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MODERN TOOLS FOR FORMING THE OPTIMAL
STRUCTURE OF REVENUES OF TERRITORIAL
COMMUNITIES' BUDGETS

ABSTRACT

The influence of budgetary risks on the formation of revenues of budgets of territorial
communities is investigated and a methodical approach to estimating the structure of
revenues of budgets of territorial communities in the conditions of financial decentrali-
zation is developed. It is noted that today the introduction of the latest methods for
optimizing the revenues of the budgets of territorial communities with permanent con-
trol over the level of budgetary risks becomes especially important. Mathematical fore-
casting of the probability of budget risks and its empirical measurement requires special
attention. The main approaches of domestic and foreign scientists to forecasting the
probability of budget risks with the help of economic and mathematical tools are con-
sidered. Its practical use, on the one hand, will ensure their permanent control, and on
the other - will allow optimization of the revenues of the budgets of territorial commu-
nities. It is established that the existing methods are difficult to implement in domestic
practice due to their significant mathematical calculation. Calculations were made using
the postulates of portfolio theory, in particular the portfolio approach of J. Hicks, which
allowed to form a rational structure of revenues of budgets of territorial communities in
terms of general and special funds, as well as to identify ways to minimize budgetary
risks to ensure optimal revenue structure without interbudgetary transfers in conditions
of permanent crisis phenomena. This will allow local governments of territorial commu-
nities to increase the performance of their budgets. The latest tools of financial decision-
making using J. Hicks' portfolio approach to the formation of the optimal structure of
budget revenues of territorial communities without intergovernmental transfers, taking
into account the level of budgetary risk, were obtained by applying the tools of economic
and mathematical modeling. It is concluded that the latest tools for the formation of the
optimal structure of budget revenues of territorial communities with permanent fore-
casting of the maximum possible level of their growth under the control of budget risks
allow the development of ways to minimize, forming many scenarios for the optimal
structure of future budget revenues and budget risk. It is established that the proposed
toolkit allows to generate alternative financial solutions for local governments and as-
sess the results and consequences of their possible adoption in determining strategic
guidelines for the development of local community finances. It is proposed to further
use the developed scientific and methodological approach to optimize the revenue struc-
ture of budgets of territorial communities in the context of various budgetary risks,
which, of course, will allow local governments to make effective financial decisions in
developing programs of socio-economic development of territorial communities.

Keywords: financial capacity of the territorial community, finances of territorial com-
munities, a budget of the territorial community, financial decentralization, financial sys-
tem, budget risk, local borrowings, revenues of the budget of the territorial community
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INTRODUCTION

The realities of financial decentralization create prerogatives for the effective socio-eco-
nomic development of territorial communities (TC), which is reflected in the indicators
of their budgets. The reform of local self-government has created conditions for increas-
ing the financial capacity and sustainability of local territorial communities through the
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expansion of budget revenues. This led to their absolute growth, providing opportunities to adequately respond to budg-
etary risks. At the same time, adequate response to various budget risks requires real budget planning, which aims to
optimize the structure of revenues and expenditures, increase own resources, and develop methodological and economic-
mathematical tools, which will increase the financial capacity and self-sufficiency of territorial communities.

LITERATURE REVIEW

A critical study of the latest research and publications that have begun to address this issue is in the field of view of many
scientists. In particular, the definition of budgetary risks at different levels of taxonomy is considered in the works of
Khokhlov N. [8] and Khokhlova N. [9], however, they do not provide a mathematical apparatus for their identification or
measurement. Their mathematical justification is considered by Raevsky K. and Eleiko J. [12], Eigel F. [6], Bulgakova S,
Mykytyuk I. [3], Balatsky E. and Spitzgluz S. [2], J. Hicks [8]. The development of economic and mathematical tools for
assessing budgetary risks is reflected in the works of Kushlyk-Divulska I. and Kushlyk B. [10], Vitlinsky V. [14], however,
the achievements of these scientists are not characterized by the development of tools for quantitative measurement of
budget risks. Hrynchyshyn 1. [7], Dub A. [4], Kravtsiv V., and Storonianska I. [13] in their research focus on finding out
possible losses of local budgets due to various risks, but the issue of a quantitative assessment of each type of risk is not
covered. Kutsenko T. and Verbytska A. [11] in scientific works review the basic tools that have already been created and
used to model and assess the budget capacity of local communities, but scientists do not mention the impact of budget
risks.

