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THE ECONOMIC-MATHEMATICAL MODEL OF RISK ANALYSIS IN AGRICULTURE
IN CONDITIONS OF UNCERTAINTY

Abstract. The use of automatic information systems for risk analysis from other countries in
Ukraine is extremely difficult due to the lack of databases on factors affecting risk, not only at the
regional but also at the state level. Therefore, it became necessary to create an economic-
mathematical model for information processing, including incomplete data, on factors affecting
risks for use in the agricultural sector of Ukraine. Such a model was formalized, created and tested.

The developed economic-mathematical model of the risk analysis system presupposes the
necessity of preliminary statement of the task by an expert in the field of agriculture and further
automatic work of the software complex adapted to the conditions of use by specialists in economic
and mathematical modeling.

Because of there are mostly no databases in Ukraine on factors affecting risks, it is needful
to evaluate and use incomplete data or data for limited time intervals.

One of the components of the algorithm is the method of simulation. The automatic infor-
mation system for risk analysis generates so-called pseudo-random sequences and gradually verifies
the reliability of their description of each of the risks named by the expert, specific to this particular
task for the farms. Such a method has already been tested on tasks whose solution was faced with a
lack of statistical information, and the impossibility of using analytical methods.

Reducing the execution time of the task is facilitated by the formation of a library of work-
ing arrays, which accumulates during the operation of an automatic risk analysis system.

Reducing the time of the task is facilitated by the formation of library tool working arrays,
which accumulates during the operation of the automatic risk analysis system.

To simplify the processing of incoming information and work out calculations, it is suggest-
ed to use a parametric model.

This method was borrowed from the experience of using gert-networks.

To test the effectiveness of the developed algorithm, a risk calculation has been made for
farms that grow cereals, legumes and sunflowers. The results of the calculation showed reliable
values of risk factors.

It was determined which of the risks is more significant for the producers of these agricul-
tural products.

Keywords: risk management, risk analysis, economic and mathematical model, systems of
support and decision-making, software complex, imitation design.
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EKOHOMIKO-MATEMATUYHA MOJEJIb AHAJII3Y PU3UKIB Y CIJIbBCBKOMY
IoOClHIOJAPCTBI B YMOBAX HEBU3HAYEHOCTI

AHoTauisi. Bukopucranus anpoOOBaHMX B iHIIMX KpaiHaX aBTOMATHYHHUX iH(OpMaIiiHUX
CHCTEM aHaji3y pU3WKiB B YKpaiHi € BKpall yCKIIaJIHEHUM BiJCYTHICTIO 0a3 maHuX 3a (pakropamu
BIUIMBY Ha PU3HK HE TUIBKH Ha PETIOHATBHOMY, ajie 1 Ha JEpKaBHOMY PiBHI.

Tomy mocrana HeoOXiAHICTb CTBOPEHHSI E€KOHOMIKO-MaTeMaTU4YHOi Mojeni o0poOku iH(o-
pMmaitlii, BKIIFOYat0ud HETIOBHI J1aH1 Mo (aKTopaM BIJIMBY Ha PU3UKH, ISl BAKOPUCTAHHS B CUIBCHKO-
roCHoJapchKiit ramy3i YKpaiHu.

Taxy Mozens ¢popmaltizoBaHO, CTBOPEHO Ta arpoOOBaHO.

Po3pobieHa ekoHOMiIKO-MaTeMaTHYHA MOJIS)Ib CUCTEMH aHaIi3y PH3UKIB Iepeadoadae Heoo-
X1HICTh MONEPEIHBOT MOCTAHOBKHU 33/1a4l €KCIIEPTOM B rally3l CUIbCHKOI'O FOCIOAApCTBA 1 MO1ab-
Iy aBTOMaTU4HY POOOTY MPOrpaMHOr0 KOMILIEKCY, aalTOBAaHOTO O YMOB BUKOPUCTaHHS (axiB-
IIMHU 3 €EKOHOMIKO-MaTeMaTUYHOTI'O MOJIEJTIOBAHHS.

Ockinpku B YKpaiHi epeBaXKHO BiACYTHI 0a3u JaHUX 3a (aKTOpaMu BIUIMBY Ha PU3UKU Iie-
pendadaeThes OLIHKA Ta BUKOPUCTAHHS HEMOBHUX JAHUX UM JIAHHUX 32 OOMEXEHi IHTEepBaIH Yacy.

