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Abstract. The break of connections in economic systems results in imbalance and a theoretical possibility of a threat 
for their development. This raises the issue of finding an effective mechanism for economic security in general and 
financial security in particular, which are important elements of how macroeconomic components work. The purpose 
of the study is to develop models that allow assessing the impact of an energy “shock” on financial security indicators, 
to identify the threshold values of exogenous variables at which the “shock” has a destructive influence on the level of 
financial security and can lead to the financial system destabilization. The work uses a branched structure of scientific 
methods which consist of theoretical and empirical research of the financial security for macroeconomic systems. The 
main results of this work are devoted to the consideration of the problem of how to design effective mechanisms for 
ensuring financial security under the conditions of exogenous “shocks” of the global economy. It considers the concept of 
“shock” and gives the examples of the impact of “shocks” on macroeconomic indicators. The work highlights the energy 
“shock” as dominant for the analysis and formation of an effective macroeconomic stability policy. The information area 
of research features is substantiated, including BRENT oil price data and indicators of monetary and currency security, 
such as the rate of inflation and the exchange rate. Emphasis on subsystems of monetary credit and currency security is 
made due to the importance of these channels of crisis infection in order to ensure financial security. The value of the 
lag in the model is substantiated with the help of information criteria; evaluation and testing of the quality of the model 
have been carried out; system stability has been assessed based on the impulse response function, the TVAR model has 
been developed. The areas of change of the exogenous variable reflecting the statistically significant impact of the energy 
“shock” on the rate of inflation are analyzed. Thus, the obtained results made it possible to identify the regimes of energy 
security, which become a channel of infection of the financial sphere and a significant increase in the level of inflation. 
Practical significance includes the versatility and applicability of the evaluation approach for research due to the ability 
to use the entire algorithm as a complete ensemble of models. The results of this material can be used in the formation of 
government financial security policies and reactions to destabilizing external influences
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 INTRODUCTION
The current stage of economic development is character-
ized by strengthening globalization processes. The latter 
carry a number of advantages and, at the same time, pose new 
threats and risks that require an adequate adaptation of exist-
ing management systems to ensure sustainable functioning 

and development of macroeconomic systems. Thus, as a met-
ric of increasing the efficiency of production and economic 
systems functioning as a result of globalization processes, we 
can single out the graphical exponential model of the world 
economy growth observed in the last 30 years (Fig. 1) [1].
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b) Dynamics of Gross National Income per capita in the period 
of 1985-2019

a) Dynamics of Gross Domestic Product per capita in the period 
of 1960-2020

Figure 1. Factors of improving the general well-being of the global population expressed in income terms

Source: [1]

The exponential growth model of the world economy 
has become possible due to the high mobility of labor and cap-
ital resulting from globalization, the speed of innovation, etc. 
At the same time, due to the lack of formal borders the 
global economy creates new types of risks and threats, which, 
at a certain point, can lead to an increase in the probability 
of “shocks” which are understood as extraordinary stimuli 
(factors) that make conditions for a sharp change in the 
modes of how economic systems work and lead to desta-
bilization. In economic sphere, the expansion of “shocks” 

happens with the help of channels of distribution, where 
trade, information and financial channels are most often 
seen. As shown by numerous studies, the financial chan-
nel plays the key role since its “shocks” lead to the lasting 
negative security fluctuations and the formation of crisis 
situations. This raises the question of how the “shocks” in-
fluence the financial security indicators of macroeconomic 
systems [2]. Figure 2 shows the application of the impact of 
different “shocks” on the indicators of economic security, 
namely, financial security of macro-regions.

a) Inflation in the Eurozone, the period of 2008-2022 b) The level of the world unemployment, the period of 1990-2020
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c) the level of the world rate of GDP growth, the period of 1960-2020.

Figure 2. The impact of “shock” on certain macroeconomic indicators

Source: [3; 4]

The period of 2022 is characterized by the energy 
“shock” produced by the disruption of standard supply 
chains of raw materials, the restrictions in the movement 
of payments and capital investments, the international 

isolation of territories that were the main suppliers of en-
ergy resources in past years. The increased impact of the 
energy “shock” is confirmed by the dynamics of the price 
per barrel of BRENT oil shown in Figure 3.
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In the current conditions, one of the urgent tasks 
of financial security management is the assessment of the 
impact of the energy “shock” on the dynamics of financial 
security indicators, the scenario analysis of its possible 
consequences in order to choose adequate tools for ensuring 
macroeconomic stability.

