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Abstract 
 

The theoretical foundations of the VaR-method for the risk index calculation have been considered. The 
investigation applied monograph and analytical methods, artificial intelligence, design-constructive 
procedure, data quantization, “decision tree”, as well as analysis, modeling, study and generalization. The 
article deals with the AI neural network for predicting financial risk in the real economy of Russia. A 
hypothesis that the “decision tree” neural network enables obtaining a forecast of the extent of loss resulting 
from the financial risk has been put forward and proved. The relevance is due to the fact that in a “turbulent” 
economy, there is an increase in volatility in the parameters of the balanced profit of the Russian real 
economy, while the artificial intelligence systems applied to predict financial risk using the VaR method is 
important. The estimation of loss from financial risk caused by volatility especially matters in conditions 
of market uncertainty. The solution proposed is of great practical importance, since the AI-system 
developed provides support for managerial decision-making in terms of the balanced development of the 
real economy and financial sector.  
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1. Introduction 

The relevance of the research lies in the fact that the involvement of artificial intelligence in the risk 

evaluation and management is growing rapidly; however, certain aspects of the problems that arise in this 

case require further research. This article raises a problem that partially exists in science. The authors 

proposed an AI system processing BigData for predicting the financial risk in the real economy of Russia. 

A hypothesis that the neural network allows obtaining a forecast of the financial risk in Russia has been put 

forward and proved.  

The solution proposed is of great practical importance, since the AI-system developed provides 

support for managerial decision-making in terms of the balanced development of the real economy and 

financial sector. 

Of great importance is monitoring financial risk and investors’ inflation expectations, taking into 

account the dynamics of the VIX option—the “fear index” that reflects the investment activity level in the 

global economy. 

All this, ultimately, allows ensuring financial stability and progressive development of the country's 

economy as a whole, in order to maximize the GDP of the country. 

Evaluation of financial risk is important. There are many methods for evaluating and managing risk, 

but the artificial intelligence systems applied allow getting a breakthrough opportunity. So, the Russian 

Deductor platform (BaseGroup, Russia) makes it possible to use maximum potential of artificial 

intelligence systems. Of interest is the developed “decision tree” neural network that enables obtaining a 

forecast of financial risk in the real economy of Russia (Basegroup…, 2019). 

The evaluation of the extent of loss resulting from financial risk caused by volatility is important in 

conditions of market uncertainty. In practice, the VAR-method risk calculation is widely used (VAR…, 

2019). 

The study has found many domestic and foreign works devoted to this problem. So, Lomakin et al. 

(2016) investigated issues of risk monitoring based on neural networks and fuzzy algorithms); Pavlov and 

Lomakin (2017) successfully conducted a study of the financial risks in organization by an artificial 

intelligence system. 

Experience proved that the study of financial risks regarding the capitalization ratio of an enterprise 

in a particular field of activity is of great interest. 

It seems appropriate to use the generally accepted risk evaluation technique. In essence, risk is a 

variance that is advisable to be represented as the standard deviation.  

The standard deviation is determined by the formula (1) 
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Where σ is the risk; n is the number of observations; ri is the profitability in the i-period; and ṝ is the 

average yield. 

The spread of profitability with respect to the average value, and, consequently, the risk development 

can be compared. 
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The Value at Risk (VaR) method is based on the determination of the functional dependence of the 

risk on external factors and used for the quantitative risks evaluation in practice. The VaR-method is applied 

by the international Bank for International Settlements and others (Quantitative…, 2019). 

The study proposed was faced with the fact that the category of “financial risk” is complex and 

multifaceted. The research showed that there are many works by domestic and foreign authors devoted to 

this problem. So, Lomakin et al. (2013) considered the exchange operations with company’s securities as 

a tool to reduce financial risks.  

Many Russian and foreign scientists worked at the problem of reducing risk and increasing the 

sustainability of the Russian economy. For example, Baranov and Bessonov (2018) investigated the issues 

of economic transformation in Russia and the balance of the financial and economic system; studying the 

issues of profitable work of enterprises in the real economy in order to form a growth path for the future, 

Medvedev (2018) outlined the tasks of the economic policy of Russia. 

