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RISK MANAGEMENT FOR THE FUNCTIONALITY COMPONENT
OF AN AGRICULTURAL ENTERPRISE'S DECISION-MAKING SUPPORT

INFORMATION SYSTEM

Abstract. Ensuring food security and economic and social stability is a national issue for every state. The
research examines the functional component of the information system model for supporting decision-
making in the agrarian sphere in environmental uncertainty. This component includes those mathematical
models and methods that ensure the functioning of the information system for supporting decision-making
in the agricultural sphere in ecological uncertainty. The main assumptions of the study are that no activity
can be avoided entirely, and there are no risks that cannot be managed. Risk management is considered in
more detail as a process of taking measures aimed at ensuring an acceptable risk. A mathematical model
of agricultural enterprise management is formalized, in which unclear input parameters, namely
environmental and economic circumstances, are risk factors. Four stages of risk management are
considered: identification, analysis, development of management measures, and operational risk
management. The primary external and internal sources of risk in the activity of an agricultural enterprise
have been identified. An algorithm for risk analysis is proposed, which consists of seven steps. A
quantitative method implementing the risk analysis algorithm has also been developed. A fuzzy profit
Sfunction of an agricultural enterprise is constructed. It is proposed to calculate the risk as a root mean

square deviation. The method of risk management consists in minimizing risks.
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Introduction

The problem of a reliable supply of the country with
food and agricultural raw materials remains unsolved.
The functioning of other industries that process and use
its products depends on the sustainable development of
agricultural production. Ensuring food security and
economic and social stability is a national issue for every
state.

From the point of view of prospects for the
development of agricultural objects, there is a need to
determine the regularities of their development, identify
trends, and determine their parameters.

To improve the situation in agriculture, there is a
need to apply new management methods based on system
analysis. Let's consider the main approaches to managing
the activities of agricultural enterprises: an approach
based on risk management and multicriteria management
methods.

The purpose of the article

The research objective is:

1. Develop a functionality component for an
information system to support decision-making in the
agricultural sector.

2. Explore scientific risk

management.

approaches to

Presenting main material

Let's consider the information system model
supporting decision-making in the agrarian sphere in
environmental uncertainty.

As indicated in the work [1], it is proposed to divide
the information system into four components:

1. Component of goal setting.

2. Component of principles.

3. Functionality component.

4. Diagnostics component.

In this study, we will consider the functionality
component in more detail. This component includes
those mathematical models and methods that ensure the
functioning of the information system for supporting
decision-making in the agricultural sphere in
environmental uncertainty. Namely, we will focus on the
risk minimization model. The identification of risks is
first carried out, which consists in compiling a complete
list of risks that can positively or negatively affect the
activity of an agricultural enterprise. For the considered
model, all wuncertain input parameters, namely
environmental and economic circumstances, are risk
factors. Next, there is an analysis of risk distribution
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functions. Loss or profit functions are estimated in the
event of a corresponding risky situation.

Among the researchers of risk theory, M. should be
singled out. Power [2], Von Neumann [3], Kayis [4], Pan
[5], and others. In these works, the authors defined the
definite meaning of risk, revealed theoretical approaches
to the division of risks according to classification
features, substantiated methodological approaches to risk
assessment, and determined its impact on business
entities. These results can be applied to management in
the agricultural sector.

Risk management involves the process of making
optimal decisions and implementing measures aimed at
ensuring an acceptable risk.

The Chinese character "risk" consists of two
components: danger and opportunity (Fig. 1). This
demonstrates a modern understanding of the essence of
risk management: protection against the threat; use of
options.

a
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Figure 1 — Hieroglyph of the word "Risk."

The leading cause of risks is uncertainty. Risk can
be considered as the uncertainty associated with the
possibility of deviation from the goal of the enterprise
(project), for the achievement of which a subjective
decision was made.

The main signs of a risky situation are:

1. the decision-making person (DMP) is faced with
the need to make one of several decisions;

2. atleast one of the alternative decisions has non-
deterministic consequences, and its final result cannot be
reliably predicted;

3. the DMP considers itself aware of the
consequences of each decision and arranges its values,
giving preference to some outcomes over others.

