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Introduction. Due to nonlinear character of economic dynamics, business in the world has to be
pursued in constantly growing uncertainty and volatility of market environment. This is reflected in
unpredictable course and rate of the financial and economic crises, increasing the volatility of financial
markets and rapid transformational changes in market conjuncture [1]. Therefore, the problems of evaluation
and managing of business risks in the last two decades have become some of the most critical in the activity
of enterprises, financial institutions, etc.

Literature analysis. Currently, the generally accepted methodology of risk evaluation that was
developed by financial institutions of western economic system and the regulatory bodies [2,3, etc.] is a
Value-at-Risk approach (VaR) [4,5]. However, VaR methodology can only be applicable for stable markets
evaluation. This methodology does not adequately reflect the value of risk when markets undergoing rapid
and (or) abrupt changes under crisis-considered conditions.

Problem statement. Moreover, the model curves of probability distribution of financial and economic
indicators changes used in most existing relevant VaR evaluation methods, are not always appropriately
describe the realities of business in modern non-linear economy dynamics. For instance, it is well known [6]
that, such distribution curves are asymmetrical and leptokurtic (sharp peaks and fat tail risk curve). However,
normal distribution curves (under the Risk Metrics™ method) are symmetrical with zero kurtosis. Pareto-
Levy distribution curves (considered under the hypothesis of fractal market [6,7] or in most nonlinear
stochastic models GARCH [8] are leptokurtic but they have no asymmetry.

Results and discussion. We proposed the novel method based on VaR methodology to evaluate
business risks. This method can be applicable to describe the stable markets, and also to describe nonlinear
dynamic economic processes. Such economic processes include fleeting (even abrupt economic changes and
crises).

In this paper, computer simulation of the time series of the expected revenue evolution is considered
as a result of enterprise business in non-linear stochastic market environment. Calculations were carried out
in according with the synergetic Lorenz model [9]:
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Here [ - the revenue of the company at the moment ¢ as the function of the demand Q for goods
(services) which offered by enterprise on the market; F' — the function of enterprise production which
determines the efficiency of conversion costs of various types of resources into the relevant products; p - the
conditional price of goods (services), which generally represents a complex function which depends on

multiple external and internal factors of nonlinear market environment. Accordingly, 1, F', p — represent

the rate of change (time derivatives) and O, /i - system parameters, which depend on the velocity of the
changes /, F, p under the effect of deterministic (sudden or permanent) pe and stochastic factors f (t ) of
the nonlinear market environment.

It should be noted that the value of the control parameter pe in system (1) can describe deterministic
effect of market factors of any nature, for example, changes in the market opportunities, targeted alterations
of financial market by government or other institutions (credit rate, exchange rate, tax system etc.), impact of

military operations on the market, sudden force majeure, the introduction of innovative technologies,
changes in consumer preferences and standards, etc.

Thus, the parameter & (l‘ ) in the system (1) describes the effect of stochastic factors of the business

environment which represent an additional source of business risks. It was assumed that & (t ) changes

depend on the normal distribution and this parameter affects dynamic variables 7, F, p equally. Modeling of
corresponding time series was carried out by computer simulation method using MathCAD software taking
in account the following initial values of the dynamic variables and parameters of the system (in arbitrary

units): 1, = 0,01, Fy, = 0,01, pp = 0,01, 5=5, h=2,5, observation time ¢ = (0...150). We modeled stochastic
and deterministic nonlinear effect of market environment on the evolution of the system (1) by simulation of
different values of the control parameters, namely the amplitude of Gaussian noise D [10] and pe,

accordingly. We selected values pe that corresponded to the transitions of the system (1) from a point of

bifurcation to the stationary fixed state and the deterministic chaos state (i.e. economic crisis). We used
obtained time trends data to determine the parameters of probability distribution curves of the expected

revenue / in according with [5], namely the skewness coefficient £ and kurtosis 6. We analyzed
probability distribution curves for expected revenue in case of nonlinear deterministic trend of the company
activity evolution (i.e. during the transition from a fixed point bifurcation to the equilibrium state (D = 0))
and we found that these curves are characterized by asymmetry (ﬂ * 0) and they have

leptokurtosis (9 > 0). For example, there are positive asymmetry for pe =35 (ﬂ > 0) and negative
asymmetry (ﬂ < 0) for pe = 12 for these curves. Interestingly, we observed disappearance of asymmetry

and leptokurtosis on probability distribution curves / when we taken in account the additional effect of
stochastic nonlinear market environment factors (/) # 0) on the financial and economic activity of the
enterprise. The results of computer simulation of the company evolution at the system (1) transiting from the
bifurcation point to the state of chaos (economic crisis, pe = 37) show that probability distribution curves

for expected revenue are characterized by small values of asymmetry and leptokurtosis.