At the same time, the most common method of quantitative risk assessment of regional budgets, proposed and used by
scientists, in particular, Ayupova S. [1] is a statistical analysis using variance, standard deviation, and coefficient of varia-
tion. These indicators are usually calculated for the budget execution indicator (the risk of non-fulfillment of the planned
budget indicators is determined). In turn, according to Yumit Karagozlyu [15], for a full and objective assessment of local
budget risks, there is a need to take into account a wider range of uncertainty characteristics in the field of budget planning
and execution, in particular, risk planning and budget indicators the impact of risk factors. A thorough analysis of scientific
papers shows that, despite the rather significant and thorough scientific and theoretical developments, research and de-
velopment of economic and mathematical tools for assessing budgetary risks in general and territorial community budgets,
in particular, have not yet been properly reflected. However, a thorough analysis of scientific papers on this subject shows
that, despite the rather significant and thorough scientific and theoretical developments, research and development of
economic and mathematical tools for assessing budgetary risks in general and territorial community budgets, in particular,
have not yet been properly reflected in the works of modern scientists.

However, all further scientific results of this work will be based on the generalization of conclusions obtained by domestic
and foreign scientists, in order to develop an appropriate methodological basis for studying the probability of occurrence
and measuring the level of risk of local budgets based on their own economic and mathematical approach.

AIMS AND OBIJECTIVES

The aim of the article is to develop a scientific and methodological approach using economic and mathematical modeling
tools to assess the structure of budget revenues of territorial communities and form, on this basis, proposals for their
optimization in the context of permanent control of budgetary risks. Achieving this goal requires solving the following
tasks:

= highlight the theoretical postulates for the development of a methodological approach to optimize the structure of
budget revenues of local communities, using portfolio analysis by J. Hicks;

= develop stages of economic and mathematical modeling of the optimal structure of budget revenues of territorial
communities at a given (controlled) level of budget risk;

= model and visualize the economic-mathematical model of the optimal structure of budget revenues of territorial
communities by selected stages, using trends and results identified during the analysis of structural imbalances in
their budget revenues and identification of budget risks.
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METHODS

In order to achieve this goal and to solve the set task, we used general and special scientific and economic-mathematical
methods. In particular, empirical, mathematical, and statistical methods were used in the research and analytical assess-
ment of the structure of revenues of budgets of territorial communities: descriptive-statistical, structural-index methods -
to find out the determinants of imbalances in revenues of budgets of territorial communities; comparative analysis - in
order to identify imbalances in the structure of budget revenues of territorial communities; directions for optimizing the
structure of budget revenues of territorial communities at a controlled level of budget risk were developed using correla-
tion-regression modeling, formalization, and tools of economic modeling.

Directly in the development of economic and mathematical models of such a plan, the foreign practice uses statistical
methods of risk assessment, the essence of which is to determine the probability of losses based on statistics from the
previous period and establish the area (zone) of risk, risk factor and more. It is also possible to use the method of
simulation, which is one of the effective methods of analysis of the economic system. In turn, the technology "Risk Metrics",
developed by J. P. Morgan can also be used to assess budgetary risk, although it is adapted to the securities market. Using
the method of reliable equivalents, the expected values of the flow of payments are adjusted by introducing special
reduction factors in order to bring the expected revenues to the values of payments. The calculation of these coefficients
is practically unquestionable, and their values can be reliably determined, which is relevant for budget revenues and
expenditures. Taking into account the main methods of risk assessment used in foreign countries, as well as based on our
own developed mathematical apparatus, we predicted the probability of occurrence and empirically studied the budgetary
risks of local communities, and assessed the revenue structure of local communities.

RESULTS

In practice, the finances of territorial communities as a socio-economic system are characterized by stages of functioning
and development. In the area of functioning, the finances of territorial communities as a system are supported in the set
parameters, and the functions that determine the integrity of the system are preserved. At the same time, development
is @ dynamic process that forces the finances of territorial communities as a system to improve their socio-economic
parameters and increase financial performance. Accordingly, it can be stated that ensuring the strategic development of
TC finances is associated with their functioning in the context of the established TC budgets with the optimal revenue
structure at a controlled level of budget risk. The implementation of such an approach is possible under the condition of
making strategic financial decisions based on advanced methods of their modeling. We modeled the vectors of strategic
development of TC finances, using trends and results identified during the analysis of structural imbalances in TC budget
revenues and identification of budget risks.