The critical point that distinguishes a risky situation
from an uncertain one is the presence of clear DMP
advantages related to the enterprise's goals.

When risky situations arise, the following effects on
the result are possible:

1. The development of the project has not been
achieved at all;

2. the technical and (or) economic characteristics
of the products turned out to be worse than those aimed
at by the managers of the enterprise;

3. the project was implemented, but the costs
significantly exceeded the estimate;

4. the goal of the project was achieved, but much
later than initially planned.

When studying the risk to the functioning of an
agricultural enterprise, it is essential to review all sources
of risk, which can be divided into internal and external.

External sources of risk include:

1. Legislative policy of the state on the regulation
of agricultural activity

2. Actions of state authorities and local self-
government

3. Land taxation and subsidization of some
branches of agriculture.

4. Relations with partners

5. Competition

6. Crime in the region.

7. Political situation

8. Scientific and technical progress, in particular
genetically modified organisms and breeding
achievements.

9. Economic situation in the country and industry.

10. 10 International events and military threats.

11. Logistical difficulties.

12. State of the surrounding natural environment.
The main assumptions of the study are that no activity
can be avoided entirely, and there are no risks that cannot
be managed.

The process of risk management can be divided into
the following four stages (Fig. 2):

1. Identification of risks.

2. Analysis and assessment of risks.

3. Development of risk management measures.

4. Monitoring and operational risk management.

Signals ‘ Signs ‘ Development | Solution

Identification of risks

Risk assessment

Risk
Management

Figure 2 — Risk Management stages

In the first stage, risk criteria should be determined,
risk identification methods should be developed, and a
risk classification system should be formed.

In the second stage, it is necessary to form a list of
possible risk situations, assess the degree and measure of
risk for each case, and determine the priority of risks.

In the third stage, it is necessary to determine risk
management methods, organize the risk management
process and develop preventive measures for risks.

At the last stage, it is necessary to implement risk
management methods, assess the effectiveness of risk
management, and form a risk knowledge management
system.

According to "The World
Economic Forum" [6]. The top global risks (Figure 3):

the estimates of
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geopolitical instability;

problems of economic development;
insufficient measures to combat climate change;
negative consequences of loss of biodiversity;

5. inefficient development management
technologies;

When assessing risks, it should be recognized that
it is impossible to ultimately get rid of risk in most
situations. Hence, it is necessary to determine the
acceptable risk level — the level at which the danger
ceases to threaten the enterprise.

According to ISO standards [7], risk assessment
results from two procedures — risk analysis and
measurement.

Risk analysis can be divided into a priori strategic,
operational-tactical, and a posteriori systemic.

Risk measurement is related to the evaluation
degree, risk measure, and risk price.

The degree of risk assesses an adverse situation's
possibility and statistical frequency.

The measure of risk is an assessment of the level of
unfavourability of a risky situation in case of its
realization, which reflects its possible negative
consequences.

Ll

Climate action
failure

Extreme weather
conditions

Environmental Environmental

Human-made
damage

Environmental

The price of risk is the ratio of the maximum
possible result to the degree of risk.

The risk analysis algorithm [8] consists of seven
steps and is shown in Figure 4.

Consider the quantitative method that implements
this algorithm: let f be the function of estimating losses
or profits at a specific fixed value of some risk factor x.
Then the overall expected effect of the activity of the
agricultural enterprise can be calculated as a
mathematical expectation:

M (x) = [ f () p(x)dx.
0

And the risk of the activity is determined through
the root mean square deviation.

o(x)= \/j(f(x) -M )" p(x)dx.

And the task is to minimize.