We used non-financial corporations’ example to demonstrate the application of proposed synergistic
method for business risks evaluation in a VaR framework. For these corporations, the majority of assets are
illiquid, and the main risk relates to changes in operating cash flows. Therefore, a key cost parameter in this
case is the Cash-Flow at Risk (C-FaR) [11]. The time horizon of the forecast for calculating C-FaR is usually
longer than time window for VaR evaluation for financial institutions, namely, between one and twenty
quarters [11]. The basic financial risk factors and non-financial corporation specific factors which affect
operating cash flows (i.e. changes in demand for the company products, competitive pricing, innovation and
technology) have been often used to calculate the C-FaR.

To generate histograms showing a frequency distribution of expected revenue / we used numerical
data obtained in the analysis of time series for system (1) and its elements were taken as follows:
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Density plots of normalized frequency distribution of expected revenue were built using standard
functions in MathCAD for different time series (2). These time series were generated by computer

simulation of the system evolution (1) taking into account different values of deterministic Pe and
stochastic & (t ) nonlinear factors of the market environment. This normalization was performed per unit at
maximum density. To be specific, the number of histogram distribution segments was chosen equal to ten in
all cases.

The next step was required to determine the quantitative characteristics of business risk. This value
was obtained by plotting of approximate function describing the distribution density of enterprise expected

revenue P(x) which fitted the best into these distribution histograms. In general, the distribution curves
could be asymmetric. Therefore, the approximate function is proposed as follows:

_ ay

x_a3

+ a; -e : (3)

- - - -+ 4+ 4+
where dl , A2, d3,4d4,4,,0d,,d;,d, -the approximation parameters for the left hand (-) and for

- +
the right side (+) of the distribution curves, respectively. We postulate that @3 = @3 in (3) and these

values are correspond to the enterprise expected revenue with maximum probability. For example, Figure 1
shows density function of the normalized probability distributions of expected earnings as the results of
computer simulation time trends of company evolution in system (1). Here histograms - normalized
frequency distribution of expected revenue for time series (2), solid line - approximate functions according to
(3); points - normal (Gaussian) distributionthe histograms built for pe=5, D =0 (Fig. 1a)and pe=51D =
5 (Fig. 1b).

This analysis shows that there is a good agreement between the results of numerical approximations
and corresponding histograms in all cases. This proves that an approximate function in (3) has been chosen
correctly. Moreover, we performed the histogram approximation by classic method using the Pearson
distribution [12]. The results obtained with Pearson distribution give markedly worse approximation than the
results obtained with the function (3).
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Figure 1 — Density function of the normalized probability distributions of expected earnings as the
results of simulation time trends of company evolution in system (1), authoring.
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Next, we performed a renormalization of the density function of probability distribution of expected
revenue P (x ) per unit area under the curve in the form of

Bloy=, T )
P(x)dx

Q—

where a, b — corresponding integration limits, and then we calculated the cumulative function of probability
distribution of expected revenue using the following formula:

F(x)= I]B(x)dx . (5)

Fig.2 shows an example of functions ﬁ(x) (solid line) and F (X) (points) for time series trend

changes in expected revenue for pe=5and D=0,1, 1 - mode.
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Figure 2 — Probability distribution of enterprise expected revenue I derived from computer simulation
of time trends of the company evolution in according with model system (1), normalized per unit area (for

pe = 5 and D=0,1), authoring.

