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ABSTRACT

The object of the research is the diagnosis and evaluation of financial risks in order to create an effective risk management
policy.The subject of the research is the methodology of direct fuzzy evaluation of financial risk “chains” of an organisation.
The relevance of the problem is due, on the one hand, to the dynamic and chaotic macro-environment and the business
environment of organisations, on the other hand, to the drawback of the analytical and expert methods used to assess
financial risks. The former, moreover, imply statistical data processing and operate with quantitative measures. For the
latter, the difficulty is the impossibility of their application in a short time interval. From the perspective of operational
risk management, financial risks deserve special attention since the effective operation of the entire organisation
depends on them. The purpose of the research is to form a methodology for direct fuzzy evaluation of financial risk
‘chains” of an organisation. The authors apply the methods of mathematical forecasting, fuzzy modelling, calculation
of financial and economic indicators, and expert risk assessment. The proposed methodology consists of 12 stages,
beginning with the analysis of business processes and the identification of financial risks of the organisation. The main
stage is the construction of a fuzzy evaluation model and the calculation of indicators: the probability of occurrence
and realization of risks and risky situations of the financial risk “‘chains”, and the degree of confidence of the calculations
conducted. The final stage of the methodology is an analysis of the results obtained to adjust the selected development
strategy of the organisation, and the choice of methods for managing identified financial risks bearing the most
significant financial and economic losses. The authors conclude the developed methodology allows to accurately assess
the threat of a certain risk ‘chain” and losses from the implementation of specific risk situations for any organisation in
the conditions of dynamic changes in internal and external elements of the business environment. The advantage of the
methodology should be considered in the comparability of the accuracy of the evaluation and the low cost of modelling.
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ANALYSIS AND RISK MANAGEMENT

INTRODUCTION

In the context of growing instability,
uncertainty, complexity and ambiguity of
the current economic and political situation,
which is reflected in the VUCA world concept,
which describes the business environment as
chaotic and rapidly changing, the importance
of risk management of business entities
is increasing. In this respect, effective risk
management should be based on a dynamic
approach that involves many factors,
including the time factor, in the process of
improving the efficiency of management
decisions based on forecasts. It is often
extremely difficult even for highly experienced
managers to give a quantitative assessment of
risks for the purposes of subsequent economic
and mathematical modeling. Such conditions
hinder the adoption of high-quality decisions,
which, in turn, must be supported by dynamic
models and methods that take into account
uncertainty.

Organizations most often use expert-
analytical methods to analyze and assess
risky situations. At the same time, analytical
methods require a large amount of
statistical data and are generally focused on
quantitative indicators, while expert methods
can be difficult in the rapid assessment of
uncertainties and risks due to the lack of
highly qualified analysts and significant time
costs [1].

An economic entity cannot optimize the
entire existing set of risks due to the objective
nature of their occurrence, therefore, as
part of operational risk management, it is
necessary to evaluate only those that can
be formally described and minimized by
the organization. From this point of view,
financial risks associated with the purchasing
power of money, including inflation risks
expectations, investment risks, risks related to
the organizational structure of management,
and the business model being implemented,
deserve special attention.

Since the emergence and growth of risks
are preceded by one or another reason,
forecasting and preventive assessment of the
likelihood of occurrence and development of
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a risk situation is relevant. This can be fully
implemented on the basis of a systematic
and integrated approach to analysis, which
allows not only to identify the risk but also
to determine the causes of its occurrence in
the external and internal environment of
the organization, and its relationship with
other risks and the likelihood and severity of
possible consequences.

Methods and models based on fuzzy
logic and integrated into the organization’s
information system allow for high-precision
risk assessment and low labor and time costs,
taking into account the consistency and
complexity of the analysis [2]. Such models
make it possible to consider all the necessary
elements of the organization’s risk system,
both quantitative and qualitative descriptions
of them, in the mathematical formulations
of fuzzy logic, sets, and linguistic variables,
taking into account the uncertainty and
relationships of their occurrence. Methods
based on the use of fuzzy models are a
management decision support tool that allows
developing a strategy based on the diagnosis
and optimization of risks, comprehensively
exploring the financial and economic aspects
of the functioning of the organization, and
significantly reducing the labor, financial
and time costs of the organization on risk
assessment and insurance costs.