When evaluating [5], it should be emphasized that 
in the first quarter of 2022, the so-called energy “shock” 
took place in the world economy resulted from the change 
in the situation on international markets. The key supplier 
of energy resources, the Russian Federation, as a result of 
the military invasion into Ukraine, found itself under in-
ternational economic sanctions and significantly reduced 
the export of oil, gas and other resources. In such condi-
tions, there was a significant decrease in supply of energy 
resources due to the lack of adequate replacement of the 
reduced energy carriers, that, in its turn, brought about an 
increase in demand and prices.

Also, in 2020, as an exit measure from the interna-
tional lockdown caused by COVID-19, the world financial 
system was given a boost to economic growth. These infu-
sions made it possible the prognosticated effect of renewal, 
though, the surplus of money resulted in the incremental 
rise in inflationary pressures.

Thus, the prices for energy resources and inflation 
have resonated. This work reconsiders the hypothesis about 
a significant impact of “shock” in energy security on the pace 
of inflation expectations.

 LITERATURE REVIEW
A significant number of publications are dedicated to 
the financial security of macroeconomic systems both in 
Ukrainian and foreign scientific literature. The author 
M.  Ermoshenko [6] sees financial security as the state of
financial and credit system of the country, the balance
between all financial instruments and draws attention to
the mandatory condition of being resistant to the influ-
ence of destabilizing factors. P. Mekshun [7] emphasized
the combination of economic and financial security, where
the specified elements are accepted as parts for the forma-
tion of sustainable development and general well-being. 
As the analysis of the sources showed, special attention
is paid to the implementation of the system of indicators
in the formation of financial security mechanisms, for ex-
ample, the source [8]. Some of the foreign authors try to

describe financial security through a retrospective view 
of crisis phenomena [9], the study of systemic risk in the 
markets [10]. However, the most widespread vision of the 
formation of mechanisms for ensuring the financial security 
of macroeconomic systems can be found in combination 
with economic and mathematical methods. Thus, the au-
thor O. Faryna [11] considers financial security through the 
prism of financial stability; uses a vector model to diagnose 
the stability of Ukraine’s financial security. In the work of 
Yu. Bazhenova [12], the research focus is on the formation 
of a dynamic stochastic model of economic equilibrium 
that takes into account the impact of monetary and fiscal 
policies on the security of the country as a whole. The team 
of authors led by L. Guryanova [13] dwelled on the applica-
tion of VAR (Vector Autoregressive Model) and ECM (Error 
Correction Model) to analyze the effects of the impact of 
“shocks” on the economic and financial security of macro-
regions through the justification of the system of indica-
tors and the formation of a comprehensive assessment of 
security levels. Works of scientists [14; 15] investigate the 
possibility of using TVP-VAR models to assess the conse-
quences of the impact of “shocks”.

Summarizing the analysis of scientific viewpoints, 
we should mention the unconditional effectiveness of the 
approaches proposed by the authors and the prospects of 
using various modifications of VAR-modeling technologies 
to study the impact of “shocks” on indicators of financial 
security [16; 17]. At the same time, it should be noted that 
the existing viewpoints do not fully consider the issue of 
assessing the impact of energy “shock” [18; 19] on indica-
tors of financial security, therefore the model evaluation 
apparatus has been improved. Furthermore, a new theoretical 
and practical approach to the combination of the model basis 
has been developed.

The purpose of the study is to develop models that 
allow assessing the impact of an energy “shock” on indi-
cators of financial security, to identify threshold values of 
exogenous variables at which the “shock” has a destructive 
nature on the level of financial security and can lead to 
destabilization of the financial system.

 MATERIALS AND METHODS
As mentioned above, the VAR model is an effective tool for 
building a model of the dynamics of financial security in-
dicators. The choice of this mathematical toolkit is due to 

Figure 3. Graphical interpretation of the energy “shock” in BRENT oil prices in US dollars

Source: [5]
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the possibility of modeling interdependent variables eval-
uating the impact of “shocks” on economic dynamics. Con-
struction of the VAR model includes the following stages: 
checking time series for stationarity using the Dickey-Fuller 
test; determining the order of integration and adjustment 
of variables; testing for the nature of causal relationships 
based on the Granger test; evaluation and determination of 
the order (lag) of the VAR model; construction of impulse 
functions, decomposition of variances and assessment of 
system stability [20]. The work uses such a modification of 
the VAR model as the TVAR model (Threshold Vector Au-
toregressive Model) that allows determining the threshold 
values of exogenous indicators which, when exceeded, will 
lead to the destructive impact of “shocks” on the financial 
security of economic systems.