OpHi€ro 3 CKIAOBHX AITOPUTMY € METO/T IMITAI[IHHOTO MOJICITIOBaHHS. ABTOMaTUYHA iH]O-
pMariiiiHa cucTema aHaii3y pU3UKiB FeHepye TakK 3BaHi NICEBAOBUIIAKOBI MOCTIIOBHOCTI Ta MOETa-
ITHO TepeBipsi€ TOCTOBIPHICTh IX OMUCY KOXKHOI'O 3 Ha3BaHUX EKCIEPTOM PHU3HUKIB, MPUTAMAHHHUX
caMe LIl KOHKPETHIM 3aaaui s arponignpuemMctBa. Takuil MeTon Oyno Bxke anpoOOBaHO HA 3a/1a-
yax, BUPILUICHHS SIKUX 31TKHYJIO0CS 3 HECTAU€l0 CTaTUCTUYHOI 1H(popMallii, Ta HEMOKIIMBICTIO 3aCTO-
CYBAaHHS aHAJTITUYHUX METO/IIB.

3MEeHILIEeHHS! HEOO0X1IHOTO pecypcy OOUMCIIOBaIbHOI TEXHIKM JJIi BUKOHAHHS 3ajadl IoJie-
riyeThest (OPMYBaHHAM JOMOMIKHOI 010J110TeKH poOOYMX MACHUBIB, KA HAKOMUYYETHCS MijJ 4Yac
POOOTH MPOrPaMHOI0 KOMITJIEKCY aHaji3y PU3HUKIB.

Jns coporieHHs: 00poOKH BX11HOT iH(OpMaIIii Ta BiAIpaIIOBaHH PO3PAXYHKIB 3aIPOIOHO-
BaHO MapaMETPUIHY MOJIEIb.

L MmeToMKa 3amo3nyueHa 3 TOCBi Ty BUKOPUCTAHHS Zert-Mepex.

Jlnis mepeBipku €peKTUBHOCTI poOOTH PO3pOOIIEHOr0 aIrOpuTMY HMPOBEIEHUIN PO3paxyHOK
PHU3UKIB U (hpepMepChbKUX IOCHOJApCTB, 110 BUPOUIYIOTh 3€PHOBI, 36pHOO0O0BI KYJIBTYpH Ta CO-
HAITHUK. Pe3ynpTaT po3paxyHKy MOKa3adu JOCTOBIPHI 3HaueHHs Koe]ilieHTiB pu3uKy. BusHaue-
HO, SIK1 3 PU3HKIB € O17IbIII BATOMUMH JIJ1s1 BAPOOHUKIB BKAa3aHUX arpOKYIbTYP.

KuiouoBi ciioBa: pusnk-MeHEHKMEHT, aHA3 PHU3UKIB, EKOHOMIKO-MaTeMaTU4Ha MOJCIIb,
MpOrpaMHUN KOMILJIEKC, IMITAIlliTHE MOIEITIOBAHHS.

®opmyn: 5; puc.: 1; Tabmn.: 1; 616m1.: 19.
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9KOHOMUKO-MATEMATHUYECKAS MOAEJIb AHAJIMN3A PUCKOB B CEJIbCKOM
XO3AVCTBE B YCJOBHUAX HEONPEJAEJIEHHOCTH

AnHoTanus. Vcnonb3oBaHue anmpoOMPOBAaHHBIX B JIPYTMX CTpaHaX aBTOMATHUYECKUX HH-
(OpMaIMOHHBIX CHCTEM aHAJIM3a PHUCKOB B YKpPaWHE YPE3BBIUAIHO OCIOKHEHO BBUIY OTCYTCTBHS
0a3 JaHHBIX 1O (paKTOpaM, BIUSIONIMM Ha PUCK, U HE TOJIBKO Ha PErHOHAIBLHOM, HO M Ha TOCYAap-
CTBEHHOM ypoBHE. [lo3TOMYy BO3HHKIA HEOOXOAMMOCTH CO3JaHHUS SKOHOMHKO-MATEMaTHYEeCKOU
Moien 00paboTKK HHPOpPMAIIHH, BKITIOYas HEMOJIHBIC TaHHBIC, 10 (akTopam, BIHSIONINM Ha PHC-
KM JUIS MCTIOJIb30BAHUS B CEIbCKOXO3SMCTBEHHON oTpaciu YKpauHbl. Takas mMonenb Gpopmainso-
BaHa, CO3/IaHa M anpoOUpOBaHa.