RISK“CHAINS” OF ORGANIZATIONS
Currently, most organizations have formed
a financial and economic mechanism
for strategic management, which allows
the development and selection of an
organization’s strategy, taking into account
the assessment of possible risks, as well as
on the basis of modern analytical methods
and technologies. An essential element of
this mechanism is the risk management
process, during which the mathematical
apparatus of economic statistics (for example,
mathematical expectation, variance, standard
deviation, semi-dispersion) and expert
methods (for example, the Delphi method,
scenario method) are used [3]. These methods
mainly assess a specific risk due to the current
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Fig. 1. The risk “chain” of a manufacturing organisation
Source: compiled by the authors.

situation but do not take into account its
development trends, links with other risks,
events, and factors that contribute to their
occurrence.

A partial and unstructured analysis of these
relationships is carried out in accordance with
the standard risk management technology
adopted in the organization after risk
assessment during the decision-making
procedure in risk situations, for example,
when building an event tree or a decision
tree [4]. Such a traditional approach in the
face of increasing uncertainty, instability,
and ambiguity of the current economic and
political situation is gradually losing its
effectiveness, since it often does not meet
the objectives of increasing management
flexibility, including in the field of operational
and strategic risk management.

The noted shortcomings of the currently
used risk assessment methods can be
eliminated on the basis of an analysis of the
main and auxiliary business processes. At
the first stage, it is necessary to diagnose
existing business processes, and in particular
their state in terms of financial risks; identify
critical areas of business processes in which
there is a possibility of financial risk that
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can significantly affect the activities of the
organization.

At the next stage, the relationships between
risks are determined, on the basis of which it
becomes possible to build their system, which
we called the risk “chain”. The structure
of the risk “chain” (Fig. 1) is defined as an
interconnected system of various risks arising
from the environment of the organization.
It should be noted that the risk “chain”
includes both internal and external risks that
characterize the current uncertain, unstable,
difficult economic and political situation.

The “chain” in Fig. 1 is generalized,
therefore, for a specific production
organization, it can only be used as a basis,
followed by the specification of the types
of risks, taking into account the specifics of
business processes. Financial risks can arise
in almost all links of the “chain” shown in
Fig. 1, however, often affect other types of
risks, due, for example, to the development
of technologies, the state of infrastructure,
the specifics of production, and marketing of
finished products. Their identification and the
establishment of relationships between them
are important for the organization since the
implementation of risky situations can be
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Source: compiled by the authors.

accompanied by a cumulative effect, leading to
serious losses. For example, underestimating
the likelihood of the emergence of
fundamentally new technologies that
promote “disruptive” innovations can lead
to an increased risk of not being in demand
for finished products, liquidity risk, and also
contribute to a drop in profits. At the same
time, early identification of financial risks
allows them to be described, evaluated, and
optimized. The “chain” in Fig. 2 illustrates one
of the possible options for the relationship
of various financial risks of a production
organization.

When assessing various risks, analysts
use traditional analysis methods, taking into
account the characteristics of their types,
which in some cases, in the absence of studies
of risk factors, the magnitude of damage or
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the instability of the business environment,
is inappropriate, unlike the use of expert
methods or fuzzy modeling [1]. The latter are
of particular relevance in modern conditions
since they imply incomplete knowledge of all
parameters, circumstances, and situations,
and also take into account the multi-level
structure of assessment, the different
significance of indicators, as well as the
presence of fuzzy compatibility relationship
between them [4].

FUZZY EVALUATION MODEL
FOR THE ANALYSIS OF THE FINANCIAL
RISK “CHAIN”
The use of fuzzy logic in evaluating financial
risk “chains” has a number of features. First
of all, it is necessary to take into account
the interpretation of this “chain” as a
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mathematical set containing the results of
assessing the values of risk indicators and risk
situations. These “chains” have a multilevel
structure, due to the different significance for
the organization of the dimensions included
in it and the form of fuzzy connections
between them, especially at the top of the
hierarchical chain. Accordingly, at each level
of the hierarchy, the indicators form subsets,
each of which corresponds to the indicator of
the neighboring higher level of the hierarchy.
At each level of the hierarchy, starting from
the second, there may be indicators that do
not form subsets at a lower level. At the first
level of the hierarchy, there is a subset of
one (generalized) indicator. Each indicator is
assigned a weight. Indicators belonging to one
subset form a fuzzy compatibility relation [2].
These features justify the need to apply the
methodology of direct fuzzy estimation, as
well as the use of fuzzy production models.
Note that the construction of a “chain” of
financial risks and risk situations allows us
to determine the full space of prerequisites
that are sources of risks or risk situations
presented in the “chain”, as well as the space
of conclusions resulting from specific risks.
Representation of the relationship between
various financial risks and risk situations
in the form of a “chain” allows going to its
composition by grouping it into subsets that
have the following form:
RO={RO R, RV, (1)
where i=1,2,...1 ;n=1,2,...,N ; R is a subset
of risks and risk situations at the i-th level

of decomposition of the financial risk “chain”

(zero level of decomposition, or R”, is a
“chain” of financial risks with aggregated
assessment indicators); I — the number
of levels of decomposition of the fuzzy
evaluation model; N — the number of risks
and risk situations or subsets at the i-th level
of model decomposition.