In modern conditions, neural network models and artificial intelligence systems play an increasingly 

important role in solving the problems of evaluation and management of the financial risk, in particular, in 

financial forecasting (Koenecke & Gajewar, 2019). Curriculum learning in deep neural networks for 

financial forecasting. In Workshop on Mining Data for Financial Applications (pp. 16-31). Springer, 

Cham.2019), predicting sales in electronic commerce (Kui & Can, 2017), computer vision systems for 

automation of technological processes (Sakib et al., 2019), control in the interaction between humans and 

robots (Lathuilière et al., 2017), image recognition (Savchenko, 2017) and other areas. 

Many areas, including the creation and promotion of the data science and analytics, are presented in 

the paper “Methods of Data Intellectual Analysis in Assessment of Economic Security” (Gontar et al., 

2019). Very interesting are the brief studies on advanced information and knowledge processing presented 

by Jain et al. (2019). Today there are many known programs, a huge variety of different platforms and tools 

for analyzing big data. Here are some of them: 

- frameworks (Hadoop, Spark and Storm); 

- databases(Hive, Impala, Presto and Drill); 

- analytical platforms (RapidMiner, IBM SPSS Modeler, KNIME, Qlik Analytics Platform, 

STATISTICA Data Miner, and Informatica Intelligent Data Platform); and 

- other tools (Zookeeper, Flume, IBM Watson Analytics, Dell EMC Analytic Insights Module, 

Windows Azure HDInsight, Microsoft Azure Machine Learning and so on). 

The Hadoop platform is an open-source framework that makes the application be divided into 

several fragments so that each of the obtained fragments is processed in any node (computer or “node”) of 

the cluster of the computing system developed (Lomakin et al., 2020). 

BaseGroup Labs developed Deductor—an analytical platform, most popular analysis algorithms 

(decision trees, neural networks, self-organizing maps etc.) are embedded into; there are also dozens of 

visualization techniques and many data sources/receivers integration provided. 

The Deductor platform allows  

 - retrieving data from different sources, consolidate the data in a single storage and display them in 

the form of reports and OLAP cubes; 

- recognizing hidden patterns and evaluating the quality of models using DataMining; and 
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- segmentation of objects to be analyzed, identifying target markets and optimizing the work with 

consumers, for the resources being used more rationally. 

2. Methods 

2.1. Analysis, modeling, study and generalization 

The investigation applied monograph and analytical methods, artificial intelligence, design-

constructive procedure, data quantization, “decision tree”, as well as analysis, modeling, study and 

generalization. 

In order to develop the model, we used statistical data reflecting the development of the economic 

sphere and the financial sector of Russia quarterly for the period from 2015 to 2018, as well as individual 

parameters of the global economy, including the US dollar and VIX-Index. 

Taking into account the data on statistics and domestic financial system for the period of 2015-2018, 

a neural network model “decision tree” was formed. The following baseline data (fragment) were used in 

the model “Table 1”. 

 

Table 1.  Baseline data (fragment) 
 GDP billion 

rubles. 
Key 

rate,% 
RTS 
Index 

Innovative 
products., blnRUB 

Costs for 
innovations, blnRUB 

Q1 2018 (from 
March 23, 2018) 

15569.6 7.25 1261.44 852 702 

from 12 February 
2018 15569.6 77.5 1285.47 8850 3351 

Q4 2017 (Dec 18, 
2017) 

92037.2 7.75 1154 3403.1 848 

(from October 30, 
2017) 

61358.1 8.25 1113 2552.3 636 

 

Based on the formula for calculating the variance of net profit of organizations in the real economy, 

the financial risk was calculated quarterly for the period under study “Table 2”. 

 

Table 2.  Calculation of financial risk (variance) 
Brent 
oil, $ 

Key 
rate,% 

Balanced profit, 
blnRUB 

The 
average 

x2-x1 (x2-x1)2 Dispersion Sigma 

7.25 7.25 2.5 6.0733 --3.57 12.76 7.593 2.8 
7.5 77.5 1.7 6.0733 - 4.37 19.12 7.234 2.7 
7.75 7.75 9.3 6.0733 3.22 10.41 7.301 2.7 
8.25 8.25 8.5 6.0733 2.42 5.88 7.493 2.7 
8.5 9 7.4 6.0733 1.32 1.76 7.674 2.8 

 

The study found the key rate of the Central Bank to be an important factor that ensured the 

stabilization of financial risk arising from the volatility of net profit of organizations in the real sector of 

the economy “Figure 1”. 
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 The influence of the factor’s dynamics on financial risk 

In turn, the key rate is a tool that regulated the effects of external factors, such as the oil price and 

ensured a balanced economic system in the face of market uncertainty “Figure 2”. 

