
09

Q
2 

20
10

Q
1 

20
11

Q
4 

20
11

Q
3 

20
12

Q
2 

20
13

Q
1 

20
14

Q
4 

20
14

Q
3 

20
15

Q
2 

20
16

Q
1 

20
17

Q
4 

20
17

Q
3 

20
18

Q
2 

20
19

Q
1 

20
20

R
ea

l G
D

P 
gr

ow
th

va
lu

e

 
Figure 1. Dynamics of the Russian real GDP growth for the period from 1995 to the first half of 2020 
[14]. Note: —extreme values that were excluded from the sample to ensure the normal 
distribution law, —recession points at which the real GDP growth index is below 1.0. 

The growth and decline of the indicator in the 1st quarter during the following years: 1996, 
1997, 1999, 2000, 2001, 2009, 2010, 2012, 2019 were possible and the most significant extreme values 
in terms of deviation from the average real GDP index for the period under study. The deviation of 
the real GDP index from the average for the period from 1995 to the first half of 2020 was 398.8% for 
Q1 2009; with 153.2% for Q1 1996; 134.2% for Q1 1997; 123.8% for Q1 2012, 89.4% for Q1 2001 and 
67.3% for Q1 2000. In Q1 1999, 2010, 2019, the value of the real GDP index was at a level lower than 
the average index for the period from 1995 to the first half of 2020. In modulus, the deviation value 
amounted to 88.7% (Q1 2010), 81.3% (Q1 1999), 63.4% (Q1 2019). 

Initial verification of the data by the Kolmogorov-Smirnov and Shapiro-Wilk tests in Statistica 
10.0 program showed that the normal distribution law is refuted with a probability of p < 0.01 
(according to the Kolmogorov-Smirnov test) and of p = 0.00000 (according to the Shapiro-Wilk test). 
To bring the data to the normal distribution law, extreme values were gradually eliminated (in 
proportion to the decrease in the real GDP index deviation for the appropriate quarter from the 
average value from 1995 to the first half of 2020). The elimination of extreme values continued until 
the real GDP index variable was brought to the normal distribution law. This method of bringing 
data to the normal distribution law is confirmed by research [56,57]. As a result, the following 
points shown in Figure 1 were excluded: Q1 2009, Q1 1996, Q1 1997 and Q1 2012. 

Therefore, the normal law of distribution of the growth index of real GDP was ensured. The 
indicated data set, despite the exclusion of certain values, allows us to estimate the development of 
the economic crisis, since all the minimum values of the real GDP growth index for the studied 
period were used in the present work. According to the index dynamics (Figure 1) the recession in 
the economy was observed in the following periods: Q4 1996; Q4 1997; Q1, Q3 and Q4 1998; Q1 and 
Q4 1999; Q4 2000; Q4 2001; Q1 and Q4 2002; Q1 2004; Q1 2005; Q1 and Q4 2008; Q1 2010; Q1 and Q4 
2011; Q1 and Q4 2014; Q1 and Q3 2015; Q1 2017; Q1 2018; Q1 2019 and Q1 2020 when the index 
value was below 1.0. 

To check the data for structural shifts was the next stage of the research. Structural shifts 
contribute to the necessity to divide time series of indicators into segments in order to ensure the 
stationarity of the data. The absence of structural shifts eliminates this need. From economic point 
of view, the identification of structural changes simplifies the determination of the factors that 
caused it, basing on a more significant influence. The presence of structural shifts was verified by 
the Chow test. This test involves the development of linear regression models for supposedly 
heterogeneous subsamples of the indicators and verification of the statistical significance of the 
differences in the model residuals for these subsamples using F-statistics. The growth of the real 
GDP index in Q1 2009 was the most significant extreme value. This date was taken as the point of 
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The growth and decline of the indicator in the 1st quarter during the following years: 1996, 1997,
1999, 2000, 2001, 2009, 2010, 2012, 2019 were possible and the most significant extreme values in terms
of deviation from the average real GDP index for the period under study. The deviation of the real
GDP index from the average for the period from 1995 to the first half of 2020 was 398.8% for Q1 2009;
with 153.2% for Q1 1996; 134.2% for Q1 1997; 123.8% for Q1 2012, 89.4% for Q1 2001 and 67.3% for
Q1 2000. In Q1 1999, 2010, 2019, the value of the real GDP index was at a level lower than the average
index for the period from 1995 to the first half of 2020. In modulus, the deviation value amounted to
88.7% (Q1 2010), 81.3% (Q1 1999), 63.4% (Q1 2019).

Initial verification of the data by the Kolmogorov-Smirnov and Shapiro-Wilk tests in Statistica
10.0 program showed that the normal distribution law is refuted with a probability of p < 0.01
(according to the Kolmogorov-Smirnov test) and of p = 0.00000 (according to the Shapiro-Wilk test).
To bring the data to the normal distribution law, extreme values were gradually eliminated (in proportion
to the decrease in the real GDP index deviation for the appropriate quarter from the average value
from 1995 to the first half of 2020). The elimination of extreme values continued until the real GDP
index variable was brought to the normal distribution law. This method of bringing data to the normal
distribution law is confirmed by research [56,57]. As a result, the following points shown in Figure 1
were excluded: Q1 2009, Q1 1996, Q1 1997 and Q1 2012.