After grouping by subsets, it is necessary
for each value of the risk indicator at the i-th
level of decomposition of the fuzzy evaluation
model (rn(f}) to determine the correspondence
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with the subset of risks and risk situations
at the (i + 1)-th evel of decomposition of the
financial risk “chain”:

(i+1)
Ty s

.,r,fj;l:)}, @)
where I is the number of decomposition levels
of the fuzzy evaluation model (i=1,2,...,1 —1);
N — the number of risks and risk situations or
subsets at the i- th level of model decompo-
sition (n=1,2,...,N ); M — the number of risks
and risk situations or subsets at the (i + 1)-th
level of model decomposition (m=1,2,...,M);
p, — the number of values of risk indicators
from the subset R, (*1) of the (i + 1)-th level of
model decomposmon correlated with the j-th
indicator r, ) from the subset R() of the i-th
level of model decomposition ( p=1,2,..., p, ).

It should be noted that in order to build
a fuzzy evaluation model, it is necessary to
determine the significance or weights of all
risks and risk situations in the constructed
financial risk “chain” at each level of model
decomposition:

N

o REfE,

reowd (3)
where n=12,..,N; i=12,...,1; j=12,...p,;

w!) — the significance (weight) of the risk or
r1sk situation r()

The main element of the fuzzy evaluation
model is the fuzzy compatibility relationship
between risks and risk situations (values of

risk indicators), given in the following form:

RO =((r0.r) k). @

where n=1,2,....N; i=1,2,....1; q,le{l,2,...,ps};
K — a fuzzy compatibility relation between
risks and risk situations (values of risk indica-
tors) of the subset R"; ¢ is the degree of
compatibility of risks and risk situations (val-
ues of risk indicators) ) u r!)

For the organization’s financial risk “chain
compatibility is interpreted as the impact of
one risk (risk situation) on another through
the transfer of the “added effect of the total
risk” (increase in danger or threat to the
organization, as well as an increase in the

»
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Source: compiled by the authors.

severity of consequences for the organization
in case of passing the elements of the “chain”),
a fuzzy compatibility factor is introduced to
prevent double counting of risk.

Based on formulas (1)-(4), the proposed
fuzzy evaluation model in a formalized form
can be represented as formula (5).

where i=12,....,1; n=12,..,N; p=12,...p,;
m=12,...,.M; j=L2,....p,; q,le{l,...,ps}.

Fig. 3 shows a fragment of the “chain”
of financial risks and risk situations of a
production organization, shown in Fig. 2. It
should be noted that the relationship between
the risk (risk situation) at the i-th level of
decomposition of the fuzzy evaluation model
and the set of risks (risk situations) at the
(i = 1)-th decomposition level has the form
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of a transition between decomposition levels
with the accumulation of an additional effect
of cumulative risk, increasing the threat of the
risk “chain” for the organization, as well as the
increase in the severity of the consequences
for the organization.

The connection of the higher levels of de-
composition of the fuzzy assessment model of
the financial risk “chain” of the organization
is established, in particular, the connection of
decomposition levels with the elements: R?
and 1 (or R"), s specified using the MISO
structure (many inputs — one output) and is
a cascade connection of several (for marked
levels of decomposition of the fuzzy estima-
tion model — three) bases of fuzzy production
rules that implement the mapping of input
variables to the output variable [4-6]. Fig. 4
shows a cascade fuzzy model for assessing the
impact of a combination of risks and risk situ-
ations, which is a space of risk prerequisites
(risk situations), which is at a higher level of
decomposition, on this risk (risk situation) for
a financial risk “chain” and risk situations or-
ganization is shown in Fig. 2.

The fuzzy evaluation model of the “chain”
of financial risks and risk situations of the
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organization, described above, defines the
direct fuzzy assessment algorithm. It should
be noted that the evaluation process starts
from the lower levels of decomposition of
the fuzzy evaluation model, is carried out
in “direct” order, i.e. from the lower levels
of decomposition to the upper levels of de-
composition, and ends with finding the to-
tality of indicators for evaluating the “chain”
of financial risks at the zero level of decom-
position.