Thus, the described method allows the adequate estimation of VaR value taking into account the
asymmetry and fat tail risk curve in the real time without using historical data. This method based on an
analysis of the distribution curve (4) and (5) obtained in simulation studies of time trends in the evolution of

system (1), and it allows to perform evaluation of VaR values for potential losses in revenue (VaR_) as
well as the possible gain in revenue (VaR + ) In addition, in some cases quantitative comparison VaR_
and VaR + could generate the additional information for managers to make the most optimal management

decisions related to enterprise financial and economic activities.
According to mentioned above, the maximum possible value of expected cash loss with confiding

probability level (1 - ) at the same time horizon of the forecast VaR l—a) (see Fig.2) is defined as
follows:

VaR"%) = F(a)= [ P(x)ix | ©)

I
Q—RQ

where F’ (05) - quantile of level « for cumulative function of probability expected revenue according to (5).

Then, the value of the maximum possible expected earnings with confiding probability level (1 - 05)

at the same time horizon of the forecast VaR (_1|_—a) (see Fig. 2) is equal to quantile of level (l -a ) for

cumulative function of probability expected revenue F (l—a) according to (5) and was calculated as

follows:
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We also propose to use the semi-variance method [13] and the value of semi-standard deviation from
mode (SSV_) and (SSV_|_) (as the quantitative risk measures possible losses and gain in revenue,

accordingly) to evaluate absolute values of the risk of losses and earnings which resulted from the proper
financial-economic activity of enterprise.

Table 1 — Parameters of the business risks evaluation by method (1) — (7) in the frameworks VaR
methodology (in arbitrary units), authoring..

< = g g . N (1-a)
Q R - 2 8 Confiding probability level , %
8 2 s © E-EN AN 99 97.5 95
g |Es £ |83 |38
8 < & 5 g |23
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= = 9 s g = < < < < < <
2 c o s g s g + + : +
§ =5 2 ? 3 ? 9 % % 5 3 & =
2 g2 2 g E ha SO N SN SN
A < 7] (% % ~ ~
0 0...50 1,03 1,08 4,60 | 4,55 | 3,30 | 3,05 | 2,41 | 2,04
5 0,1 0...50 L15 0,90 2,75 | 1,95 | 2,31 | 1,51 | 1,95 | 1,16
5 0...50 0,89 1,12 2,80 | 2,20 | 2,27 | 1,89 | 1,85 | 1,61
0 0...150 0,88 1,19 5,17 | 6,24 | 3,70 | 4,33 | 2,66 | 2,92
12 0,1 0...150 0,91 1,11 4,81 | 6,44 | 3,46 | 4,51 | 2,51 | 3,05
5 0...150 1,11 0,91 2,17 | 2,50 | 1,87 | 2,08 | 1,60 | 1,73
37 0 0...150 1,08 0,93 221 | 1,99 | 1,90 | 1,71 | 1,62 | 1,46
5 0...150 1.19 0,83 2,20 | 2,33 | 1,89 , 1,62 | 1,65

On the Tablel we can see the results of the business risks evaluation by proposed method (1) — (7) in
the frameworks VaR methodology.

Conclusions. In the frameworks of the Value-at-Risk (VaR) methodology the novel method for
business risks evaluation is proposed. This method can be applicable for the stable markets analysis as well
as for description of nonlinear dynamics in economic processes including crisis-related economical changes.
This method is based on computer simulation studies of the business evolution in according to the synergistic
model of generalized Lorenz system. This approach allows performing the adequate estimation of VaR value
taking into account the asymmetry and fat tail risk curve in the real time without using historical data. We
can evaluate the parameters of business risks to predict not only possible losses, but also potential gain in the
enterprise revenue with using proposed method.
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ABSTRACT

Danchuk V.D., Kozak L.S., Danchuk M.V. Estimation of business activity risks in the conditions of
synergistic development for the economic. Economics and management on transport. — Kyiv. National
Transport University. 2015. — Vol. 1.

In this paper is proposed an original method for business risks evaluation within the VaR
methodology. This method may be applicable not only to describe stable markets, but also for nonlinear
dynamic economic processes and crisis. This approach is based on computer simulation studies of a business
evolution by synergetic model of Lorenz system. Presented method allows adequate estimation of VaR-value
taking into account an asymmetry and fat tail risk curve in real time mode without using historical
information.

KEYWORDS: VALUE-at-RISK METHODOLOGY, BUSINESS RISK, RISK CURVE, LORENZ
SYNERGETIC MODEL.