We consider acceptable in the context of our study the work of J. Hicks [8], in particular using the postulates of portfolio
theory. At the same time, we are convinced that the problem of measurability of goals, values, and criteria is extremely
important for the implementation of the procedure for choosing the optimal financial solution [9]. Making the best financial
decision involves achieving specific goals, which are used to compare alternative financial decisions with each other in the
level of preference One solution is better than another only if it is better suited to the intended purpose. The mathematical
expression or model of the goal is the target function (criterion) of the quality of the financial decision, which in the case
of optimization is determined by the criterion of optimality.

Accordingly, the vector of development of finances of territorial communities lies in the area of the need to form the
optimal structure of TC budget revenues (excluding intergovernmental transfers) by the criterion of maximizing the level
of TC budget revenues growth at a given level of budget risk.

Thus, we model a situation in which it is necessary to determine the following proportions of the distribution of budget
revenues of the territorial community without taking into account intergovernmental transfers (tax revenues -, non-tax
revenues — y,, income from capital transactions — y;, where y; € [0,1] — the share of budget revenues of the territorial
community excluding inter-budget transfers, which fall on the /-th type of revenues), so that the budget risk on budget
revenues of the territorial community o,s0 that the budget risk on budget revenues of the territorial community at a given
expected level of revenue growth of the territorial community without inter-budget transfers n; was set (controlled). We
model the problem of forming the optimal structure of TC budget revenues without taking into account intergovernmental
transfers in a slightly different formulation: at a given level of budget risk (variation) of TC budget revenues without taking
into account intergovernmental transfers D; we have to find such shares of y; revenues that can maximize the level of TC
budget revenues without taking into account intergovernmental transfers.
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max g = max(iyy; + fy2 + Usys) (1)

X173
In the mathematical formulation of the developed financial problem we have:

012y1% + 022y, + 032y3? + 21150101y, + 211301031 Y3 + 21330203Y,Y3 = Dy (2)
where min{o,?, 0,2, 03°} < D; < max{0,?, 5,2, 05%}.

To solve the financial problem,we substitute the formula y; = 1 — y, — y; in equation (3), and obtain the following equality:
Dy = 012(1 =y, — y3)% + 02%2y,% + 03232 + +2113010,(1 — ¥, — ¥3)y2 + 21130103(1 — ¥, — ¥3)y3 + 21230,03Y2)3 (3)
In order to find y, we have to form the equation:

(012 + 022 = 21120102)Y,%(01% + 02 — 21120102)Y,° + 2[1230,03Y3 — 1130103Y3 + 11,010, (1 — y3) — 012 (1 = y3) ]y, +

+012(1 = y3)% + 03%y3® + 21130103(1 — y3)y3 = Dg = 0 4

The coefficient y,2in equation (4) is positive, and can be zero only in the case of equality of standard deviations of the
first and second components of TC budget revenues (o; = ag,) without taking into account intergovernmental transfers
and with their full correlation 1, = 1: 0,2 + 0,2 — 211,010, = 012 + 0,2 — 20,0, = (0; — 0,)? = 0 (which is unlikely in prac-
tice).

Therefore, let the more general condition for the positiveness of the expression be satisfied:
012 + 0-22 - 27‘120‘10‘2 >0 (5)
If this inequality holds, then the positive solution of equation (4) can be written as:

¥z = [012(1 = ¥3) — 1120102(1 = y3) + 1130103Y3 — 1230203Y3 + ((012(1 — ¥3) — 1120102(1 — ¥3) + 1130103Y3 —

1
—T1330203Y3)% — (0% + 05° — 21120105) (01 % (1 — y3)? + 03%y5° + 21130103 (1 — ¥3)y3 — Dg))2]/(01% + 0,% — 21150105).  (6)

Substituting formula (6) in (2), we write the expected level of growth of TC budget revenues without taking into account
intergovernmental transfers as:

ta = iy + (a3 — p)ys + (e — ) X [012(1 = y3) — 1120102(1 — y3) + 11301033 — 1230,03y3 + ((0:*(1 — y3) —

—71120102(1 = ¥3) + 11301 03Y3 — 1330,03Y3)? — (01 + 02 — 2112010) (012 (1 — ¥3)* + 032y3% + 21130103(1 — y3)ys —

—Da))E)/ (02 + 05 — 21130,0). @)

Find the differential of equation (7) for the variable y;:

dug

1
1y, M + (12 — 1) X [112010, + 1130103 — 1330503 + 5 X ((0:*(1 = y3) = 1120102(1 = y3) + 1130103Y5 —