METHODOLOGY FOR DIRECT

FUZZY EVALUATION OF THE

“CHAIN” OF FINANCIAL RISKS

OF AN ORGANIZATION
The proposed methodology for direct fuzzy
evaluation of the “chain” of financial risks of
an organization consists of the following main
stages.

Stage 1. Analysis of the existing business
processes of the organization, study of the
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current financial situation, and identification
of financial risks.

To build an effective fuzzy evaluation
model, it is necessary to involve experts (for
example, leading specialists from consulting
organizations) in the analysis of the current
activities of the organization, in this case, it is
necessary to present the information received
in the form of Table 1, for the subsequent
calculation of the confidence degree
(reliability) of the assessment, as well as the
interpretation of the relationship between
risk, the prerequisite space and the conclusion
space in the form of a “chain” of financial risks
and the organization’s risk situation.

Stage 2. Building the organization’s
financial risks “chain” clarifies the links
between risks and risk situations.

Based on the information available and
systematized in the form of Table I on the
identified financial risks, a risk “chain” of
a production organization is formed, on
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Table 1

Identified financial risks

r
n

Source: compiled by the authors.

which the links are marked, in which the
occurrence of financial risks is likely. On the
basis of the marked links, the organization’s
financial risk “chain” is compiled. It should be
noted that risk situations can be additionally
included in this chain if they are significant
in the prerequisite space or the conclusion
space and are accompanied by a cumulative
effect leading to serious losses with the
impossibility of converting it into an
emerging financial risk [7].

Stage 3. Building a fuzzy evaluation model
of the financial risk “chain”.

The financial risk “chain” obtained at
the previous stage allows us to proceed to
fuzzy modeling. At this stage, it is important
to establish the relationship between the
identified financial risks (risk situations),
describe their nature, and identify the final
risk (risk situation) that has the greatest
additional effect on the total risk. After
identifying this element of the financial risk
“chain”, it is necessary to decompose it based
on the established links, thereby obtaining
a hierarchical structure of assessment
indicators, each of which correlates with the
significance (weight) of the corresponding
risk or risk situation [8]. After excluding minor
financial risks by aggregating them with an
adjacent risk or risk situation, a fuzzy model
for evaluating the financial risk “chain” is built,
which is shown in Fig. 3.
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Stage 4. Identifying the degree of
compatibility of aggregate indicators of
financial risks and risk situations.

At this stage, according to formula (4),
fuzzy compatibility relationships between
risks and risk situations are specified. The
emerging fuzzy relationships in the “chain”
of the organization’s financial risks are the
determinants of subsequent fuzzy convolution
operations. However, a direct method for
determining the degree of compatibility
described by formula (4) cannot always
be used, since at present the business
environment of an organization is often
described as chaotic and rapidly changing,
and how likely is the risk of a situation or risks
that have not previously been described and
are not amenable to “clear” evaluation [9]. In
these cases, it is possible to use an indirect
method based on comparing the levels of
compatibility of risks and risk situations with
the levels of the Harrington scale (LL — “Low
level” LML — “Lower middle level”, ML —
“Middle level”, HML — “Higher middle level”,
HL — “High level”) [2]. Accordingly, formula
(4) is supplemented by formula (6).

()
Cn,ql

=c, e C={LL,LML,ML,HML,HL},z=1,2,...5,(6)

where c(i)q, is the degree of compat-

n

ibility of risks and risk situations (val-

ues of risk indicator) r and r)
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(n=1,2,...,N;i=12,....1;q,1€{1,2,....p,}); z — is
the index of the corresponding element of the
set C, containing the levels of the Harrington
scale.

At the same time, for risks (risk situations)
that are at the same level of decomposition
of the fuzzy evaluation model, but do not
have logically established relationships, the
degree of compatibility of these risks and
risk situations (values of risk indicators) is
considered to be the LL level according to
the above Harrington scale for subsequent
aggregation of the set of risks and establishing
the cumulative added effect of the cumulative
risk in the transition between levels of
decomposition of the model.

Stage 5. Setting a strategy for assessing a
subset of risk indicators or risk situations of
the decomposition level of a fuzzy model for
assessing a “chain” of financial risks.