OpnHOM W3 COCTABNSAIOIIUX AITOPUTMA SIBISIETCS METOJ MMHUTALMOHHOTO MOJAETUPOBAHUSI.
ABTomarmueckas WH(HOPMAIMOHHAS CHCTEMa aHAlIM3a PUCKOB T'€HEPHPYET TaK HA3bIBAEMBIC TICEB-
JOCTy4aitHbIe IMOCIIeIOBATEILHOCTH M TIOTAITHO MPOBEPSET TOCTOBEPHOCTH OMTUCAHMS UMH KaXKI0-
r0 U3 Ha3BaHHBIX 3KCIICPTOM PUCKOB, MPUCYITUX UMEHHO 3TOW KOHKPETHOW 3a/iade W ONpe/eiicH-
HOTO arpomnpeAnpusTus. Takoil MeTon ObUT yXe anpoOMpOBaH Ha 3a/lavyax, PEUICHHE KOTOPBIX
CTOJIKHYJIOCh C HEXBATKOW CTATHCTUYECKON MH(OpMAIUK, 1 HEBO3MOXKHOCTHIO MPUMCHCHHS aHa-
JUTHYECKUX METOJIOB.

st mpoBepku 3¢G(HEKTUBHOCTH PabOTHI pa3pabOTAHHOTO aITOPUTMA MPOU3BEACH pacyeT
PUCKOB i (PEPMEPCKHUX XO3SMCTB, BBIPANTUBAIONINX 3€PHOBBIC, 3¢PHOOO0OBBIC KYJIBTYPHI H IO/I-
COJIHEYHHMK. Pe3ynbTaThl pacueTa moka3anu J0CTOBEPHbIC 3HaYCHUsT KO3(DPUIIMEHTOB pUCKa.

KawueBble c10Ba: pUCK-MCHEDKMEHT, aHAJIN3 PUCKOB, SKOHOMHUKO-MaTeMaTH4YeCKas MO-
JIellb, CUCTEMBI MOAJICPKKH U MPUHATUS PEIICHUH, TPOrPaMMHBIA KOMILUIEKC, UMUTAIIMOHHOE MO-
JeTUPOBAHHE.

®opmyn:5; puc.:1; Tadim.:1; 6ubm.: 19.

Introduction. In today's changing economy of Ukraine, it is difficult to predict the effect of
economic decisions in the agricultural sector due to the uncertainty of risks caused by incomplete
information.

The use of automated information systems for risk analysis in the agricultural sector of
Ukraine is faced with the problem of the lack of bases of statistical data on the factors of influence
for most of the risks. Such information was not accumulated not only for decades, according to the
established practice of developed countries, but even, in recent years. Only the database of factors
of natural and climatic risk is available in full. Therefore, the creation of risk analysis systems re-
quires the development of such economic and mathematical models, which could use incomplete
information, and, sometimes, only available "instant" data, that is, at the current time, about the
factors of influence on one or another risk.
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In addition, the creation of automatic risk analysis systems in the agricultural sector is
fraught with the lack of necessary knowledge in economics and mathematics from direct users -
professionals and practitioners in this field. At the same time, knowledge and experience in agricul-
ture is lacking in specialists in mathematics and economics - those who develop automated infor-
mation systems for risk analysis. Therefore, when designing automatic systems for agrarian risk
management, it is necessary to consider the existence of this problem, which will be caused, in par-
ticular, by the difficulties in using such systems by practitioners.

Analysis of research and problem statement. In recent years, many scientists and practi-
tioners have been involved in a detailed analysis of risks at Ukrainian agricultural enterprises and
modeling such risks, as well as minimizing their effects. First of all, such specialists as Chepurko
[1], Ostankova [2], Shevchenko [3], Malik, Matvienko, Andriychuk and others [3]. Some of the
innovations they offered were used in our work.

However, the economic conditions for the functioning of agrarians have their own peculiari-
ties, which greatly complicate the modeling of risks, and it was above them that such scientists as
Colibaba [4], Goryovy, Zbarsky, Aleinikov, Batrak and others [5], Nitsenko, Havrysh [6] worked
on it.

The impact on the production activity of agrarians of factors that are not inherent in econom-
ic activity in other sectors, for example, weather conditions and extremely changing market condi-
tions, increasing the risk of doing business, especially the livelihoods of animals and plants, etc.,
increase the complexity of forecasting, not provided by a detailed elaborated classical theory of
economic risk. Existing widely used economic and mathematical models of risk prediction, even
those that are oriented towards the use of stochastic methods, require complete information on risk
factors [7, 8].