Therefore, the normal law of distribution of the growth index of real GDP was ensured.
The indicated data set, despite the exclusion of certain values, allows us to estimate the development
of the economic crisis, since all the minimum values of the real GDP growth index for the studied
period were used in the present work. According to the index dynamics (Figure 1) the recession in
the economy was observed in the following periods: Q4 1996; Q4 1997; Q1, Q3 and Q4 1998; Q1 and
Q4 1999; Q4 2000; Q4 2001; Q1 and Q4 2002; Q1 2004; Q1 2005; Q1 and Q4 2008; Q1 2010; Q1 and
Q4 2011; Q1 and Q4 2014; Q1 and Q3 2015; Q1 2017; Q1 2018; Q1 2019 and Q1 2020 when the index
value was below 1.0.

To check the data for structural shifts was the next stage of the research. Structural shifts contribute
to the necessity to divide time series of indicators into segments in order to ensure the stationarity
of the data. The absence of structural shifts eliminates this need. From economic point of view,
the identification of structural changes simplifies the determination of the factors that caused it,
basing on a more significant influence. The presence of structural shifts was verified by the Chow
test. This test involves the development of linear regression models for supposedly heterogeneous
subsamples of the indicators and verification of the statistical significance of the differences in the
model residuals for these subsamples using F-statistics. The growth of the real GDP index in Q1 2009
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was the most significant extreme value. This date was taken as the point of dividing the data sample
into two subsamples (Q2 1995–Q4 2008 and Q2 2009–Q2 2020) to check for structural shifts. A linear
regression model was built based on smoothed data using the EViews 10 statistical package with
the real GDP index as a dependent variable and time (the ordinal number of the timeframe) as an
independent variable. The significance of the model is evidenced by the coefficient of determination
0.80, the calculated values of t-Statistic (19.64 for the independent variable with a tabular value of
1.99 at a significance level of 0.05) and F-statistic for the model (385.62 with a tabular value of 3.95).
The probability of rejecting the hypothesis about the statistical significance of the independent variable
and the model as a whole is 0.00. According to the Chow test results, the probability of accepting the
null hypothesis about the absence of structural shifts is 0.678. The excess of the calculated value over
the critical value of 0.05 indicates the absence of structural shifts. The results of checking the data for
structural shifts are given in Appendix A.

The diagnosis of the economic crisis was based on the hypothesis that the economic recession
is caused by some financial factors. The scientists distinguish the following factors: the imbalance
(increase/decrease) in bank loans (similar to the Latin American crisis of 1980 and Mexican in 1994);
mortgage credits (crisis in Japan in the 1980s, in the USA in 2000–2001 and in the USA in 2007–2009) [20];
imbalance in savings (crisis in the USA in 1931 and in East Asia in 2000) [19,20]; currency devaluation
(crisis in Asia in 1997–1998). In addition, the authors highlighted the following causes of economic
crises: a decrease in government bond yields, a state budget deficit [19]; an increase in interest rates,
fall of stock, credit rating downgrade [20]; a decrease in foreign-exchange and gold reserves, an outflow
of international investment [2,21,23]; an external debt increase [20]; a change in the money supply
and its aggregates, as well as a monetary base; an increase in ratio of non-performing loans and bad
loans [2,4] change in the amount of debt support payments and estimate of the obligatory repayment
of the loan principal comparing to incomes [21]; changes in the ratio of loans to households and
non-financial organizations comparing to the deposits and settlement accounts of the population and
non-financial organizations [20], decrease in investment and innovation activity [48,51]. For Russia,
the Federal Budget revenues for 2019 were formed at the expense of oil and gas revenues by 39.25% [57],
which indicates a significant dependence of the economy on the oil and gas sector. In this regard,
the fall in oil prices is an additional factor that can provoke an economic crisis. The significance of the
influence of this factor on Russia’s economic development is confirmed in Reference [25,26].

The list of indicators that were regarded as predictors of the economic crisis in Russia was formed
with the system of following indicators:

• X1—index of the bank loan growth [58]
• X2—index of the mortgage growth [58]
• X3—index of the bank savings [58]
• X4—index of USD/RUD rate [58]
• X5—index of the government bond yield [59]
• X6—the ratio of the deficit (surplus) of the consolidated budget to GDP [14,60]
• X7—key rate index (up to Q4 2013, that is, refinancing rate) [58]
• X8—the growth rate of Moscow Exchange Index [59]
• X9—the growth rate of Russian Trading System (RTS) Index [59]
• X10—dynamics of positions of the sovereign credit rating of the Russian Federation [58]
• X11—the index of foreign-exchange and gold reserves growth [58]
• X12—indicator of the ratio of the balance of gross foreign investment to GDP (the difference between

the volume of gross foreign investment into the country and the investment from the country) [14]
• X13—the index of gross external debt [60]
• X14—money growth index [58]
• X15—growth rate of non-performing and bad loans [58]
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• X16—the ratio of the amount of payments for debt servicing and the assessment of the amount of
obligatory repayment for the principal of the loan to disposable income of the population [60]

• X17—the ratio of monetary base to nominal GDP [14]
• X18—the ratio of loans to the population and non-financial organizations to deposits and settlement

accounts of the population and non-financial organizations [58]
• X19—the ratio of M2 to the amount of bank loans to households and non-financial organizations [58]
• X20—the growth index for domestic spending on R&D expressed as a percentage of GDP [14]
• X21—the growth index for the indicator of organizations’ innovative activities [14]
• X22—the growth index for the inventive activity coefficient—the number of domestic patent

applications for inventions filed in Russia, per 10 thousand people [14]
• X23—the growth index for capital investment costs (in US dollars) [14]
• X24—the growth rate of global Brent crude oil price [61]

For this purpose, the Moody’s rating was used, which involves 21 positions (from C to Aaa—in order
of the positions improvement). Since rating is not characterized by a quantitative assessment, a point
assessment was implemented in the study, assuming the following:

