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ABSTRACT

The Regulation of the National Bank of Ukraine on Risk Management in Ukrainian Banks
stipulates that this Regulation obliges banks to use the VaR methodology to assess
market risk. The article shows that VaR is the absolute maximum amount of losses of
the market investment portfolio due to fluctuations in prices for financial instruments
during a certain fixed period of time (VaR horizon) in normal market conditions at a
given level of confidence level (confidence level). A study of the Value at Risk method-
ology as the absolute maximum size of market investment portfolio losses due to price
fluctuations in financial instruments during a certain fixed period of time (VaR horizon)
in normal market conditions for a given level of confidence level (confidence level). It
was found that there are three main methods of VaR: parametric VaR, or delta normal
VaR, historical method, or historical simulation, Monte Carlo, or simulation and other
methods and models. The parametric VaR method, or the delta-normal VaR method, is
based on the assumption of a normal distribution of a random variable. This means that
the data are distributed according to the normal distribution law, ie you can calculate
the mean and standard deviation. It is proved that these two indicators are the basis of
VaR by the parametric method. It is shown that nonparametric VaR methods do not
require the hypothesis of normal distribution. Therefore, the form of distribution is de-
termined by empirical data, and percentiles are stored as empirical percentiles of the
historical distribution of profitability. The article considers the nonparametric VaR
method in comparison with the parametric one on a practical example. It is proved that
in the domestic scientific literature there is little research on the practical application of
the VaR method in finance and in particular in banking. Therefore, the practical aspects
of applying different VaR models to the NBU exchange rate data are demonstrated and
conclusions are drawn. It is shown that the practical application of methods is a modern
tool for assessing market risks, but with the expansion of the database, the parameters
of the models should be refined in combination with the economic method. This requires
monitoring and back-testing.

Keywords: market risks, risk assessment, parametric VaR method, non-parametric VaR
method, Monte Carlo method, back-testing, normal distribution
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INTRODUCTION

The method of risk assessment, which was once called Value at risk (Var), has a long
history of application in the financial sector of Western countries, the problem of the
practical application of VaR in Ukraine remains very relevant, especially in the context
of declared regulatory intentions. capital adequacy in the banking sector. At present,
the banking system of Ukraine does not have the regulator's requirements for the ap-
plication of the VaR risk assessment methodology, as well as the fact that the practice
of using this methodology by banks has not been studied. In particular, the issues of
studying the impact of the methodology on the bank's management decisions remain
problematic (it is still unknown in which banks, what types, and how often it is used, as
well as the consequences of this methodology on banking management). Therefore, it
is important to clarify the use of this methodology in order to provide recommendations
to the regulator to formulate regulatory requirements for banks on the use of VaR.
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LITERATURE REVIEW

In the classical theory of economic risk by J. Mile and N. Senior, risk is identified with the mathematical expectations of
losses that may occur as a result of the chosen solution [1]. That is, the risk arises in the form of damage caused by the
implementation of this decision. This approach, however, is rather one-sided, so other definitions of risk have been for-
mulated.

Thus, in the 1930s, economists A. Marshall and A. Pigou developed the foundations of the neoclassical theory of economic
risk, according to which the subject of economic activity operates in conditions of uncertainty, and his profit is a random
variable [2]. Therefore, the entity in its activities should be guided by two criteria: the size of the expected profit and the
magnitude of its possible fluctuations. The Value at Risk (VaR) methodology is a fundamental foundation in risk manage-
ment in both the European Union and the United States. This methodology is to estimate the probability of possible
changes in the market value of the asset.

Analysis of research and publications indicates that Western scientific thought has extensively and deeply researched
existing VAR algorithms, identified the conditions for its application, pointed out the existing advantages and disad-
vantages, and continues to seek its improvement. Among the most well-known researchers and promoters of VAR are F.
Jorion, Professor of Finance at the School of Finance [3], Paul Merage at the University of California (USA) and Head of
Risk Management at PAAMCO, K. Alexander, Professor of Finance at the University of Sussex (UK) and Managing Editor of
Banking Affairs and Finance [4], M. Chaudry is the former Head of Treasury Business in the Global Banking and Markets
division of the Royal Bank of Scotland[5]. The list of researchers is certainly not limited to these individuals, but it is their
publications and scientific articles, in our opinion, that once gave a significant impetus to disseminate knowledge about
VAR and launch a global debate on the development and improvement of both individual methods and general financial
risk management.