In order to estimate the energy “shock” it is pro-
posed to select data on the cost of the most important re-
source of this type – oil, or more precisely – the cost of 1 
barrel of BRENT oil for the monthly periods from January 
2012 to March 2022 [5]. As financial security indicators we 
consider monetary and currency security indicators (infla-
tion rates and the value of the dollar exchange rate) since it 
is exactly the currency security that remains the main critical 

subsystem of financial security for the national economy if 
we turn to countries with developing economies [21-23]. Data 
processing has been carried out in the EViews environment.

At the stages of the preliminary analysis, the time 
series have been tested for stationarity, have been trans-
formed and then analyzed for the presence of two-way 
causal relationships. The presence of significant relation-
ships has been confirmed. The created VAR model includes 
three factors: the rate of inflation (INFLATION_LEVEL), 
the dollar exchange rate (EXCHANGE_RATE), the price of 
one barrel of BRENT oil (BRENT_PRICE). The results of its 
implementation are considered below.

 Results and Discussion
Figure 4 features the definition of the lag order of the model 
which is based on the analysis of various statistical crite-
ria [24; 25]. Statistics of the value of the logarithmic prob-
ability (LogL), modified linear regression (LR), final predic-
tion error (FPE), Akaike information criteria (AIC), Schwartz 
(SC) and Hannan-Quinn (HQ) have been considered [26; 27]. 
Optimal values marked with (*) are automatically selected 
for each of the criteria. Thus, it is determined that the lag 
which should be taken into account in the model, equals 3.

Figure 4. Determination of the VAR model lag order 

Source: author’s calculation.

Figure 5 presents the quality criteria of the de-
veloped vector autoregression model. The coefficients 
of determination (R-squared) for the variables INFLA-
TION_LEVEL, EXCHANGE_RATE and BRENT_PRICE are 
close to 1, which indicates the statistical significance of 

the model. The values of Fisher’s test (F-statistic), which 
exceed those in the table, confirm the adequacy of the 
developed model. The information criteria of Akaike and 
Schwartz also show good prognostic properties of the 
model (Fig. 5) [20].

Figure 5. Results of building a vector autoregression model

Source: author’s calculation

a) alignment of the VAR model b) quality criteria
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Figure 6 presents the accuracy criteria of the fore-
cast obtained on the basis of the VAR model. Thus, the 
value of the average absolute percentage error of the 
model (MAPE) for the identified factors is less than 10% 
which corresponds to high forecasting accuracy. Figure 7 

presents the result of constructing an impulse function 
which shows the response of variables in response to a 
“shock” – a change in the random component of the time 
series of the price of one barrel of oil by one standard 
deviation.

Figure 6. Predictive characteristics of the VAR model

Source: author’s calculation

Figure 7. Graphs of impulse functions

Source: author’s calculation

The data of Figure 7 allow us to confirm the hypoth-
esis about the significant impact of the energy “shock” on 
such indicators of financial security as the inflation rate 
and the exchange rate. Then, the hypothesis that this in-
fluence is differentiated at different threshold values of 

the exogenous variable has been put forward. We used the 
TVAR model to test the hypothesis. Figure 8 shows the pa-
rameters of the developed threshold vector autoregression 
where the price of BRENT oil per barrel is presented as a 
threshold value.

Figure 8. The result of building the TVAR model
Source: author’s calculation
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Among the obtained results of the threshold vector 
atoregression, the greatest practical value belongs to the 
ones where the inflation and exchange rate parameters are 
statistically significant. This condition corresponds to the 
range where BRENT_PRICE > $83.37. That is, if the price of oil 
is higher than the specified numerical value, then there is a 
statistically significant change in inflation and the dollar ex-
change rate. Thus, the TVAR model allows us to determine the 
threshold value of the cost of energy resources which, when 
exceeded, can lead to a destabilizing effect on the financial 
system and become a threat to monetary and currency security.