1. A country was assigned a score in accordance with a credit rating. The higher the credit rating
is, the higher the score is: C—1 score, Ca—2, Caa3–3, Caa2—4, Caa1—5, B3—6, B2—7, B1—8,
Ba3—9, Ba2—10, Ba1—11, Baa3—12, Baa2—13, Baa1—14, A3—15, A2—16, A1—17, Aa3—18,
Aa2—19, Aa1—20, Aaa—21

2. Dynamics is calculated as an absolute variation of score compared to the previous period. Relative
indicators (growth, growth) are not used in this case, since if the rating changes by 1 position,
the growth rate will be higher at the lower levels of the rating than at the highest with an
equivalent change; Relative indicators (growth rate and accession rate) are not applied in this
case, since if the rating changes by 1 position, the growth (accession) rate is getting higher at the
lower levels of the rating than at the highest levels with an equivalent variation

The use of relative values in the analysis contributes to the indicators commensurability and
modeling result adequacy. All indices are calculated by means of the chain method for the dynamics
series calculation. For indicators X6, X12, the indices were not calculated since the indicators of the
balance of the budget and investments can take positive and negative value; for X16–X24 the indices
were not calculated due to the fact that these indicators are relative.

The list of indicators X1–X23 is based on the narrowing of the expert group, which consists of
45 representatives of the Ministry of Finance of the Russian Federation, the Ministry of Economic
Development of the Russian Federation and the National Rating Agency, whose competence includes
analysis of the economic situation, analysis of the banking sector, budget conditions, assessment of the
country’s solvency and forecasting probability the onset of economic crises. The experts’ assessment
was performed in two stages:

• At the 1st stage, the experts proposed a list of indicators-indicators of the economic crisis,
from which the indicator system X1–X24 was formed

• Due to the fact that at the 1st stage individual assessments were used, which differed in some
indicators, at the 2nd stage the generalized system of indicators X1–X24 was checked by experts
from the standpoint of its completeness and representativeness as leading indicators of the
economic crisis. The experts estimated the completeness of the proposed indicator system by an
average of 9.96 points out of 10 maximum; the representativeness of each indicator by experts was
estimated at 9.33–10 points (93–100% of the maximum level), which indicates the possibility of
using indicators X1–X23 in determining indicators of the economic crisis and the strength of their
impact on the real GDP index

The reliability of the results of expert assessment is confirmed by the competence of experts,
the experience of each of which in this field exceeds 10 years; the consistency of their opinions,
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estimated using the coefficient of variation, the value of which according to individual estimates of the
completeness and representativeness of the indicators does not exceed 5%.

Due to the fact that the given research modeling assumes stationarity of the investigated time
series, the values of Y, X1–X24 indicators for the investigated period are checked for stationarity using
the extended Dickey-Fuller method in the EViews 10.0 software (Table 1).

Table 1. Estimation of the stationarity of Russia’s real GDP index and leading indicators of the economic
crisis for the period from 1995 to the first half of 2020 according to the extended Dickey-Fuller test [14,58–61].

Indicator Specification Prob. Indicator Specification Prob.

Y I, 0 0.0006 X13 I, 1 0.0077
X1 I, 1 0.0004 X14 I, 0 0.0013
X2 I, 1 0.0011 X15 I, 1 0.0002
X3 I, 0 0.0167 X16 I, 1 0.0093
X4 I, 1 0.0010 X17 I, 0 0.0021
X5 I, 0 0.0016 X18 I, 0 0.0000
X6 I, 0 0.0142 X19 I, 0 0.0001
X7 I, 1 0.0000 X20 I, 1 0.0014
X8 I, 1 0.0279 X21 I, 0 0.0008
X9 I, 0 0.0014 X22 I, 1 0.0016

X10 I, 1 0.0006 X23 I, 1 0.0180
X11 I, 0 0.0074 X24 I, 0 0.0000
X12 I, 0 0.0086

Note: Prob.—the probability of accepting the null hypothesis that the time series is non-stationary; I-Intercept—time series
specification with respect to constant; 0—level; 1—1st differencing.

All indicators are stationary at a particular specification. Indicators Y, X3, X5, X6, X9, X11, X12,
X14, X17–X19, X21, X24 are stationary at specification (I, 0). The time series data of these indicators are
stationary without additional integration. The probability of accepting the null hypothesis that time
series is non-stationary does not exceed 5% (Prob < 0.05). The indices X1, X2, X4, X7, X8, X10, X13,
X15, X16, X20, X22, X23 are stationary at the specification (I, 1). These parameters were normalized to
stationarity using first order integration. Thus, the probability of adopting the null hypothesis that a
time series is non-stationary for all indices does not exceed 5% and therefore, with 95% probability the
stationarity of time series can be stated.

4. Methods

The study of the cyclical development of the Russian economy was carried out using the Fourier
spectral analysis method in the Statistica 10.0 program. The authors applied the value of the real GDP
growth index of the Russian Federation for the period from 1995 to the first half of 2020 with quarterly
specification. According to the spectral analysis, the cycles are selected applying the decomposition of
the time series into sinusoidal functions. This type of analysis enables to recognize cyclical fluctuations
of different, previously unknown length [62,63]. In this study, the purpose of the spectral analysis was
to identify fluctuations of certain periodicity in the dynamics of the real GDP index, which may indicate
the influence of cyclical factors on the dynamics of economic development. In the case of cycles,
appropriate transformations of time series are necessary to exclude their influence or the selection of
another methodological toolkit to study the factors that are leading indicators of an economic crisis.
In the absence of cycles, no additional transformations have been made.