1
~T330203Y3)% — (0% + 05° — 21120105)(01%(1 — ¥3)? + 03%y3” + 21130105(1 — y3)y3 — Dg)) 7z X (2(0,%(1 — y3) —
—71120103(1 = ¥3) + 1130103Y3 — 1330,03Y3) X (1120107 + 1130103 — 1230203 — 012) — (012 + 0,% — 211,0103) X

X (203%y3 — 201%(1 — y3) + 21130105 — 41130103Y3))]/(01° + 02% — 211,0107) )]
To simplify, we introduce the notation:

Ay = 112010, + 1130103 — 1330503 — 01%; 9
a, = 0,2 + 0,2 — 211,0,05. (10)

We equate the derivative to zero and get:
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1
ps = pg + (up — ) X [ag + ;((012 = 112010, + (1120105 + 1130103 — 1230503 — 012)y3)* — ay(01* — Dy +

1
+ 2(r130103 — 012)y3 + (01 + 032 — 21130103)y3%)) 2 X (2a1(01° — 112010, + a1Y3) — 2a,(03%y3 — 0:2(1 — y3) +
+ 1130103 — 21130103y3))]/a; = 0. (11)

To simplify the transformation, we introduce the notation:

az = 012 — 1120102, (12)
ay = 1130103 — 012, (13)
asg = 0'12 + 0'32 - 27‘130’103. (14)

Taking into account expressions (12—-14), to simplify the transformations we write equation (15) as:

1 _:
pz — g + (U — pg) X [ag + ;((‘13 +a1y3)? — a,(01% — Dg + 2a4y;3 + asysz?)) 2 X (2a,(az + a1y3) — 2a(a, +
+ asys))]/a; = 0. (15)

After mathematical transformations we get:

[(us = u)az + (uz — pr)ag] x [a3 — ay(of — D) + 2(aya3 — ayas)ys + (af — azas)y3] = (u1 — ux)lara; —
aza, + + (a1 — azas)ys]. (16)

For simplicity, we denote:

by = a,a3 — aas; 17)
b, = a;%? — ayag (18)

Substituting the notation in the formula (16), we obtain:

(sz = (ug — Hz)zbzz)Y32 + 2(Kby — byby(uy — Hz)z)}’3 + K(a32 - a2(0'12 - Dd)) - b12(#1 - Hz)z =0, (19)
where K = [(uz — ) az + (uz — ) aq 1% (20)
If: Kby — (g — p2)%b,”> > 0, (21)

then the positive solution of equation (19) will look like:

y3 = [b1by (1 — 12)% — Kby — ((byba(uy — p2)? — Kby)? — (Kby — (1 — 142)?h2%) - (K(as? — az(01% — Dg)) —
— by (1 = 12)2)2)/ (Kby — (11 = 12)?b,%). (22)

Substituting (22) into (16), we obtain the optimal share y,. If the inequality opposite to (21) holds, then:

y3 = [b1by(py — #2)2 = Kby — ((b1b2(1q — Mz)z - Kb1)2 — (Kb — (41 — ﬂz)zbzz) X (K(a32 - a2(012 —Dy)) -
— by® (1 — 12)?))2]/ (Kby — (1 — 12)?b2"). (23)

Consider the partial case of problem (12), (13), in which the components of TC budget revenues without taking into
account intergovernmental transfers are independent of each other:

T3 =Ti3 =T33 = 0. (24)
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Then equality (14) is simplified:
(012 + 022)y2% = 2012(1 = x3)y, + 01> (1 = y3)? + 032y3% — Dy = 0. (25)

Accordingly, the solution (25) relatively y,will look:

(0'12(1—Y3)+\/(Dd_U3ZJ’32)(U1Z+522)—512522(1—3/3)2)

Y2 = . (26)

(0,%+02%)

Formula (26) for the expected level of growth of TC budget revenues without taking into account intergovernmental
transfers also becomes simpler:

1
2

[(D4=052y:2)(0,2+3,2)~0,20,> (1-y3)?] +a12(1—y3)>_ 27)

(0,2+0,%) (0,2+0,%)

Ha = g + (U3 — pu)dys + (U2 — pg) X <

Therefore, we examine the range of allowable values of the expected level of revenue growth of the TC budget without
taking into account intergovernmental transfers by formula (27), solving this inequality:

(Dg — 03%y3°) (01 + 0,%) — 01%0,%(1 = y3)* = 0. (28)
Expression (28) can be written as follows:

z = 03%(01% + 022)y3% + 0120, (1 = y3)* — Dy (01 + 0,%) < 0, (29)
where0 < y; < 1.