The transition between the levels of
decomposition of the fuzzy model for
assessing the financial risk “chain” is
accompanied by the cumulative effect of
accumulating the additional effect of the
total risk, which leads to serious losses for
the organization. Therefore, the technique
uses a parameterized family of convolution
operations [10] described by formula (7).

med(rk,r,;oc),k,le{l,Z,... ,n}, (7

where med (r,,r;;0) is a parameterized opera-
tion of fuzzy convolution of the values of risk
indicators and risk situations at the same lev-
el of decomposition of the fuzzy assessment
model of the financial risk “chain” of a pro-
duction organization; k,/ — indices of risks
or risk situations at the i-th level of decompo-
sition; o — the fuzzy convolution parameter
(ae [0,1] ).

The value of the parameter a must
correspond to the criterial levels of
compatibility of aggregate risk indicators
or risk situations at the (i + 1)-th level of
decomposition of the fuzzy assessment
model on the Harrington scale [11]. Since
the proposed methodology provides for both
the calculation of the aggregate indicator
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of the added effect of the total risk for the
entire “chain” of financial risks, and the
calculation of the aggregate indicator of the
degree of confidence, when moving between
decomposition levels, various strategies for
evaluating subsets of risk indicators or risk
situations are provided.

Strategy 1 — the fuzzy assessment from the
least compatible risks (risk situations) to the
most compatible ones with the summation of
the accumulated added effect of the total risk
during the transition between decomposition
levels of the fuzzy assessment model of the
financial risk chain. The choice of this strategy
is determined by the simultaneous use of
direct and indirect methods for determining
the degrees of compatibility of risks and
risk situations, setting the order for viewing
these degrees of compatibility, the consistent
nature of the fuzzy convolution at each level
of decomposition of the evaluation model
[12-14].

Strategy 2 — the fuzzy assessment from
the most compatible risks (risk situations) to
the least compatible when moving between
decomposition levels of the fuzzy evaluation
model of the financial risk “chain”. The choice
of this strategy is determined by the presence
of indicators of the degree of confidence [15]
for each financial risk identified at stage 1,
the absence of the need to use summation to
reflect the cumulative effect, since the value
of the aggregate indicator of the confidence
degree does not show the predicted severity
of the consequences of the full “chain” of
financial risks, but the confidence degree
in the result. The confidence degree in the
proposed methodology is measured on a
scale from 0.00 to 1.00 with a step of 0.01.
If necessary, it is possible to increase the
accuracy of the values of the confidence
degree indicator for a more correct
measurement of the accuracy of the result
obtained. The calculation of the aggregated
degree of confidence is carried out according
to the same methodology, taking into account
the noted feature.

Stages 6-7. Splitting the fuzzy
compatibility relationship between risks and
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risk situations for the level of decomposition
of the fuzzy evaluation model into
compatibility classes. Selection and mapping
of convolution operations to compatibility
classes.

At this stage, in accordance with a certain
strategy, the values of risk indicators and
risk situations are aggregated, having the
same degree of compatibility or close ones,
belonging to the same level according to
the Harrington scale used. At the same time,
the order of the fuzzy convolution of these
indicators within the corresponding subset
of risks and risk situations is not important
[16].

Stage 8. Modification of the fuzzy
compatibility relationship between risks and
risk situations for the decomposition level of
the fuzzy evaluation model.

After a fuzzy convolution of risk indicators
or risk situations, it is necessary to modify
the fuzzy compatibility relationship between
risks and risk situations and change the
compatibility degree of other risks or risk
situations that are in the same subset of
risks, taking into account the new aggregate
indicator of risks that are in the same
compatibility class.

The implementation of steps 5-8 is cyclical
or repetitive until the aggregation of all risk
indicators and risk situations that are at the
lower levels of the decomposition of the
fuzzy assessment model of the organization’s
financial risk “chain” is achieved. After
completion of all iterations, the analysis of
the obtained structure of the fuzzy evaluation
model for aggregated indicators takes place. In
the methodology, two options for stage 9 are
proposed.

Stage 9.1. It is used for a MISO structure,
which is a cascading connection of a large
number of input indicators of risks and risk
situations and one resulting indicator. For
this, in accordance with formula (5), the bases
of fuzzy production rules are formed, as well
as the structure of the fuzzy neural production
network (ANFIS) [17, 18], which is shown in
Fig. 4, in accordance with the number of input
indicators of risks and risk situations.
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Stage 9.2. It is used for other cases in
which the fuzzy evaluation model from
aggregated risk indicators (risk situations)
does not have the form of a MISO structure.
Within the framework of this stage, the
structure of further fuzzy convolution of
indicators is formed [19] [for example, in the
form of formula (8)]:

RO=p (hy ( . .(h, (R, R)... .),R,(,y)),R,E”)j )
where h(a, b) — fuzzy convolution
operation; u, y, t are indices of these
operations corresponding to different levels
of decomposition of the consistency of
indicators, subsets of risks and risk situations.