 

 

 Key rate and profit dynamics depending on the oil prices 

Thus, financial risk is an important factor underlying the balance of economic and financial sectors 

in order to achieve stable development of the country. 

It seems appropriate to consider the dynamics of the financial risk parameters in more detail, using 

the VaR-method. Essential parameters, i.e. mathematical expectation, standard deviation, quantile and VaR 

were preliminary calculated in Excel “Figure 3”. 
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 Values of financial risk parameters at the end of the period analyzed (Q1 2018) 

Based on the data obtained, a VaR-histogram of the financial risk resulting from the volatility of the 

consolidated profit of organizations in the real economy of Russian was calculated and Excel plotted 

“Figure 4”. 

 

 

 The VaR-histogram 

In order to develop a neural network model “decision tree” for predicting financial risk, it seemed 

appropriate to calculate the following parameters: Pt+1, Pt+5, VaR(t+1)%, VaR(t+1) blnRUB, VaR(t+5)%, 

VaR(t+5) blnRUB, quantile, mathematical expectation and standard deviation for each timeframe (Q) 

“Table 3”. 

 

Table 3.  Baseline data for the neural network model “decision tree” 
Profit, 

blnRUB 
ʳ,% Pt+1 Pt+5 VaR 

(t+1)% 
VaR 

(t+1), rub 
VaR 

(t+5), rub 
Prognos VaR 

(t+1), rub 
2.5 0.385 5.571 9.367 0.801 3.07 6.86 3.07 
1.7 -1.693 3.788 6.370 0.801 2.08 4.67 2.09 
9.3 0.089 20.725 34.848 0.801 11.42 25.54 11.43 
8.5 0.138 18.942 31.851 0.801 10.44 23.35 10.44 

 

The data obtained were processed by the neural network using the data quantization method in the 

Deductor program “Table 4”. 
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Table 4.  The data quantized by the neural network 
Profit, 

blnRUB 
ʳ,% Pt+1 VaR 

(t+5), rub 
Prognos VaR 

(t+1), rub 
from 2.5 

before 9.3 
from 0.385 from 5.571  

before 20.72 
from 6.86 before 

25.54 
from 3.07 before 

11.42 
before 2.5 before 0.089 BEFORE 5.571 before 6.867 before 3.07 
from 9.3 rom 0.089 

before0.385 
FROM 20.725 from 25.54 from 11.43 

from 2.5 
before 9.3 

rom 0.089 
before0.385 

FROM5.571BEFORE20.72 from 6.86 before 
25.54 

from 3.07 before 
11.42 

 

The “Quantization” handler in the Deductor program allowed splitting the range of a numerical 

feature into a given number of intervals. Quantization can be used to reduce the dimensionality of data, 

namely, to reduce the number of various values of the factor (Quantization). 

The structure of the tree consists of “leaves” and “branches”. The edges (“branches”) of the decision 

tree contain the attributes the objective function depends on, the values of the objective function are written 

in the “leaves,” and the attributes that distinguish cases are written in other nodes. To conduct a new 

classification, it is necessary to go down the tree to the leaf and issue the corresponding value. The decision 

trees of that kind are widely used in data mining because their goal is to create a model that predicts the 

value of the target variable based on several input variables “Figure 5”. 

 

 

 Schematic representation of the “decision tree” 

Processing the data of the neural network model in Deductor resulted in obtaining the “decision 

tree” program. A peculiarity differential of the neural network model obtained was that the range of values 

of the predicted financial risk VaR (t+1) blnRUB was divided into three intervals with the values of up to 

3.0714, from 11.4257 and from 3.0714 to 11.4257 “Table 5”. 

 

Table 5.  Ranges of values of the financial risk VaR (t+1) to be predicted 
PROGNOS VaR 

(T+1), RUB 
Classified 

BEFORE 3.071 FROM 11.425 FROM 3.071 BEFORE 11.425 
BEFORE 3.071   1 
FROM 11.425   1 
FROM 3.071 

BEFORE 11.425 
  2 

Total 0 0 4 
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Using the “What-if” function in the Deductor program, it was not difficult to obtain the predicted 

values of the financial risk, with the model input parameters being applied “Figure 6”. 