The leading role in the methodology of banking risk analysis belongs to the materials of the Basel Committee, which
provide general recommendations on the methodology of risk analysis in banks. Domestic scientific thought is also trying
to keep up with global trends, although it lacks basic research and cooperation with practical business [6]. Analysis of
articles and seminar materials on the banking system shows that the topic of the practical application of VaR, although
reflected in the professional environment but mostly limited to a general description of the concept without an in-depth
analysis of assumptions and prerequisites for VAR, disadvantages and advantages, application statistics, features actions
of the methodology in the local market.

Despite the fact that the methodology for risk assessment, which was once called Value at risk (Var), has a long history
of application in the financial sector of Western countries, the problem of the practical application of VaR in Ukraine remains
very relevant, especially in the context of declared regulatory intentions to introduce best practices in capital adequacy
regulation in the banking sector[7]. At present, the banking system of Ukraine does not have the regulator's requirements
for the application of the VaR risk assessment methodology, as well as the fact that the practice of using this methodology
by banks has not been studied. In particular, the issues of studying the impact of the methodology on the bank's man-
agement decisions remain problematic (it is still unknown in which banks, what types, and how often it is used, as well as
the consequences of this methodology on banking management) [8]. Therefore, it is important to clarify the use of this
methodology to provide recommendations to the regulator to formulate regulatory requirements for banks on the use of
VaR. The experience of the banking system of Ukraine shows that the uncontrolled application of the VaR methodology
affects its general condition. In the previous article “Some aspects of historical application of Var we showed one of the
approaches on a specific example to the method of calculating VaR"” and outlines the features of its use.

AIMS

The aim of the article is to demonstrate three main methods for estimating VaR: parametric, historical, and Monte Carlo
method (simulation method), as well as to identify their advantages and disadvantages.

The methodological basis of the study is statistical methods of analysis and modeling. To solve the problem posed in the
article, general and special research methods were used, namely: statistical analysis (to determine advanced methods for
measuring currency risk), system-structural analysis and comparative analysis (to determine the main comparative char-
acteristics of analytical methods) of calculation "Value at stake, Var".
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RESULTS

VaR is the absolute maximum amount of losses of the market investment portfolio due to fluctuations in the price of
financial instruments during a certain fixed period (VaR horizon) in normal market conditions at a given level of confidence
level (confidence level). The following methods are used to estimate VaR in world banking practice: parametric, which also
has several other names (variational-covariance, analytical), historical, and Monte Carlo method (simulation method). The
main features of these methods are presented in table 1

Table 1. Analysis of the most common calculation methods "Value at risk, Var". (Source: Compiled by the authors based on data)

Method name

Author

The main steps of building a model

Advantages

Disadvantages

Parametric / normal /
delta-normal / varia-
tional-covariance  /
analytical. (Paramet-
ric VaR)

JPMorgan (1994)

Risk Metrics meth-
odology

Selection of the observation window,
Calculation of logarithms of yields,
Calculation of standard deviations,
Construction of a correlation matrix,
Construction of the matrix of covariances,
Construction of asset vector.

Calculation of VaR by methods of matrix alge-
bra (Markovitz portfolio theory approach)

Ease of estimating pa-
rameters and aggregat-
ing estimates for the as-
set portfolio

It is not realistic to assume
that the return on assets is
distributed normally.

The possibility of underes-
timating the risk due to
asymmetry and acute api-
cal excess.

The possibility of underes-
timating the risk due to
non-stationary distribution
parameters.

Historical VaR / his-
torical simulation
method (HS VaR)

J.P. Morgan (1994)

Risk Metrics meth-
odology

Select the observation window
Calculation of historical returns

Calculation of historical P&L based on asset
data and their historical returns and deductions

P&L aggregation into a compatible distribution

Calculation of VaR based on the i-th selected
distribution percentile (the presence of short
positions is taken into account through the po-
sition sign)

The model does not de-
pend on the form of dis-
tribution, does not re-
quire evaluation of pa-
rameters, its implemen-
tation is quite simple

Critical dependence of the
realism of the model esti-
mates on the "depth of the
historical window"

Monte Carlo simula-
tion
(MC VaR)

J.P. Morgan (1994)

Risk Metrics meth-
odology

Calculation of drift and volatility based on his-
torical returns

Calculation of the correlation matrix of assets

Choice of the form of distribution of a random
variable and calculation of a matrix of random
variables

Generation of multiple scenarios of stochastic
values of asset prices taking into account their
correlation and calculation of simulated value of
positions

Calculate VaR as the difference between the
current portfolio value and the simulated value
per selected lower i quantile (for long positions)
/ as the difference between the current portfo-
lio value and the simulated value per selected
upper i quantile (for short positions), or as the
sum of the value differences for long and short
positions