Stage 10. Setting the weighted values of
indicators of risk subsets and risk situations.

As noted earlier, effective risk management
in a chaotic and rapidly changing business
environment should be based on a dynamic
approach, the conditions of uncertainty
in which are characterized not only by the
fact that the probability distribution law for
uncertain factors is unknown, but also by the
fact that the time factor becomes the most
meaningful. In this regard, the proposed
method of the direct fuzzy evaluation of the
financial risk “chain” of an organization
provides for the assessment of alternatives.
To calculate alternatives, each risk indicator
or risk situation is assigned a weighted fuzzy
value of the evaluated alternative to find
the best solutions [20-22] that provide an
acceptable value of the aggregated value of
indicators for the considered financial risk
“chain”.

Stage 11. Obtaining aggregated values
of indicators for the complete financial risks
‘chain” and checking the applicability of the
obtained values based on the value of the
aggregated indicator “confidence degree”.

Stage 12. Correction of the selected
strategies for the development of the
organization, the choice of risk management
methods.

Thus, the proposed method of direct fuzzy
evaluation of the financial risk “chain” of
an organization, based on the analysis of

[
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.

Analysis of the organisation’s business processes,
examining the current financial situation.
Identification of financial risks

}

Drafting the financial risk “chain™ of the
organisation, clarifying the links between risks and

risk situations
T

v

Drafting a fuzzy evaluation model of the financial
risk “chain”

Y
Determining the degrees of compatibility between
financial risk and risk situations aggregated
indicators

Setting a strategy for evaluating a subset of indicators «———

4

Dividing a fuzzy compatibility relationship for a
subset of indicators info compatibility classes

Selection and comparison of convolution operations
to compatibility classes

I
v
Modification of a fuzzy compatibility relationship

v
I
v v
Forming the structure of the indicator reconciliation HemumeCepimles .Of Mol o Ry nen]
production network
l J
v

Setting weighted values for indicators
I
4

Obtaining aggregated indicator values for the full
financial risk “chain”
l
A4

Validation of the result based on the value of the
aggregate indicator of confidence degree

Fig. 5. UML diagram of the generalised algorithm for a direct fuzzy evaluation methodology for an
organisation’s financial risk “‘chain”
Source: compiled by the authors.

FINANCE: THEORY AND PRACTICE 4 Vol. 26, No.4'2022 ¢ FINANCETP.FA.RU @

149



ANALYSIS AND RISK MANAGEMENT

Control subsystem

Organisation and its

external environment F Controlling results ~ «—— Implementing decisions -«
|
¥ \ Accounting subsystem
Tax accounting p— »  Financial accounting
SE—
’ ; Russian GA AP financial IFRS financial
Managerial accounting < —
statements statements
Analytical subsystem
¥ ] v
Risk Applying the methodology of direct fuzzy Dev ‘cllol??lg and Accepting and
identification evaluation of the financial risk “chain” . - adjusting
= methods for e
v ; decisions to

Risk analysis >

Dratting the financial risk “chain”

influencing risks
when comparing
alternatives

manage the risk
“chain”

RISK MANAGEMENT PROCESS

Fig. 6. Formation of information flows in the process of evaluating an organisation’s financial risk “chain” based
on the proposed methodology of direct fuzzy evaluation

Source: compiled by the authors.

business processes and a generalized “chain”
of risks of an organization, allows taking into
account the strategic aspects of the impact
of financial risks on the activities of an
organization and includes the stages shown
in Fig. 5.

RESULTS AND DISCUSSIONS

The proposed method of direct fuzzy
evaluation of the financial risk chain of an
organization is focused on the conditions
of increasing instability, uncertainty,
complexity, and ambiguity of the current
economic and political situation. For the
timely identification of emerging or predicted
financial risks, it is advisable to include it in
the organization’s information flow formation
system in the process of risk management, in
which risks are identified on the basis of the
organization’s tax, financial and management
accounting (Fig. 6).

As confirmation of the practical significance
of the proposed methodology, let us consider

150

the evaluation of the financial risk “chain” of
Macy’s, Inc. Baseline data obtained from the
Bloomberg based on the consensus forecast of
the main economic indicators and historical
observations for 2017-2021. To begin with,
the cumulative average annual growth rate
of each indicator was calculated using the

formula (9):
CAGR, = |2+ —1,
Vin

where CAGR, — the cumulative average
annual growth rate of the j-th indicator; V,,
V,_, — historical values of the j-th indicator in
years t and t — n.