Modern widely used in developed countries, automatic systems use databases of risk factors
that accumulated and systematized for many decades. For example, Decision Support Systems Ex-
pert Business Impact Analysis System not only can calculate the weight ratios of each type of risk,
but also offer the best strategy with the option of an interactive version of the options for such a
strategy [9]. But this program is complemented by a database of probable risks and relevant statisti-
cal information on each type of risk, not only in the global, but also in the regional context.

Similarly, BIA Professional software systems are developed by Strohl Systems, Living Dis-
aster Recovery Planning Systems, Recovery PAC developed by CSCI, etc. [9]. Moreover, there is
even a profile company Deloitte & Touch LLP in the United States that tests software packages to
detect and predict risks. This company checks the quality of the information necessary for the effec-
tive operation of software systems [9]. This indicates that the development of automated infor-
mation systems for risk analysis in the United States is put on stream.

In Ukraine, the risk factors database, in particular in the agricultural sector, is absent not on-
ly at the level of individual regions but also at the national level [9, 10]. This fact requires a com-
plete change in the existing systems of risk forecasting in other countries operating in other coun-
tries in the activities of Ukrainian agrarian producers or changes in approaches to economic and
mathematical risk forecasting [10, 11, 19].

An economically viable method of taking into account incomplete information used by op-
timal planners is the so-called adaptive planning. Due to the adaptability of planning, according to
its developers, it is possible to reduce risks using declared elasticity, agility, flexibility, etc., optimal
planning. But this method, which is more phenomenologically than algorithmic, was rejected by us.
Similarly, all other phenomenological methods were rejected, which most often applied in the case
of incomplete information on variables.

Unsolved aspect of the problem. Apart from our research, the development of an ideology
of the dialogue interface with an expert for replenishing information, the formation of an algorithm
for automatic determination of what information is lacking and the amount of it missing, the elabo-
ration of the algorithm for verifying the expert information to the relevance remains.

Also temporarily stopped work on creation of auxiliary databases and establishing their cor-
rect and effective interaction with the proposed software complex for analyzing agricultural risks.
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The purpose of the article. Development of economic-mathematical model of agricultural
risk analysis, capable of effective work with incomplete information on the parameters influencing
the specified risks.

Research results. During the formation of the algorithm we used some elements of the
method of cyclic network models [3]. This method is intended for use in conditions of uncertainty.
Uncertainty creates, in particular, the existing risks of project implementation.

The study of these methods was made by such scholars as Averbakh, Voropayev, Gelrud
[12]. Formalization of network planning methods was carried out by scientists Posadskaya, Ale-
kseenko, Kazimir and others [13-18]. It was Posadskaya who began to use this method in the tasks
of logistics of agricultural enterprises [18]. Therefore, some of the tested techniques were used for
our work.

Also, for the algorithm of risk analysis elements of the method of random stochastic GERT-
networks, detailed in the works [14-16] were used. Their application makes it possible to use in-
complete in-depth information on received influence factors when passing through branches of a
network GERT-model [15, 16].

Also were analyzed the rather exotic Q-GERT networks described in Pritsker's works [16].
But the accuracy of the results of evaluating the parameters of economic and mathematical models
using this method is not considered satisfactory.

It was found that a significant problem for the chosen algorithm chosen by us, the paramet-
ric model, is the presence of an unknown law of the distribution of the complicated use of the di-
vergent distribution density. Therefore, the task was to solve this problem.

The problem of finding the divergent distribution density of an unknown value was divided
into two subtasks:

1. We must find an appropriate parametric model for the proposed statistical sample that ad-
equately describes it.

2. It is necessary to find its parameters for the chosen parametric model.

The formulation of the problem is rather unusual and complex and for solving them we pro-
pose to use a genetic algorithm.

The optimal stages of the program algorithm developed for solving these problems will be
as follows (see Fig. 1):

The statistical sample is
processed in order to provide
it with a look that is
convenient for the application
of the genetic algorithm

To find the type of distribution

of the statistical sample, a To find the distribution

parameters, the method of
moments is used

multilayered perceptron is
used

Fig.1 An algorithm for a program designed to find the distribution density of an unknown value

This algorithm is universal for different types of distribution, but for simplifying the pro-
cessing of input information and working out calculations, a parametric model is proposed, which
can be written as follows:

X = 31 1
, (1)

(1—1t2)*xa,+ t*a,
where a;, a, - independent values, T — correlation coefficient.
As a factor in evaluating the "quality” of the calculated vector of impacts on the risk of the
proposed economic-mathematical model, we choose the maximum error value

6= max{|6j|} 2
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where j = 1...n, and where, respectively, n — this is the number of iterations, which, as al-

ready indicated, directly depends on the quality of the expert's work in the subject area.

