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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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ЕКОНОМІКО-МАТЕМАТИЧНА МОДЕЛЬ АНАЛІЗУ РИЗИКІВ У СІЛЬСЬКОМУ 

ГОСПОДАРСТВІ В УМОВАХ НЕВИЗНАЧЕНОСТІ  
Анотація. Використання апробованих в інших країнах автоматичних інформаційних 

систем аналізу ризиків в Україні є вкрай ускладненим відсутністю баз даних за факторами 
впливу на ризик не тільки на регіональному, але  й на державному рівні. 

Тому постала необхідність створення  економіко-математичної моделі обробки  інфо-
рмації, включаючи неповні дані по факторам впливу на ризики, для використання в сільсько-
господарській галузі України.  

Таку модель формалізовано, створено та апробовано. 
Розроблена економіко-математична модель системи аналізу ризиків передбачає необ-

хідність попередньої постановки задачі експертом в галузі сільського господарства і подаль-
шу автоматичну роботу програмного комплексу, адаптованого до умов використання фахів-
цями з економіко-математичного моделювання.  

Оскільки в Україні переважно відсутні бази даних за факторами впливу на ризики пе-
редбачається оцінка та використання неповних даних чи даних за обмежені інтервали часу.  

Однією з складових алгоритму є метод імітаційного моделювання. Автоматична інфо-
рмаційна система аналізу ризиків генерує так звані псевдовипадкові послідовності та поета-
пно перевіряє достовірність їх опису кожного з названих експертом ризиків, притаманних 
саме цій конкретній задачі для агропідприємства. Такий метод було вже апробовано на зада-
чах, вирішення яких зіткнулося з нестачею статистичної інформації, та неможливістю засто-
сування аналітичних методів. 

Зменшення необхідного ресурсу обчислювальної техніки для виконання задачі поле-
гшується формуванням допоміжної бібліотеки робочих масивів, яка накопичується під час 
роботи програмного комплексу аналізу ризиків. 

Для спрощення обробки вхідної інформації та відпрацювання розрахунків запропоно-
вано параметричну модель. 

Ця методика запозичена з досвіду використання gert-мереж. 
Для перевірки ефективності роботи розробленого алгоритму проведений розрахунок 

ризиків для фермерських господарств, що вирощують зернові, зернобобові культури та со-
няшник. Результати розрахунку показали достовірні значення коефіцієнтів ризику. Визначе-
но, які з ризиків є більш вагомими для виробників вказаних агрокультур. 

Ключові слова: ризик-менеджмент, аналіз ризиків, економіко-математична модель, 
програмний комплекс, імітаційне моделювання. 

Формул: 5; рис.: 1; табл.: 1; бібл.: 19.  
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ЭКОНОМИКО-МАТЕМАТИЧЕСКАЯ МОДЕЛЬ АНАЛИЗА РИСКОВ В СЕЛЬСКОМ 

ХОЗЯЙСТВЕ В УСЛОВИЯХ НЕОПРЕДЕЛЕННОСТИ 
Аннотация. Использование апробированных в других странах автоматических ин-

формационных систем анализа рисков в Украине чрезвычайно осложнено ввиду отсутствия 
баз данных по факторам, влияющим на риск, и не только на региональном, но и на государ-
ственном уровне. Поэтому возникла необходимость создания экономико-математической 
модели обработки информации, включая неполные данные, по факторам, влияющим на рис-
ки для использования в сельскохозяйственной отрасли Украины. Такая модель формализо-
вана, создана и апробирована. 

Одной из составляющих алгоритма является метод имитационного моделирования. 
Автоматическая информационная система анализа рисков генерирует так называемые псев-
дослучайные последовательности и поэтапно проверяет достоверность описания ими каждо-
го из названных экспертом рисков, присущих именно этой конкретной задаче и определен-
ного агропредприятия. Такой метод был уже апробирован на задачах, решение которых 
столкнулось с нехваткой статистической информации, и невозможностью применения ана-
литических методов. 

Для проверки эффективности работы разработанного алгоритма произведен расчет 
рисков для фермерских хозяйств, выращивающих зерновые, зернобобовые культуры и под-
солнечник. Результаты расчета показали достоверные значения коэффициентов риска. 

Ключевые слова: риск-менеджмент, анализ рисков, экономико-математическая мо-
дель, системы поддержки и принятия решений, программный комплекс, имитационное мо-
делирование. 

Формул:5; рис.:1; табл.:1; библ.: 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): 

 
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: 

{
Х = а1 

𝑍 = √(1 − 𝜏2) ∗ а2 +  𝜏 ∗ а1

                                                      (1) 

where а1,  а2   - independent values, 𝜏 – 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 

𝛿 = 𝑚𝑎𝑥{|𝛿 𝑗|}                                                                     (2) 

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 
multilayered perceptron is 

used 

To find the distribution 
parameters, the method of 

moments is used 
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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]. 

𝑅𝑖 =  𝜔𝑖 ∗ 𝐾𝑖                                                                      (3) 

where 𝑅𝑖 - risk indicator, 𝜔𝑖 - coefficient of weight of this type of risk, 𝐾𝑖 - weighted seven-
component coefficient. 

The weighting factor for this type of risk is as follows 

𝜔𝑖 =  
⌈Е𝑖⌉

⌈Е𝑖⌉𝑚𝑎𝑥                                                                        (4) 

where Е𝑖– the coefficient of elasticity of the level of profitability for the corresponding value i-th 

risk; ⌈Е𝑖⌉
𝑚𝑎𝑥– 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 

Е𝑖 = |
𝜕 ln 𝐼𝑖

𝜕𝜗𝑖
|                                                                         (5) 

where 𝜗𝑖– 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 

Name of the 
type of risk 

Coefficient 

𝐾𝑖 

Coefficient 

Е𝑖 

Coefficient 

𝜔𝑖 

Numerical 
value of the 
level of risk 

The interval of change 
of the calculated coef-

ficient of risk 

Reduce yields 0,15 67,8 0,23 0,1 Weak risk 

Reduce the 
price 

0,23 58,9 0,19 0,21 Significant risk 

Reducing 
sales volumes 

0,07 336,5 1,05 0,02 Weak risk 

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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