Next, the predicted growth (forward growth,
FG) of each j-th indicator was calculated.
These two indicators were the starting point
in the expert determination of the degree of
probability of a particular risk (risk situation).

Based on the data on the consensus

forecast, the average value of the consensus

€
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Table 2

Consensus forecast of Macy’s economic indicators

Shopplng 34 34 109226.20 110526.00 2755.63 25 96.30

capacity sq. foot sq. foot sq. foot

Net sales -94 26 $ 23.6.22.00 $ 23.7.58.50 $ 4.15.47 18 9770
million million million

Tax expenses -25.5 -139.6 § 3.3‘."85 $ 3.4‘?'21 § .27.'33 8.2 89.04
million million million

EBITDA _550 22035 $ 2§9.5.11 $ 2'68'8.00 $ ?6..70 51 97,60
million million million

Cash and cash 6.7 225 $ 2(.)5.5.99 $ 179.6.89 $ 1?2.0.65 64.2 23.20

equivalents million million million

Intangible assets -3.2 14.4 $ 5.0(.)'08 $ 4.7.1'97 $ %.32.'09 16.4 78.00
million million million

Accounts payable -0.2 13.0 J 3.30.8'32 i 3?99'51 $ 5.8(.)'38 17.5 76.40
million million million

Cash flow from

operating -225 232.6 § 2.15.8'87 $ 1.88.3'62 $ 1.16.2'27 53.8 33.40

. million million million

activities

CAPEX ~15.5 g || TPEEES | IEHney | haids 60 90.50
million million million

Dividends paid -289 -18.3 ~$95.58 ~$95.49 $0.50 0.5 99.40
million million million

ST 52.7 e || DSeE - . 214 78.60

cash million

Current liquidity ~40 29 119 _ _ 151 84.90

ratio

Quick liquidity 8.8 45 0.33 - - 39.2 60.80

ratio

Debt to equity 13.4 325 401 - - 139 86.10

ratio

Source: Bloomberg, authors’ calculations.

forecast, the median, and the standard
deviation (standard deviation, SD), the level
of confidence in the forecast was calculated,
and adjusted for the tendency to a normal
distribution of forecast valuesusing
formula (10). The first part of the formula
represents the accuracy of the forecast in
terms of the coefficient of variation, the
larger the coefficient of variation, the
lower the reliability of the forecast, so the
value (1 — RSD) is applied, and RSD is the
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coefficient of variation. The second part of
the formula reflects the correction for the
tendency to the normal distribution law,
from the inequality of the median and the
average consensus value we get the desired
correction — correct due to the equality
of these values in the case of a normal

distribution.

CL=|1-|— —
X; X;

, (10
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Identified financial risks of Macy’s

Table 3

Risk of curtailing outlets 0.036 0.963
rZ rl r4’ rﬁ’ r7’ r13
Risk of decline in business
and consumer activity 0.001 0.977
s Tax risk - T T T s 0.001 0.890
r ro=r,r.—r r
! Risk of no economic profit P " 0.001 0.976
r [N o lep oo oo 7
’ Funding risk rers s 0.001 0.232
r [ ryre,r
° Cash flow risk e M 0.481 0.786
r7 rZ r4’ rS
Risk of diversion of funds 0.083 0.598
from operating activities ’ ’
s Risk of reduced business - T 0,001 0780
innovation ’ ’
r9 r5 r4’ r10
Financial stability risk 0.007 0.861
r10 r9 r4’ r15
Risk of financial dependence 0.234 0.861
M Default risk s s 0.001 0.608
M2 Risk of decrease in current e 4 0012 0.849
liquidity ' '
I3 Risk of decrease in return on T T T I T T4 Fols T
core activities Bl Bl
Iy i Iy r,
aRslzI;tc;f obsolescence of fixed 0.001 0.905
Iis X X Ty o -
Risk of reduced investment 0183 0.994

attractiveness

Source: compiled by the authors.
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where CL — the level of confidence in the
consensus forecast; x, — the consensus
means of the j-th indicator; ¢, — the standard
deviation of the predicted values of the j-th
indicator from X ; me(xj) — the consensus
median of the j-th indicator.

Formula (11) was used to determine the
level of confidence in the coefficients and the
indicator “Net change in cash” (11).