The study of the factors that impact the dynamics of economic development and the formation of
neural network models was carried out on the basis of the data distribution for the period from 1995 to
the first half of 2020 that were modified to the normal law of distribution (except of extreme values
for Q1 2009, Q1 1996, Q1 1997 and Q1 2012). The statistical data system was checked for cause and
effect relationships using the Granger test [64,65] in the EViews 10.0 software package. According to
the test results, the authors developed the neural network models of the influence of indicators of the
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economic crisis on the economic situation in the Statistica 10.0 program. This method provides the
possibility of modeling more complex relationships, compared to the multiple linear regression method,
which is confirmed by its use in assessing and forecasting crisis phenomena in the economy [66,67].
When constructing a neural network, the error backpropagation algorithm was used, which belongs
to the supervised learning method and assumes the presence of the resulting variable value. In this
research, it is the real GDP growth rate. According to the chosen method, the input pulse passes direct
(from the network input to the output) and return paths (from the output to the input). On the direct
path, an output vector is formed that corresponds to the current state of the neuron weights. On the
return path, the neuron weights are corrected based on the criterion of minimizing the network output
error and reaching the accepted level of approximation for the actual and predicted values of the
resulting variable [68].

The neural network model of the influence of leading indicators of the economic crisis is introduced
with the function

y = f (Xi), (1)

where by

1
2

p∑
j=1

(y j − d j)
2
→ 0, (2)

where: y is dependent variable that corresponds to the index of real GDP; f (Xi) is an activation function;
Xi are independent factors, that is, variables X1–X24 that impact the economic development; yj is the
value of the j output of the neural network; dj is a target value of j output; p is the number of neurons
in the output layer. The authors implemented neural networks of the multilayer perceptron type.
Therefore, the Function (1) takes the following form:

y = f (h(n)), (3)

where: h(n) is the output pulse of the n neurons layer, that is, the result of converting the values of
independent factors (Xi) into the output pulse, taking into account the synapse and noise. Output pulse
function is written as follows:

h(n) = f (W(n − 1) × H(n − 1) + B(n − 1)), (4)

where: W is a neural network synapse weights vector, H is a vector of output pulses, B is a noise vector.
For the development of a neural network, a system of factors Xi was used that fulfill the condition:

yt = a0 + Σαk × yt−k + Σβk × (Xi)t−k + Et. (5)

For
βk , 0, (6)

where: a0, αk, βk are the regression coefficients; Et is an error; (t − k) is a time lag.
In accordance with the developed neural network, the elasticity coefficients for the variations

of the level of economic development were calculated. The independent variable values (Xi + 1%)
were substituted into the developed neural network, where: 1% is the growth of the i factor by 1%.
The following values were applied for the indicator Xi:

• Minimum value of the i—factor for the period from 1995 to 2020 (Xi min)

• Average value (Xi)
• Maximum value (Xi max)
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5. Results

The results of spectral analysis (Table 2) were used to determine that the dynamics of Russia’s real
GDP index for the period from 1995 to the first half of 2020 has the greatest probability of identifying
cycles with a duration of 2–3, 16, 3–4, 19–20 quarters. The periods are specified in the order of
decreasing probability of identifying statistically significant cycles. For these periods, the highest
values of the “Periodogram” indicator, which characterizes the spectral density of the studied time
series. For the period of 2.233 quarters, the periodogram value was 0.634, with 0.455 for 16 quarters,
0.416 for 3.429 quarters, 0.394 for 19.2 quarters and 0.346 for 2.4 quarters.

Table 2. Indicators of the spectral analysis of the dynamics of the Russian real GDP index for the period
from 1995 to the first half of 2020 [14].

Frequency Period Periodogram Density Frequency Period Periodogram Density

0.448 2.233 0.634 0.332 0.271 3.692 0.092 0.173
0.063 16.000 0.455 0.321 0.313 3.200 0.086 0.140
0.292 3.429 0.416 0.277 0.198 5.053 0.080 0.116
0.052 19.200 0.394 0.354 0.135 7.385 0.076 0.061
0.417 2.400 0.346 0.178 0.365 2.743 0.076 0.054
0.156 6.400 0.315 0.149 0.115 8.727 0.073 0.053
0.083 12.000 0.306 0.170 0.094 10.667 0.061 0.111
0.344 2.909 0.300 0.157 0.427 2.341 0.049 0.163
0.479 2.087 0.299 0.235 0.333 3.000 0.045 0.148
0.042 24.000 0.276 0.249 0.396 2.526 0.038 0.044
0.260 3.840 0.249 0.183 0.031 32.000 0.037 0.138
0.240 4.174 0.240 0.186 0.125 8.000 0.036 0.054
0.490 2.043 0.218 0.184 0.385 2.595 0.035 0.035
0.323 3.097 0.217 0.144 0.104 9.600 0.030 0.058
0.281 3.556 0.215 0.232 0.375 2.667 0.026 0.040
0.219 4.571 0.208 0.163 0.010 96.000 0.026 0.054
0.469 2.133 0.199 0.197 0.458 2.182 0.024 0.227
0.188 5.333 0.172 0.106 0.177 5.647 0.023 0.067
0.021 48.000 0.166 0.099 0.406 2.462 0.023 0.106
0.438 2.286 0.144 0.242 0.146 6.857 0.018 0.104
0.250 4.000 0.141 0.188 0.354 2.824 0.008 0.097
0.302 3.310 0.138 0.198 0.073 13.714 0.007 0.203
0.208 4.800 0.126 0.136 0.167 6.000 0.004 0.090
0.229 4.364 0.118 0.170

The Kolmogorov-Smirnov test was used to check the statistical significance of potentially possible
cycles (Figure 2). This test helped verify the exponential law of the periodogram value distribution for
the Russian real GDP growth rate for the period from 1995 to the first half of 2020.