Infectious Biodiversity
disease 0ss

Societal Environmental

Figure 3 — Global risks [6]

Choose an action using a s
specified criteria that is
acceptable to your business 7

~

Identify specific
consequences that may
result from each action
and event combination

\

Identify an action or risk management
strategy for managing each loss or risk ~
(reduce, control, avoid or transfer)

Identify the type of loss exposure or risk

Identify the source of that risk
(internal or external)

Identify specific events
or states of nature for
that loss to occur

Assign odds that each event might occur

Figure 4 — Risks analysis algorithm
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. . decision-making support in the agricultural sector.
Conclusions and perspectives Scientific approaches to risk management have been
of further research studied. Further research consists of the experimental
implementation of risk management as part of
functionality components for the information system of
decision-making support in the agricultural sector.

So, as a result of this study, a functionality
component was developed for the information system of
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Yynmeii Ki
Acmipant kadenpu iHbpopMaLiHHAX CUCTEM Ta TEXHOJIOTIH, https://orcid.org/0000-0002-9030-407X
Kuiscoruil nayionanonuu ynieepcumem imeni Tapaca lleguenka, Kuis

VIOPABJIHHA PU3AKAMH KOMIIOHEHTOM ®YHKIIOHAJIBHOCTI IHOGOPMAIIMHOI CHCTEMHA
HIATPUMKHA IPUMHATTS PILEHb ATPAPHOI'O MIIIIPUEMCTBA

Anomauia 3abesneuenns npooogonvyoi 6e3nexu, eKOHOMIYHOI ma coyianbHoi cmabitbHOCMI € HAYIOHANLHO BANCIUBUM
NUMAHHAM OlIsL KOJICHOT Oepoicasu. B 0ocnioocenui pozenanymo KOMNoHeHmy QyHKyionanvuocmi 0 Mooeni iHghopmayitinol
cucmemu NIOMPUMKY NPULIHAIMMSL DileHb 6 a2paphili cepi @ ymosax exkono2iunoi negusnavenocmi. Ll komnonenma exnouac mi
MameMamuiHi MoOeri ma Memoou, siKi 3a6e3neuyoms QyHKYIoHyeanHs inghopmayitinoi cucmemu NiIOMPUMKU NPULHAMMSL PiuleHb
6 azpapHitl cghepi 6 ymosax exonoziunoi neusnavenocmi. OCHOBHI RPURYWEHH OOCTIONCEHHS NOAAAIOMb 8 MOMY, WO He ICHYE
OisinbHOCII, Npu peanizayii AKoi ModcHa OY10 6 NOGHICMIO YHUKHYMU PUZUKIG, | He ICHYE PUSUKIB, AKUMU He MOJICHA YDA
JlemanvHiwe po3enanymo ynpaguinHa pusuxamu K npoyec NpuiiHAmms CHPAMOBAHUX HA 3a0e3nedeHHs NPULHANHO20 PUBUKY.
Dopmanizoeano mamemamuuny MoOeib YNPAGIiHHA AcpapHUM NIONPUEMCMEOM, 6 AKIU HeuwimKi 6XiOHi napamempu, a came
eKOI02IYHI Mma eKOHOMIUHT 06cmasunu, € paxmopamu pusuxy. Posensnymo vomupu emanu ynpaeninus pusuxamu. ioenmugixayis,
auaniz, po3pobka 3ax00i6 Wooo YNpaeiiHHsL ma OnepamueHe YRpasiinHa pusukamu. Busnaueno ocnoewi 306HIWHI ma 6HympiwiHi
odicepena pusuKy 6 OisllbHOCMI azpapHo20 NIONpUEMcmed. 3anponoHo8ano anzopumm ananizy pusuKis, AKull CK1a0aemucsl i3 cemu
Kpokis. Takooic po3pobieno KinbKiCHULl Memoo, wjo peanizye anreopumm ananizy pusuxis. Ilo6yoosano neuimky pyHKkyiro npudymxy
azpapnozo nionpuemcmed. 3anponoHOBAHO PO3PAX0EYE8AMU PU3UK AK cepeOHboKeadpamuune ioxunents. Memoo ynpasninns
PUBUKOM NOAA2AE Y MIHIMI3aYil pU3UKIG.

Knrouogi cnosa: azponpomucinogicmes; npuithamms piviens; €K0a02is; ynpasiinia pusuKkom
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