PE®EPAT
Hanuyk B.JI. Ouinka pu3uKiB HiIIPHEMHUIBKOT AiSUTBHOCTI B yMOBAaX CHHEPIeTHYHOTO XapakTepy
po3Butky exonomiku / B.JI. Hanuyk, JI.C. Kozak, M.B. [lanuyk // EkoHOMiKa Ta yrpaBIliHHS Ha TPAHCIOPTI.
—K.: HTY, 2015. — Bum. 1.
B pamkax wmeromosorii VaR 3ampomoHOBaHO OpUTriHAJIBHUA METOJ OIIHKM HapaMeTpiB
MIPUEMHHIIBKIX PU3UKIB, SIKUH MOXKe OyTH 3aCTOCOBHHM HE TLIBKH ISl ONKCY CTAOUTFHUX PUHKIB, ajie i

63



repebiry HemHINHO TUHAMIYHUX (CHHEPTeTHYHUX) €KOHOMIYHHUX IIPOIlECiB, KpU30BUX sABHII. lleit meTon
0a3yeThcsl Ha TPOBEIEHHI YHCENBHHUX IMITAIMHUX IOCTIHKEHDb C€BOJIOMII MiATIPUEMHHUIIBKO MisITEHOCTI
3TiIHO cHHEepTreTHdHOoi Moneni cuctemu Jlopenma. [IpencraBiaeHuii MeTox JO3BOJISE 3MIMCHIOBATH aIeKBaTHI
OIiHKK BenmnuuHU VaR, ceMmikBampaTHYHUX BiIXWJICHb BiJl MOIW 3 ypaxyBaHHIM acHUMETpii Ta CTYIICHIO
“Ba)KKOCTI” XBOCTIB KPHBUX PHU3HUKY B PEXKUMI peaTbHOTO Yacy 0€3 BUKOPUCTAHHS ICTOPUYHHUX BiTOMOCTEH.

KJIIOYOBI CJIOBA: METOJIOJOITS VALUE-at-RISK, ITIJIIPUEMHHUILIBKUN PU3UK,
KPUBA PU3UKY, CUHEPTETUYHA MOJEJIb JIOPEHLIA.

PEOEPAT

Hanuyx B./l. Onienka pucKoB NpeANpUHUMATEIbCKONW AEATEIbHOCTH B YCIOBUSIX CHHEPTeTHYECKOTO
xapakrepa pa3putus skoHomuku / B.Jl. Jlanuyk, JI.C. Ko3ak, M.B. Jlanuyk // DkOHOMUKA W yIpaBJICHUE Ha
tpancmopte. — K.: HTY, 2015. — Bem. 1.

B pamkax metomonormn VaR mpeasiokeH OpUTHHAIBHBIA METOJ OIEHKH IpeNlpUHUMATENTbCKUX
PHUCKOB, KOTOPBIH MOXXET OBITh MPUMEHUM HE TOJIBKO ISl OMMCAHUS CTAOMIBHBIX PHIHKOB, HO M HEJIMHEHHO
JUHAMHYECKUX (CHHEPreTHYeCKHX) DKOHOMHYECKHMX IMPOIECCOB, KPHU3HCHBIX SIBICHHH. OTOT METO[
0azupyeTcs Ha MPOBEACHNH YHCICHHBIX WMHUTALMOHHBIX HUCCIIEIOBaHUHI BOJIOLMK HPEAPUHUMATEILCKON
JIESITEIbHOCTH COTJIaCHO CHHEpreTuueckoil Monenu cucteMsl Jlopenua. [lpeacraBieHHbI METO MO3BOIISIET
OCYIIECTBIISTH aJI€KBaTHHIE OLIEHKH BEIMYMHBI VaR, ceMHUKBaIpaTHYECKUX OTKJIOHEHHUI OT MOJBI C YUETOM
aCUMMETPUHM M CTeNeHH "TsHKECTH"' XBOCTOB KPHMBBIX pHCKa B pEeXHME pealbHOr0 BpeMeHH 0e3
HCIIOJIb30BaHMs HCTOPUYECKHUX CBEICHUI. .

KIIFOUEBBIE CJIOBA: METOJIOIT'MA VALUE-at-RISK, ITPEAIIPUHUMATEJIbCKMM PUCK,
KPUBAS PUCKA, CUHEPTETUYECKAA MOJIEJIb JIOPEHIIA.
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