Flexible and natural
consideration of asym-
metry, increased ex-
cess, correlation and
non-linear relationship
between portfolio asset
prices

possibility of application
for portfolios of complex
nature

Dependence of realism of
estimates on the choice of
the simulated distribution
form (high model risk)

As can be seen from the table, the parametric VaR method or the delta-normal VaR method is based on the assumption
of a normal distribution of a random variable. This means that the data is distributed according to the normal distribution
law, that is, you can calculate the average value and standard deviation. These two indicators are the basis of VaR by the
parametric method. According to the concepts of risk management, market risk is the risk of losses in financial markets as
a result of price movements or changes. Therefore, the subject of market risk research is the mathematical expression of
price changes according to the formula:

Pt
In 1
Pt-1 ( )
where p — is the price of the asset.
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In accordance with the basics of statistics, each price change is a random variable; a significant number of observations
is the basis for the formation of the frequency distribution, allowing statistical analysis and revealing the patterns of this
distribution. The parametric method is based on the normal distribution, i.e. the data used must have a normal distribution
(Gaussian distribution). If the data does not fit this distribution, then we will not be able to fit it. We use periodic returns
for the period 2016, In-2-, In order to verify the reliability of the assumption of a normal distribution, we will carry out

Dt-1

the following studies. Our null hypothesis is that our sample is normal or conforms to the normal distribution law. If our
data do not match this distribution, we cannot approximate them. We will conduct a sample survey using statistical tests.
Null hypothesis - our sample is normal or corresponds to the normal distribution law.
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Figure 1. Combination of imperial data histogram and theoretical curve of normal distribution.
(Compiled by the authors based on calculations)
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Figure 2. Graphical representation of the distribution (Graph Q-Q, quantile-quantile graph).
(Compiled by the authors based on calculations)
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Table 2. Test data using statistical techniques.

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
VAR00001 177 238 000 918 238 000

a — Lilliefors Significance Correction

According to calculations, the value of p-value is the probability that there is no difference between the theoretical normal
distribution and the empirical distribution. As can be seen from the table, the value of the test, or p-value, is 0.000
(Significant = 0.000). This means that the probability that the difference between the theoretical curve and our data is
extremely low and close to zero. The graphical representation of the distribution shows that the distribution is generally
symmetric (does not have a pronounced asymmetry), but has a positive "sharp" distribution, which is 2 times greater than
the excess that is characteristic of a normal distribution. Empirical data do not exactly coincide with the line of normal
distribution but do not deviate much from it. Thus, this distribution may belong to one of the super-Gaussian distributions
— it is not completely normal but does not deviate much from it. Therefore, we can use the parametric method, because
visual methods showed signs of normal distribution and VaR — the total risk of impairment of the asset, expressed in dollars
or in the base currency.

VaR — the maximum loss of the value of an asset or portfolio of assets with a certain confidence probability and a certain
time horizon of holding the position.

VaR = v x (x — Z X o) Q)

where v is the value of the asset (quantity X price), x —is the average value of the asset; Z —quantile of standard normal
distribution; o —standard deviation.

7 = Hx 3)

g

This figure shows how much x; deviates from the mean and is expressed in standard deviations (o). The standard deviation
is a statistical measure of risk and is based on the formula:

_ h@rbz
o= =" 4

And the greater this value, the greater the degree of risk.

VaR is a measure of risk that shows the maximum amount of money an asset can lose over a period with a given confidence
level. Accordingly, VaR also suggests that the loss in portfolio value during this time period will be less than this value with
some probability. Confidence probability can be defined as an indicator of how many times out of every 100 times the loss
in value of an asset will not exceed this level. Therefore, VaR is designed to answer the following question: "What can be
the maximum loss in the value of the portfolio, for example, in 95% of cases during the next day?" The level of trust
probability is set in advance and depends on the nature of the company or asset. It is usually 95% or 99%. It should be
emphasized that the choice of one or another level of confidence probability does not indicate the investor's attitude to
risk, as VaR is only a certain point in the distribution of expected results of portfolio profitability. As already mentioned,
VaR assesses market risk, so it allows you to quantify the expected losses in the value of the portfolio in the "normal
conditions" of the market.

The properties of the normal standardized distribution are the fact that within the deviation of one standard deviation from
the average will be observed 68% of the values of the random variable, and within the deviation of two standard deviations
from the mean will be observed 95% of the values of the random variable, etc. As a result, there is a relationship between
the degree to which a random variable deviates from its mean and the corresponding cumulative probability of finding
that value within that variance. Mathematically, this connection is expressed as a quantile.
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Table 3. Cumulative probabilities of normal distribution for the most commonly used VaR quantiles. (Compiled by the authors based on
calculations)

Probability (X<Z) 1,0% 5% 10,0%

The value of the quantile (Z) -2,326 -1,645 -1,282

Nonparametric VaR methods do not require the normal distribution hypothesis. Therefore, the form of distribution is
determined by empirical data, and percentiles are stored as empirical percentiles of the historical distribution of profitability.