If there are cycles of a certain periodicity in the dynamics of the Russian real GDP growth rate,
the exponential law should be rejected for the periodogram values distribution. The calculated value
of the Kolmogorov-Smirnov test is 0.0932 (Figure 2), the tabular value is 0.1358 at a significance level of
0.05. The calculated value is below the tabular value. This means that the periodogram histogram
follows an exponential distribution. In the investigated time series, there are no statistically significant
fluctuations of a certain periodicity, which help predict the onset of a crisis based only on the dynamics
of the time series of the studied indicator, without taking into account additional factors of influence.
The absence of such fluctuations necessitated the research of leading indicators of the economic crisis.
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The absence of periodicity in the economy development means that the dynamics of economic
development and the uprising crises are mostly influenced by “unplanned” (non-periodic) factors,
represented by X1–X24 factors. In order to assess this impact, the Granger causality test was conducted
with a lag from Q1 to Q4 (L = 1, . . . 4). It was determined that in the time from 1995 to the first
half of 2020, indicator X10 was a result of the influence of other indicators of the economic crisis
(X1–X9, X11–X24) (Table 3). The probability of the hypothesis confirmation about the absence of the
influence of indicators X1–X9, X11–X24 on X10 did not exceed 4%. This is because a sovereign credit
rating is based on the status of the balance of payments and stocks, debt level, financial assets yield and
budget security, depends on investment and innovation. Therefore, the consideration of the indicator
X10 as a factor that contributes to economic crisis is impractical due to different detail level.

Table 3. Statistically significant (at p = 0.05) causal relationships between Russia’s real GDP index and
the leading indicators of the economic crisis from 1995 to the first half of 2020 [14,58–61].

Direction of the
Causal Relationship Prob. Direction of the

Causal Relationship Prob. Direction of the
Causal Relationship Prob.

Causal Relationships between the Economic Crisis Indicators

X1→ X10 0.0168 (L = 1) * X7→ X10 0.0270 (L = 2) X16→ X10 0.0199 (L = 2)
X1→ X15 0.0023 (L = 1) X7→ X12 0.0056 (L = 2) X17→ X10 0.0401 (L = 2)
X2→ X10 0.0094 (L = 1) X7→ X14 0.0103 (L = 2) X18→ X10 0.0098 (L = 2)
X3→ X10 0.0187 (L = 2) X7→ X18 0.0335 (L = 2) X19→ X10 0.0291 (L = 2)
X4→ X10 0.0069 (L = 1) X7→ X19 0.0400 (L = 2) X20→ X10 0.0047 (L = 3)
X5→ X10 0.0001 (L = 2) X8→ X10 0.0399 (L = 2) X20→ X21 0.0094 (L = 1)
X6→ X10 0.0029 (L = 2) X9→ X10 0.0400 (L = 2) X20→ X22 0.0082 (L = 1)
X7→ X1 0.0364 (L = 2) X11→ X10 0.0091 (L = 2) X21→ X10 0.0104 (L = 3)
X7→ X2 0.0054 (L = 2) X12→ X10 0.0311 (L = 2) X22→ X10 0.0200 (L = 3)
X7→ X3 0.0009 (L = 2) X13→ X10 0.0199 (L = 2) X23→ X10 0.0007 (L = 3)
X7→ X4 0.0075 (L = 2) X14→ X10 0.0035 (L = 2) X24→ X10 0.0416 (L = 2)
X7→ X5 0.0094 (L = 2) X15→ X10 0.0137 (L = 2)



J. Open Innov. Technol. Mark. Complex. 2020, 6, 171 13 of 21

Table 3. Cont.

Direction of the
Causal Relationship Prob. Direction of the

Causal Relationship Prob. Direction of the
Causal Relationship Prob.

Causal Relations between the Economic Crisis Indicators and the Real GDP Index

X1→ Y 0.0084 (L = 2) X10→ Y 0.0028 (L = 1) X21→ Y 0.0099 (L = 3)
X2→ Y 0.0100 (L = 2) X12→ Y 0.0009 (L = 3) X22→ Y 0.0130 (L = 3)
X4→ Y 0.0003 (L = 2) X15→ Y 0.0312 (L = 2) X23→ Y 0.0041 (L = 3)
X7→ Y 0.0169 (L = 2) X20→ Y 0.0012 (L = 3) X24→ Y 0.0101 (L = 2)

Note: *—statistically significant time lag (L) that corresponds to the number of quarters of the delay in the influence
of independent variables on dependent ones. In the case of the significance of causal relations between indicators at
more than one lag value, the lag indicated in the table corresponds to the minimum value of the “Prob.,” that is, the
most significant impact.

The results of the Granger causality test are shown in Table 3, they evidenced the presence of the
following chains of causal relationships between the indicators of an economic crisis. The growth of
granted bank loans (indicator X1) leads to an increase in the share of non-performing and bad loans
(X15); the less effective management of banks’ credit risks and the less justified the decision to grant
loans, the more significant the causal relationship is.

The key interest rate of the Central Bank is the main instrument of monetary policy aimed at
regulating the money supply. An increase in the key interest rate (X7) leads to the increased cost
of loans attracted by a commercial bank and, accordingly, to rising interest for loans provided by
commercial banks, a decrease in the lending amount in general (X1) and mortgage lending in particular
(X2). On the other hand, rising key rate and loan interest make it possible to increase the deposit rate
while maintaining the existing margin, which will lead to an increase in bank savings (X3). A decrease
in lending amounts and an increase in savings leads to a decrease in the loan-to-deposit ratio (X18) and
a decrease in the money supply (X14, X19).