 

 

 Forecast for the financial risk VaR (t + 1) 

The forecast values of financial risk obtained ware summarized in “Table 6”. 

 

Table 6.  Forecast values of financial risk 
Risk, blnRUB Sigma, σ P(t+1) VaR(t+1) VaR(t+5) 

2.8 0.38 5.57 3.07 6.86 
2.7 -1.69 3.78 2.08 4.67 
2.7 0.089 20.73 11.42 25.54 
2.7 0.1385 18.94 10.44 23.35 

 

The “decision tree” neural network allowed obtaining a wide range of predicted values of financial 

risk to support managerial decision-making in conditions of market uncertainty “Figure 7”. 

 

 

 Predicted values of financial risk P (t+1), VaR (t+1) and VaR (t+5) 
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3. Results and discussion 

3.1. A forecast of financial risk for organizations of Russian real economy 

The aim of the study was to put forward and prove the hypothesis that the neural network makes it 

possible to develop a forecast of financial risk for organizations of Russian real economy. The theoretical 

foundations of the VaR-method for the risk index calculation have been considered.   

3.2. The “decision tree” neural network  

A hypothesis that the “decision tree” neural network enables obtaining a forecast of the extent of 

loss resulting from the financial risk has been put forward and proved. The relevance is due to the fact that 

in a “turbulent” economy, there is an increase in volatility in the parameters of the balanced profit of the 

Russian real economy, while the artificial intelligence systems applied to predict financial risk using the 

VaR method is important. The solution proposed is of great practical importance, since the AI-system 

developed provides support for managerial decision-making in terms of the balanced development of the 

real economy and financial sector. 

4. Discussion 

4.1. Value at Risk (VaR) method  

The results of this study correlate with the experience of other scientists. Theoretical foundations of 

the Value at Risk (VaR) method based on the determination of the functional relationship between the risk 

probability and external factors were investigated. A hypothesis that the “decision tree” neural network 

enables obtaining a forecast of the extent of loss resulting from the financial risk has been put forward and 

proved.  

4.2. The “decision tree” for predict financial risk 

The “decision tree”is widely used to support managerial decision-making, in particular, to predict 

financial risk. The “decision tree” (also “classification tree” or “regression tree”) is a decision support tool 

used in machine learning, data analysis and statistics (Decision tree) and other (VAR calculation based on 

the GARCH model -1.1, 2019). Noteworthy is the study of Eason et al. (1955) regarding the product of 

Bessel functions. 

Basic conceptual approaches were considered in order to reduce risk, ensure balance of the financial 

and economic system and increase the sustainability of the Russian economy, in particular, in the context 

of economic transformation. 
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4.3. The Main trends in risk management 

Main trends in risk management of certain elements of the financial and economic system in the 

context of digitalization were identified. Main factors affecting the financial risk of organizations in the 

real economy of Russian conditions of market uncertainty were studied. 

Main trends in the use of artificial intelligence systems in various fields of activity were studied. 

Profit dynamics of organizations in the Russian real economy was analyzed. The estimation of loss from 

financial risk caused by volatility especially matters in conditions of market uncertainty. The solution 

proposed is of great practical importance, since the AI-system developed provides support for managerial 

decision-making in terms of the balanced development of the real economy and financial sector. 

5. Conclusions 

Based on the study conducted, we can draw the following conclusions. 

Firstly, the “decision tree” neural network allows visualization of data obtained from the VaR-

analysis. Of great practical importance are the P (t+1), VAR (t+1) and VAR (t+5) parameters that 

characterize the value of actual financial risk and risk for the ensuing quarter (time frame). 

Secondly, managing financial risk by a neural network is important. 

Thirdly, the hypothesis proposed was proved, i.e., the “decision tree” neural network allows 

investigating and predicting the risk for the net profit of organizations in the real economy. 

Fourth, the theoretical foundations for the artificial intelligence systems being applied in the 

processing of Big Data were investigated. A huge variety of different programs, platforms and tools 

available were considered with respect to the big data analysis and machine learning. A bench marking 

study of the capabilities of the Hadoop framework and the Deductor analytic platform was performed. 

Fifth, for the growth of the digital economy, it is necessary to use more neural networks and stimulate 

the application of artificial intelligence systems to support decisions-making in the field of financial risk 

management. Greater government involvement should be achieved in the digitalization of the economy, so 

that information technologies are more actively implemented in all sectors. 
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