The bootstrapping model refers to non-parametric methods and is the generation of a random sample on limited data.
Moreover, each actual observation for 2016 with equal probability can be included in the sample of bootstrap. Since we
use data only for the period of 2016 and make calculations, we will test the data for 2017 - the first half of 2018, which is
an important period in the formation of the foreign exchange market in the post-crisis period. According to these data, we
generated 1000 bootstrap scenarios (random samples) based on the actual sample. In our study, we used exchange rate
data for 2016, as this period is characterized by the largest fluctuations in exchange rates over the past 10 years. For each
bootstrap scenario, we found 5 percentiles and found an average of 5 percentiles per 1,000 units. This value is a risk
assessment.

The Monte Carlo method is a rather poorly formalized method that has no rigid limitations. The analysis uses data gener-
ation to simulate data from the general population. After a large number of repetitions, the saved results well mimic the
real distribution of the sample.

Table 4. The results of VaR calculations by three methods. (Compiled by the authors based on calculations)

. Historical method
Parametric method (bootstrap -method) Monte Carlo method

Risk assessment -0,0103905 -0,01009 -0,012291
Number of cases that exceed the

. 3 3 3

risk assessment

Number of back-testing observa- 341 341 341

tions 2017 - first half of 2018

As can be seen from the table, the risk assessment by the parametric method is -0.0103905. This means that in 95% of
cases out of 100 fluctuations in profitability will be within -0.103905. The risk assessment by the second method is an
average of 5 percentiles for each bootstrap scenario and is -0.01009, according to the Monte Carlo method is -0.012291
and is an average of 5 percentiles for each of the 1000 scenarios. The results of back-testing for the period 2017-first half
of 2018 showed that in only 3 cases the yield fell below our risk assessment for 342 days of observations of the second
method and the Monte Carlo Method also 3 cases, respectively. This is in line with the requirements of the Basel Committee.

DISCUSSION

VaR assessment is a fundamental tool within market risk management. Practitioners and researchers should be familiar
with the concept of its calculation and the types of methodologies available. It should also be borne in mind that the
effective use of VaR can be achieved not in isolation, but only in combination with VaR with other financial risk management
tools.

CONCLUSIONS

The practical application of the methods shows that VaR methods are modern tools for assessing market risks, but with
the expansion of the database, the parameters of the models should be refined in combination with the economic method.
This requires monitoring and back-testing.

The main task of supervisors in Ukraine is to increase the participation of bank employees in the processes of bank
management and increase their awareness of issues related to risk management and control. Therefore, banks must take
organizational and control measures for each type of risk. In our opinion, this approach is part of a more general strategy
for regulating banks, organizations and internal control systems, which is designed to ensure effective and integrated
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management. A more detailed overall strategy for internal risk assessment serves to calculate capital adequacy, so the
effective use of such systems in banking operations for capital supervision is a condition for their recognition and integra-
tion.

REFERENCES / NNITEPATYPA

1.  Wilson, Fred. "John Stuart Mill: Political Economy". 5. Choudhry M. An introduction to value-at-risk /
Stanford Encyclopedia of Philosophy. Retrieved 4 Moorad Choudhry., 2006. — 171 c.
May 2009 6. Basel II: International Convergence of Capital
2. Marshall A. The pure theory of foreign trade and the Measurement and Capital Standards: A Revised
pure theory of domestic values. 1879. Framework — Comprehensive Version //

3. Jorion P. Value at risk. The new benchmark for 777777
managing financial risk / Philippe Jorion. — USA: The 7. Pro banky ta bankivsku diialnist: Zakon Ukrainy vid

McGraw-Hill Companies, 2007. — 602 c. 07.12.2000 N¢Q 2121-3 // zakon.rada.gov.ua.

4.  Alexander C. Market Models / Carol Alexander. — 8.  Vitlinskyi V.V. Analiz, otsinka i modeliuvannia
Chichester: John Wiley and Sons, Ltd,, 2002. — 494 ekonomichnoho ryzyku: Navch. posibnyk. — K.:
C. DemiUR, 2007. — 212 s.

lMasmok O. O., MenbHuk T. M.