Provided that the country’s macroeconomic state remains unchanged, rising key interest rate
results in an increase in its investment attractiveness and, as a consequence, an increase in the balance
of foreign direct investment (X12) and to the revaluation of the national currency (X4).

A rising key interest rate may have an opposite effect on bond yields (X5) depending on the type
of bond. An increase in the key rate reduces the yield on old fixed coupon bond issues and makes
them less attractive compared to other ways of saving, for example, bank deposits. At the same time,
the yield of variable coupon bonds and newly issued bonds grows.

A causal chain was also revealed between the indicators of innovative activity: X20→ X21, X20→ X22.
The growth of gross domestic spending on R&D leads to an increase in the indicator of organizations’
innovative activities and an increase in the number of domestic patent applications for inventions as a
result of funding expansion.

According to the study of causal relationships between leading indicators of the economic crisis
and the real GDP index, it was determined that for the Russian economy, studied for the period from
1995 to the first half of 2020, the crisis indicators are monetary factors that determine economic activity:
indicators of the bank loan growth rate, the amount of mortgage lending, the share of non-performing
and bad loans, the exchange rate and the key interest rate. In addition to monetary factors, the dynamics
of real GDP is influenced by the factors of investment (the indicator of the ratio of the foreign direct
investment balance to GDP, the capital investment growth rate) and innovation (the growth index for
domestic spending on research and development (R&D), the growth index of the inventive activity
coefficient, the growth index of the organizations’ innovative activity) activities.

The global oil price index is another factor influencing the dynamics of economic development
as a result of the significant dependence of the Russian economy on the revenues from the oil and
gas sector.

Neural network models were developed to determine the influence of the economic crisis indicators
on the economic situation (Table 4).



J. Open Innov. Technol. Mark. Complex. 2020, 6, 171 14 of 21

Table 4. Characteristics of neural models for the impact of the economic crisis indicators on the level of
Russia’s real GDP from 1995 to the first half of 2020 [14,58–61].

Dependent
Variable

Independent
Variable Model Type Training

Error Test Error Validation
Error Sensitivity

Y X1 MLP 1-3-1 0.0036 0.0001 0.0002 3.97
Y X2 MLP 1-2-1 0.0048 0.0006 0.0007 3.24
Y X4 MLP 1-6-1 0.0002 0.0007 0.0009 4.82
Y X7 MLP 1-8-1 0.0168 0.0000 0.0004 2.29
Y X12 MLP 1-3-1 0.0010 0.0009 0.0018 3.54
Y X15 MLP 1-4-1 0.0118 0.0011 0.0009 2.06
Y X20 MLP 1-6-1 0.0102 0.0021 0.0009 2.13
Y X21 MLP 1-8-1 0.0117 0.0010 0.0007 1.97
Y X22 MLP 1-3-1 0.0084 0.0002 0.0003 2.02
Y X23 MLP 1-3-1 0.0092 0.0004 0.0003 3.09
Y X24 MLP 1-5-1 0.0109 0.0012 0.0010 2.66

The developed neural networks of the multilayer perceptron type with one hidden layer are
characterized by statistical significance, which is confirmed by the values of Training, Test and
Validation error that do not exceed 5%. The percentage of deviation of the values of the dependent
variable calculated by neural networks from the actual values for the period of the study is 1.8–3.6%.
Percentage of deviation does not exceed 5%, which indicates the adequacy of the built models and the
possibility of their further use.

The influence power of a particular indicator on the economic development is estimated with the
sensitivity indicator. According to the values of this indicator, the dynamics of the ruble exchange rate
(indicator X4), the bank loan growth rate (X1), the indicator of the FDI-to-GDP balance ratio (X12),
the mortgage lending growth rate (X2) and the growth rate of capital investment costs (X23) have
the greatest influence on the dynamics of Russia’s real GDP index. The sensitivity indicator for these
indicators is the highest in absolute magnitude.

According to the results presented in Table 3, the “double” effect on the real GDP index is
performed by indicator X7 (directly and by means of indicators X1–X5), X1 (directly and by means
of X15) and X20 (directly and by means of X21, X22). Since there observed the multicollinearity
between the economic crisis indicators, the study of the influence of all these indicators on indicator
Y is impractical, as well as reducing the reliability of the modeling results. The most significant
independent variables include paired coefficients of correlation between the following indicators:

• The key interest rate (X7) and bank loan growth rate (X1)—the value of the paired correlation
coefficients is |0.84|

• The key interest rate (X7) and the mortgage lending growth rate (X2)—|0.69|

• The key interest rate (X7) and RUB/USD exchange rate (X4)—|0.75|

• The bank loan growth rate (X1) and non-performing and bad loan share growth rate (X15)—|0.66|

• The growth index for domestic spending on R&D expressed as a percentage of GDP (X20) and the
growth index for the indicator of organizations’ innovative activities (X21)—|0.70|

• The growth index for domestic spending on R&D expressed as a percentage of GDP (X20) and the
growth index for the inventive activity coefficient (X22)—|0.72|

Data introduced in Table 4 indicate that the least significant effect on the resulting indicator among
the 1st group of correlated factors is performed by X7. Therefore, in order to avoid multicollinearity,
the indicator X7 was excluded from the model. Its influence was reflected through indicators X1,
X2, X4, as more statistically significant. In the 2nd group of correlated factors (X1, X15), X15 is less
statistically significant factor in terms of elasticity. Therefore, its implementation in the model is not
relevant. In the 3rd group (X20–X22), the X20 indicator exerts the most significant impact on the change
in the resulting indicator. The elasticity of the Y indicator from X20 is 2.13, while from other correlated
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indicators it is 1.97 (from X21) and 2.02 (from X22). In this regard, X21 and X22 are excluded from the
3rd group of correlated indicators.