CL=1—(zﬁ(1+RSD) ] (11)
i=l

where RSD; — the coefficient of variation
of the j-th indicator included in the model
for calculating the indicator under study;
i — the number of j-th indicators included in
the model for calculating the indicator under
study.

Table 2 presents the calculated indicators.

To calculate the value of the financial
dependence risk indicator, we use formula
(12).

(12)

where r — the value of the financial
dependence risk indicator; Vj,, — the forecast
value of the D/E indicator; 17[ — the average
value of the D/E indicator for the last i periods
(years).

In accordance with the methodology,
the calculated initial data are presented in
Table 3.

The prerequisites and conclusion spaces
given in Table 3 form a financial risks
“chain” of this organization. Based on the
available data, it is possible to calculate
the probability index for the occurrence of
a complete “chain” of risks using formulas
(5)-(8), for this “chain” it has a value
of 0.042 (4.2%), as well as an aggregate
confidence degree indicator — 0.749 (74.9%).
It seems possible to calculate the additional
effect of the total risk both for individual
decomposition levels of the Macy’s fuzzy
evaluation model of the financial risk chain,
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and for the entire “chain” using formula
(13). However, the implementation of these
calculations requires an internal audit of
the organization’s business processes and
a professional assessment of losses from
possible risks, taking into account the
risk management strategy chosen by the
organization.

init qend
(A Az,

N N
Mi,j :ZZRi,j

i=1 j=1

13)

where M, ; — the added effect of the total
risk characterizing the costs associated
with managing the j-th risk at the i-th
decomposition level of the fuzzy evaluation
model of the financial risk chain (M, — the
added effect of the total risk of the full
financial risk “chains”); R ; — an aggregated
fuzzy indicator that characterizes the
31gn1ﬁcance of this risk in the financial risk
“chain” obtained by formula (5); (4™ Ae““I

a change in the structure of t e f1nanc1a1
risk “chain” when considering alternatives
to each risk indicator or risk situation in
order to find the best solutions that provide
an acceptable value of the aggregate value of
the indicator for the considered “chains” of
financial risks in order to implement the risk
management strategy.

Accordingly, the values obtained using the
proposed method of direct fuzzy evaluation
of the financial risk “chain” allow us to draw
the following conclusion. Macy’s in the
current environment is threatened by the
emergence and realization of risk situations
of a financial risk “chain”, accompanied by a
cumulative effect leading to serious losses
for Macy’s, with a probability of 4.2% and
a confidence degree of 74.9%. However, in
order to conduct effective risk management,
it is necessary to constantly monitor
emerging risks based on a dynamic approach.

In the future, the development of the
proposed methodology is the creation
of an application software product
that implements the main stages of
the methodology based on the Python
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programming language, and its integration
into the information system of the
organization. In addition, it is advisable to
develop software for monitoring emerging
risks and compiling economically justified
prerequisites and conclusion spaces based
on the identified risks.

CONCLUSION

In modern conditions, specialists involved
in risk management in organizations,
when building models and forecasts, and
mathematical descriptions of risk situations,
should also rely on a dynamic approach,
among the many factors of which a
significant place is given to the time factor.
Moreover, it is often difficult for the top
managers of organizations to provide the
analyzed risks with an objective quantitative
assessment for the purpose of subsequent
economic and mathematical modeling and
forecasting. These circumstances affect the
quality of managerial decisions. Particular
attention should be paid to assessing
financial risks, including changes in the
purchasing power of money, inflationary
expectations, investment turbulence,
variability in the organizational structure,
and the business model being implemented.

The proposed method of direct fuzzy
evaluation of the financial risk “chain” is

aimed at solving the above problems with
the proper level of expert assessments of
emerging risks, constant monitoring of
the current financial condition, competent
compilation prerequisites and conclusion
spaces, and the correct choice of risk
management strategy allows accurately
assessing the threat of a certain “chains” of
risks and losses from the implementation
of specific risk situations for any
organization in the context of dynamic
changes in the internal and external
elements of the business environment. The
advantage of the described technique is the
comparability of high estimation accuracy
with low labor and time costs for modeling
in systematic and comprehensive analysis.
The methodology will allow organizations
to more effectively and adaptively plan
the risk management process, which will
significantly increase the organization’s
resilience in a turbulent environment
and remain focused on creating economic
added value. The described methodology
is a management decision support tool
that allows to comprehensively study
the financial and economic aspects of
the functioning of the organization, and
develop a corporate strategy, taking into
account the diagnosis and optimization of
risks and risk situations.
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