AHANI3 HAWUMOLUMPEHILWWIX METOAIB PO3PAXYHKY «VALUE AT RISK, VAR»

MonoxxeHHsIM HauioHanbHoro 6aHKy YKpaiHvu nNpo ynpaesiHHSA pu3nKaMm B YKpaiHCbKMX 6aHkax BU3Ha4eHo, Wwo HauioHa-
NbHUIA BaHK YkpaiHn 3060B'A3ye 6aHKM BUKOPUCTOBYBATM MeToAonorito VaR ans ouiHKM pUHKOBOro pusuky. Y cTaTTi no-
Ka3aHo, Wwo VaR — ue abconoTHa MakcMMarnbHa CcyMa BTpaT MopTdens pUHKOBMX iHBECTULIM Yyepe3 KOMMBaHHS LiH Ha
(hiHaHCOBI IHCTPYMEHTM MpOTAroM neBHOro dikcoBaHoro nepioay (ropu3oHT VaR) y 3BMYaMHUX PUHKOBKMX YMOBaxX Mpwu
3afaHoMy piBHi aosipu (piBHi gosipw). [ocnigxeHo metogosnorito Value at Risk sik abcontoTHOro MakcMmanbHOro posmipy
BTPaT PUHKOBOMO iHBECTULIIMHOIO NnopTdens Yepe3 KoNMBaHHS LiH Ha ¢iHaHCOBI iHCTPYMEHTU NPOTAroM NeBHOro ¢ikco-
BaHoro nepioay (ropusoHT VaR) y 3BMYalHUX PUHKOBMX YMOBAX [I1si 3a[1aHOro piBHA AoBipu (piBeHb AoBipw). Byno Buss-
NEHO, WO iCHYE TpU OCHOBHI MeToau VaR: napameTpuyHuin VaR, abo aenbTa-HopManbHuii VaR, ictopuynuin Metoa, abo
icTopnuHe MoaentoBaHHs, MoHTe-Kapno, abo MoaentoBaHHA Ta iHWi MeToau 1 moaeni. MapameTpuyHuin Metoa VaR, abo
JenbTa-HopMasibHUii MeToa VaR, 3acHOBaHWI Ha NpuUMyLLEHHI HOPMarbHOMO PO3MOAiNY BUMAAaKoBOI BENNUYMHK. Lle o3Ha-
YaeE, WO AaHi po3noainsiTbCs 3a 3aKOHOM HOpPMasibHOro po3noginy, To6To MOXHa 064YMCIMTY cepeaHE Ta CTaHZapTHe
BigXuneHHs. JoseaeHo, WO Ui ABa NOKAa3HWKKN € OCHOBOK VaR napamMeTpuyHnM MeTofoM. MNokasaHo, Wo HenapaMmeTpuyHi
MeTtoam VaR He noTpebytoTb rinoTesn HopManbHOro po3nodiny. Omxe, dopMa po3nodiny BU3HAYAETbCA eMNipUYHUMKM Aa-
HWMWK, @ NpoueHTWNI 36epiraloTbCs K eMNipUYHi NPOLEHTUAI ICTOPUYHOMO po3noginy NpubyTKOBOCTI. Y CTaTTi pO3risiHYTO
HerapameTpuyHuii MeToz VaR y MOpiBHSIHHI 3 MapaMeTPUYHUM Ha MPAKTUYHOMY Mpukniagi. [oBeAeHO, WO Y BITYMBHSIHIN
HayKOBIl NiTepaTypi Maso A0CNiAXEHb LOAO NPAKTUYHOr0 3acToCyBaHHS MeToay VaR y diHaHcax i, 30kpeMa, Y 6aHKiBCbKil
cnpagi. TOX NPOINOCTPOBAHO MPaKTUYHI aCMeKTU 3aCTOCYBaHHS pi3HMX Mogenel VaR Ha faHux BantoTHoro kypcy HBY Ta
3pobneHo BUCHOBKW. MNoKa3aHo, WO NpaKTUYHE 3aCTOCYBAaHHS METOAIB € CYYaCHUM IHCTPYMEHTOM OLLIHKW PUHKOBUX pU3u-
KiB, afne 3 po3LWNpeHHsIM 6a3un faHWX NapaMeTpu Moaenei HeobxiAHO YTOUYHIOBATH B MOEAHAHHI 3 EKOHOMIYHUM METOAOM.
[ns uboro NOTPI6EH MOHITOPUHT | 6eK-TeCTyBaHHS.

KniouoBi cnoBa: pWHKOBI pU3MKKM, OLHKA PU3MKY, MapaMeTpuuHuii Metoa VaR, HemnapameTpuuHuii metog VaR,
MeToa MoHTe-Kapso, 6eKk-TeCTyBaHHSI, HOpMasbHUIA po3nogin
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