The reaction of the economy to a change in indicators X1, X2, X4, X24 is performed with a lag of
two quarters, to a change in X12, X20, X23 with a lag of three quarters. According to these indicators,
a neural network of the integral influence of factors X1, X2, X4, X12, X20, X23, X24 on the real GDP
index was developed. It is characterized by the following data: model type is MLP 7-3-6-1, Training
error = 0.0106, Test error = 0.0038, Validation error = 0.0030. The percentage of deviation of the
model-calculated values of the dependent variable from the actual values is 2.2–4.6%.

The use of different values of the indicator Xi is caused by the fact that neural networks provide
simulation of the economic process according to the changing trends and patterns of its development,
as well as the various impacts on the resulting indicator. The elasticity coefficients calculated in this
way are introduced in Table 5.

Table 5. Values of elasticity coefficients of the real GDP index for leading indicators of the economic
crisis [14,58–61].

Independent Variable
The Value of Elasticity Coefficients Depending on the Values of Xi, %

Xi = Xi min Xi = Xi Xi = Xi max

X1 +0.97 +0.81 −0.77
X2 +0.83 +0.70 −0.79
X4 −0.83 −0.96 −1.19

X12 +0.84 +0.92 +0.96
X20 +0.55 +0.64 +0.66
X23 +0.89 +0.90 +0.92
X24 +0.57 +0.66 +0.71

The elasticity of the real GDP index for indicator X1 at minimum level of indicator X1 (Xi max),
calculated by means of the model of the integral influence of factors, is +0.97%, at an average level (Xi)
it comprises +0.81% and at maximum level (Xi max) it corresponds to −0.77% (Table 5). Similar situation
is with the indicator X2. Indicator increase at the minimum and average levels provide a positive
effect on economic development of the Russian Federation and negative effect is observed at maximum
level. It means that medium increase in these indicators leads to economic growth, although rapid
growth leads to crises. The devaluation of the ruble, the decline in investment and innovation activity,
the decline in global oil prices have a negative impact on economic development.

6. Discussion and Conclusions

Studying of the system of leading indicators of the economic crises on the example of the
Russian economy reveals the priority of financial indicators change and their impact on the real
GDP index [21,28,45]). In other words, economic crises are caused by the changes in the financial
sector. The results obtained define the following causes of economic crises: the rapid growth of
bank and mortgage lending, the devaluation of the ruble and a decrease in gross foreign investment,
capital investment and research and development costs, the decline in global oil prices.

The proposed system of indicators reflects the key indicators of the economic crisis identified
by References [2,4,19–23]—indicators of the credit market (X1–X3, X7, X14–X15, X17–X19), currency
exchange rate (X4), stock prices (X8, X9), gold and foreign exchange reserves (X11). It is supplemented
by fiscal indicators (X5–X6, X13, X16) characterizing the budget deficit, the volume of public debt and
payments for its servicing, as well as the indicators of investment activity (X12, X23), innovation activity
(X20), global oil prices (X24), the dynamics of the country’s sovereign credit rating (X10), which are
indicated by References [25,26,48,51] but did not find practical application. Thus, the proposed list of
indicators allows for a more comprehensive, compared with existing studies, assessment of indicators
of economic crises based on world practice of economic crises: the US crisis 1931, 2000–2001, 2007–2009,
Latin America 1980, Japan 1980, Mexico 1994, Asia 1997–1998, East Asia 2000.
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Monetary factors (X1, X2, X4) are statistically significant leading indicators of economic change.
This confirms the relevance of the monetarist theory of the development of economic crises [2,21,23],
although adjusted for investment factor [51]. This characteristic of the oscillator system can be
explained by the fact that the financial system of Russia has not developed yet and is characterized by
a developing market, mainly due to the insufficient development of stock markets and institutional
investors. This significantly complicates the mobilization of internal sources of long money for the
Russian economy. This feature of the Russian financial system must be taken into account for the
development of financial system strategies for the future, leading indicators determination and crisis
prevention. The authors of the present work are trying to take up this challenge and contribute
to the literature on early warning about the crisis, focusing on visualization of the economy and
determining the potential leading indicators, which are characteristic for the developing markets. It is
worth highlighting that gross investment is one of the leading indicators in the national economy.
Therefore, unlike the economies of developed countries, the effectiveness of fiscal expansion policy as
a response to the economic crisis and its consequences depends on fiscal and balance-of-payments
positions. Russian economy is experiencing a decline in fiscal position. Being an oil exporting country,
it significantly depends on oil revenues, which are currently declining. Therefore, the reduction of
the investment flow into the economy significantly restricts an expansionary fiscal policy. Unlike a
developed economy with a fairly strong public finance base, the investment factor will not have the
same impact as in emerging market countries. In a developed market, the accounting rate can be an
indicative indicator of the economic crisis. The long period of ultra-low rates contributes to the growth
of financial vulnerability factors, especially outside the regulated banking sector.