Next, we use the method of risk assessment, developed in the classical work Boehm [8].

According to Boehm, the risk factor depends on the likelihood of a risk and the probable
size of the loss. The probability of risk is calculated as the so-called weighted seven-component
coefficient [8]. This coefficient takes into account the amplitude of the risk factor fluctuations
around its predicted value. Moreover, an increase in the value of a seven-component coefficient
means an increase in the negative impact of the risk factor [8].

Ry = w;*K; 3)
where R; - risk indicator, w; - coefficient of weight of this type of risk, K; - weighted seven-
component coefficient.

The weighting factor for this type of risk is as follows
_ [

Wi = [EJmax 4)
where E;— the coefficient of elasticity of the level of profitability for the corresponding value i-th
risk; [E;]™**— the maximum value of the coefficient of elasticity on the interval of its definition.

The coefficient of elasticity of the level of profitability for the corresponding value of i-th risk
is as

E, =|
t 39;

()
where 9;— instantaneous risk factor.

Some practical results of the pilot test of the proposed economic-mathematical model of in-
formation processing, including the availability of incomplete data on the risk factors, for use in
automatic information systems of risk analysis in the agriculture of Ukraine are given in Table 1.

Calculations were made using the existing economic-mathematical model of risk analysis
for farms producing sunflower seeds. The results obtained for practitioners are presented in Table 1.

Table 1
Results of calculating the risks of reducing the level of yield of sunflower, prices and volumes of its
sale for farms of Ukraine

- - - Numerical | The interval of change
I;Ian;eo;)iitshke Coefl?.ment Coef:;l.(:lent Coef(f)lgent value of the | of the calculated coef-
yp L L L level of risk ficient of risk
Reduce yields 0,15 67,8 0,23 0,1 Weak risk
Eﬁggce the 0,23 58.9 0,19 0,21 Significant risk
Reducing 0,07 336.5 1,05 0,02 Weak risk
sales volumes

Source: own calculations according to the data of the State Statistics Service of Ukraine http://www.ukrstat.gov.ua/.

The intervals for changing the risk factor in Table 1 are classified within the generally ac-
cepted limits of the boundaries as a five-step risk level.

The division of the entire interval of the change in the risk factor into five levels makes it
possible to reduce calculations, prevent accurate determination of the value of risk, if necessary,
limiting the calculations to a qualitative approximate estimate.

Risk at the intervals of the change in the risk factor is indicated as a weak risk (< 0.056);
moderate risk level (0.057 ... 0.100); acceptable level of risk (0,101..0,147); a significant level of
risk (0.148 ... 0.208) and an unacceptable level of risk (> 0.208).

According to the results of the analysis, it has been shown that for farms producing sunflow-
er seeds a more significant risk is the reduction of the sale price; the least significant risk is the re-
duction of sales volumes.

Conclusions. The economic-mathematical model of information processing, including in-
complete information, on risk factors for use in automated information systems for risk analysis in
the field of agriculture, has been formalized and tested in pilot calculations.
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The automatic information system for risk analysis involves not only the preliminary as-
sessment of an expert (or practitioner) in the field of agriculture, but also the use of automatic soft-
ware units created and adapted to the conditions of use by experts in economics and mathematical
modeling.

As there are basically no risk-factor databases in Ukraine, estimating and using incomplete
data or data at significantly reduced time intervals (so-called "instant data™) is foreseen.

For the economic-mathematical model, the method of simulation modeling is used. An au-
tomated risk analysis information system generates so-called pseudorandom sequences and gradual-
ly checks their compliance to describe each of the experts identified in the field of agriculture risks
inherent in that particular task of a particular agro-enterprise. Such a method has previously been
applied to tasks whose solution has been the lack of statistical information, on the one hand, and the
impossibility of their analytical solution, on the other.

Reducing the time of the task helps to form a library of auxiliary arrays, in particular, the da-
tabases of mathematical models that accumulate during the operation of the automatic information
system of risk analysis. This technique is borrowed from the experience of using gert-networks,
where based on equivalent transformations. A parametric model is proposed to simplify the pro-
cessing of incoming information and to work out calculations

To verify the effectiveness of the developed algorithm, an assessment of the risks for farms
that grow sunflower seeds has been carried out. The calculation results showed the value of the risk
factors. It is determined which of the risks are more or less important for manufacturers.
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