Drawing parallels with works [28-30], we can talk 
about the implementation of an atypical approach to as-
sessing the financial security of macroeconomic systems. 
In works [31; 32], the authors provide a vision of the global 
economy through the use of macroeconomic modeling 
that implements generalized calculation algorithms. 
Sources  [33-35], on the other hand, have common key 
features with this work, but local systems of economic in-
dicators are considered without reference to global mac-
roeconomic shifts. This paper presents a study of a sepa-
rate “shock” in the energy sector, which is quite difficult to 
predict using standard approaches of VAR or ECM models. 

Therefore, the chosen implementation strategy definitely 
has made it possible to obtain significant practical results 
of forecasting macroeconomic parameters.

CONCLUSIONS
The paper explores the possibilities of using the TVAR 
model (Threshold Vector Autoregressive Model) to assess 
the impact of an energy “shock” on indicators of financial 
security, in particular, on monetary and currency security. 
The model has been tested on the data of the country rep-
resenting a cluster of countries with a developing economy. 
The results of modeling made it possible to identify critical 
modes of energy security which are becoming a channel of 
infection that the crisis may spread in the financial sphere 
and the cause of a significant increase in the level of infla-
tion. The determined threshold values of prices for energy 
resources can be used as a marker in the development of 
energy policy which makes it possible to ensure macro-
economic stability. The prospect of further research is the 
development of ways to use a list of exogenous variables 
for testing subsystems of financial security for manifesta-
tions of various types of “shocks” and the implementation 
of scenario analysis of macroeconomic systems behavior.
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TVAR-моделі індикаторів фінансової безпеки 
макроекономічних систем: оцінка впливу енергетичного “шоку”
Владислав Олександрович Полянський

Харківський національний економічний університет імені Семена Кузнеця
61166, просп. Науки, 9А, м. Харків, Україна

Анотація. При порушенні зв’язків в економічних системах виникає розбалансування та існує теоретична 
ймовірність загрозливого стану для їх розвитку. Звідси постає питання проблематики пошуку ефективного 
механізму економічної безпеки загалом та фінансової безпеки зокрема є важливими елементами роботи 
макроекономічних складових. Метою дослідження є розробка моделей, що дозволяють оцінити вплив енергетичного 
«шоку» на індикатори фінансової безпеки, виявити порогові значення екзогенних змінних, при яких «шок» має 
деструктивний характер на рівень фінансової безпеки та може призвести до дестабілізації фінансової системи. 
У роботі використано розгалужену структуру наукових методів, які полягають у теоретичному та емпіричному 
дослідженні фінансової безпеки макроекономічних систем. Основні результати роботи присвячені розгляду 
проблеми проектування ефективних механізмів забезпечення фінансової безпеки за умов дії екзогенних «шоків» 
глобальної економіки. Розглянуто поняття «шоку», наведено приклади впливу «шоків» на макроекономічні 
індикатори. У роботі виділено енергетичний «шок» як домінантний для аналізу та формування ефективної 
політики макроекономічної стабільності. Обґрунтовано інформаційний простір ознак дослідження, що включає 
дані ціни на нафту марки BRENT та такі індикатори грошово-кредитної та валютної безпеки, як темп інфляції 
та валютний курс. Акцент на підсистемах грошово-кредитної та валютної безпеки зроблено через значущість 
даних каналів інфікування кризою задля забезпечення фінансової безпеки. Обґрунтовано величину лага в моделі 
за допомогою інформаційних критеріїв; проведено оцінювання та тестування якості моделі; здійснено оцінку 
стабільності системи на основі функції імпульсних відгуків, розроблено TVAR-модель. Проаналізовано галузі зміни 
екзогенної змінної, що відображають статистично значущий вплив енергетичного «шоку» на темп інфляції. Таким 
чином, отримані результати дозволили виділити режими енергетичної безпеки, які стають каналом інфікування 
фінансової сфери та суттєвого зростання рівня інфляції. Практична значущість включає універсальність та 
можливість застосування підходу оцінки для досліджень через можливість використовувати увесь алгоритм як 
повноцінний ансамбль моделей. Результати даного матеріалу можуть використані при формуванні державних 
політик фінансової безпеки та реакції на дестабілізуючі зовнішні впливи
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