Also, within the framework of this study the presented approach showed that the innovative level
of development significantly affects the development of the economy and indicators of innovative
development should serve as the basis for an indicative assessment of crisis manifestations in the
Russian economy in the current conditions. In addition, it should be noted that with a decrease in
the growth rate of innovative development, there is a decrease in the growth rate of the national
economy, which is typical for countries with an emerging market. The importance of the innovation
factor in the indicative early warning system for Russia is justified not only by the development of the
information economy in the world and in the country but rather by the fact that in Russia innovative
activity takes predominantly the form of the introduction of already existing innovative products or
processes from more developed countries with their subsequent adaptation to the local conditions [29].
This, in turn, gives rise to significant differences in the level of costs in the process of introducing the
existing technologies and provokes the complete dependence of the domestic innovation process on
external funding, foreign investment in particular. Since the Russian economy is overly dependent on
fluctuations in prices for oil, metals and other types of export raw materials [25,26] and is characterized
by the instability of the financial system, there are no mechanisms for transforming its own savings into
investments. Consequently, at the slightest disproportionate manifestation of economic development,
the already modest level of investment in innovative activity is sharply reduced in Russia, which in
turn directly affects the level of investment activity.

The implementation of Granger test and neural modeling to determine the most useful leading
indicators of all potential ones can be considered as the advantage and novelty of the present study.
Although, the authors of the analyzed literature sources either concerned all potential indicators
within the model or selected several indicators for evaluation [2,36]. The applied methods allowed us
to minimize subjective judgment and reflect the compromise between the inclusion of insignificant
indicators (in comparison, when all potential indicators are used) and the omission of important
variables (when several selected indicators are evaluated). As a result, the researches formed a subset
containing the most important leading indicators that should be controlled by the anti-crisis policy of
the state. It is worth highlighting, that the identified system of leading indicators of economic crisis is
characteristic only for the Russian economy. Thus, the list of oscillators and the possibility of financial
expansion to prevent the economic crisis in the country depends on the balance of payments in the
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developing market and fiscal state. Taking Chinese economy as an example, we can see that in the
context of the sufficient foreign exchange reserves and a small fiscal deficit, an effective expansionary
fiscal policy can be pursued regardless of the dynamics of investment in the economy. However,
other countries, especially in Africa, which do not have large reserves or whose balance of payments is
unstable, may not be able to admit expansionary fiscal policies. These aspects, as well as the influence of
external economic factors that were not considered in this study, formed our further scientific priority.

In the context of the study, time lags of the economy reaction to the change of leading indicators
of crisis were obtained. As the study showed, the dynamics of economic development reacts
quickly enough to crisis changes in monitor oscillators with a lag of two quarters, to X12 change
(gross foreign investment), X23 (capital investment), X20 (research costs) it comprises three quarters.
These results weaken the idea common for the previous literature [39], that all early warnings are
indicated on the same horizon, usually one or two years. The authors suggest a systematic way to
select the horizon for each potential leading indicator. Most of them are macroeconomic and financial
variables and some of them reflect structural and fiscal characteristics. According to the research
results, forecasting horizons really depend on indicators and fall in the range from two to three quarters.
Thus, the system of leading indicators of crisis in the Russian economy can be qualified as early
warning indicators.

Based on the updated system of crisis early warning indicators, their negative dynamics can be
stated in the last half of 2019 [14,58,61] before the start of the crisis in the Russian economy in March 2020
due to the COVID-19 pandemic propagation. Also, the negative dynamics of these oscillators in the
second half of 2012 [14,58,61] before the onset of the economic crisis in 2013–2016 may be a confirmation
of the sensitivity of the country’s economic development dynamics to changes in these indicators.
However, within the framework of the research, it should be underlined that the Russian economy
is currently undergoing a deep recession because of the pandemic, just like the global economy but
this is a humanitarian crisis—a crisis of the healthcare system [12]. Concerning the peculiarities of the
Russian economic development, it is subject to systemic crises of the economy, covering all spheres and
sectors of the country’s economy. And this is typical for economies that, even during recovery phases,
will develop according to the scenario of intermediate crises and economic recessions. This is not
typical for the classic crisis of overproduction [38,52] but rather indicates an investment and innovation
crisis, to be more precise, a crisis of reproduction management in a broad sense, leading each time
to a sectoral crisis and a crisis of the socio-economic model of the economic operation. Therefore,
these features of the Russian economy crisis and their differences from the crises in developed countries
and the global economy will be considered in our future studies.

In this context, Russia should actively implement strategies of open innovation and its commercialization
to ensure the leveling of crisis manifestations and sustainability [47,48,69]. The state should become
the main coordinator of open innovation in the country by developing innovative elevators and
technological platforms through financial, informational and advisory support for innovative projects
at all stages of the innovation cycle. It should create state guarantees and ensure the protection of
information within the framework of the innovation process.
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Appendix A

Verification results for the dynamics of the Russian real GDP growth for the period from 1995 to
the first half of 2020 concerning the presence of structural shifts.
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Table A1. Characteristics of the linear regression model of the time-dependent real GDP growth rate.

Variable Coefficient Std. Error t-Statistic Prob.

X 0.000339 1.73 × 10−5 19.63723 0.0000
C 1.134868 0.000975 1163.964 0.0000

R-squared 0.802339
Adjusted
R-squared 0.800258

S.E. of regression 0.004764
Sum squared resid 0.002156

F-statistic 385.6209
Prob(F-statistic) 0.000000

Note: Dependent Variable: real GDP growth rate; X—Independent Variable—ordinal number of the timeframe;
C—a constant term; Method: Least Squares; Included observations: 97.

Table A2. Results of the Chow test for structural shifts in the dynamics of the real GDP growth rate
from 1995 to the first half of 2020.

Chow Breakpoint Test: 53

Null Hypothesis: No breaks at specified breakpoints

Varying regressors: All equation variables

Equation Sample: 1–97
F-statistic 0.391300 Prob. F (2,93) 0.6773

Log likelihood ratio 0.812845 Prob. Chi-Square (2) 0.6660
Wald Statistic 0.782600 Prob. Chi-Square (2) 0.6762
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