Calculations confirm that z as a function of y; is convex because ;;Zz = 203%(0,% + 0,%) + 20,%0,% > 0. The suitability of
3
this derivative means precisely the convexity of the function z, which indicates that the function can acquire its greatest

value only at the ends of the interval where it is defined, when y; = 0 or y; = 1 [4].

If, y; = 0 we get:
z = 0,%0,% — Dy(0y% + 0,2, (30)
If y; = 1, we get:
z = (032 — D) (0,2 + 0,2). (31)

Inequalities (29) and formulas (30) and (31) imply restrictions on the variation of TC budget revenues without taking into
account intergovernmental transfers.:

0,%20,2

Dy =

Dd > 0'32. (32)

0,%+0,2"

The last inequality agrees with condition (13), if the variation of the third component of TC budget revenues is the smallest
of the variations of all components of community budget revenues without taking into account intergovernmental transfers.
And this can always be achieved by changing the numbering of TC budget revenue shares in the modeling process, which
will allow the use of the developed tools, regardless of the order of numbering of the components of community budget
revenues.

Assuming that conditions (32) are satisfied, we investigate function (27) to the maximum. To do this, we calculate its
derivative by the variable y;:

Z_: = (3 — py) + (up — 1) - [(Dg — 052y52) (04 + 6,%) — 0,20, (1 — y3)%] 72 x

(—632(0‘12+0‘22)Y3+U120'22(1—y3)) _ (a-pp)oy? (33)
(61%2+0,%) (612+022)
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Function (33) is constant only if the growth levels of the first and second components of TC budget revenues excluding
intergovernmental transfers are equal to each other: u; =y, .

Therefore, we will assume that inequalities hold:
(uz —p) >0; (U3 —p) >0;  (uz — ) >0. (34)
Under condition (34) we equate the obtained derivative (33) to zero and get:

1
(u3=11) (012 +0,2) [(Da—03°y32) (012 +0,%) — 0,2 0,2 (1-y3)?]2 _
(H1—p2)

—032(01% + 0, 2)y3 + 012022 (1 = y3). (35)

The left-hand side of equation (35) acquires only positive values if

_ (us—uq) 0,

(pz—p1)oq*
= M; = p3 ————-.
(Hy—p2) 3 s (36)

01%+0,2

Inequality (36) is fulfilled if the first component of TC budget revenues - tax revenues - has the lowest expected level of
growth:

p = minfuy, po, uzli - g > Ms (37)
or the highest expected level of growth:
py = max{uy, pp, uzti - wy < My (38)

If condition (36) is satisfied, then for the existence of a real solution of equation (35) it is necessary that the right-hand
side of this equation is positive:

0120,°(1 = y3) — 03%(0,% + 0,%)y3 > 0. (39)

The solution of inequality (39) will be as follows:

y3 < _ oiem? (40)

0120524012032 +0,20352"
Under conditions (36) and (40), equation (35) can be squared:

(M3—p1)%(01°+022)*[(Dg—052y35°) (012 +022)~ 012 0,* (1-¥3)?]
(uz—p1)?

=5 (0'120'22 - (0'120'22 + 0-120-32 + 0'220-32)}73)2. (41)

To simplify the transformations, we convert equation (41) to the canonical form:

[(D1D; + D1D3 + D;D3)*(uz — p11)* = (D1 + D3)?(D1D; + D1 D3 + D, D3) X (43 — p11)*1y3% + 2[D1 D, (D1 D, + D1 D3 +

+ D,D3)(pz — 1)? + D1 D, (Dy + D3)? X (M3 — p1)?]x3 + (M3 — p11)*(Dp (D1 + D2)* — (D1 + D;)?D1D;) — (4 —

- #1)2D12D22 =0 (42)

Whel‘e Di = O'iZ, (l = ﬁ).

Equation (42) will be linear if the condition is satisfied:

K = M3—pq — ‘/D1D2+D1D3+D2D3. (43)
Hi—H2 D1+D,

If expression (43) holds, equation (42) will have a solution:

_ (2= #1)?D1°Dy % =(M3—41)?(Dg(D1+D3)3 = (D1+D,)?D; D;)
2D D3[(D1D2+D1 D3+D;D3) (4 —t1)?+(D1+D2)? (M3 —p1)?]

V3 (44)
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Taking into account condition (43), formula (44) can be transformed as follows:

_ D1?Dy®=(D1Dy+D1D3+D;D3)(D1Dg+D2Dg—D1 D) (45)
4D,D,(D1D;+D,D3+D,D3) '

3

Substituting formula (45) into inequality (42), we obtain the following condition:

D1D5(D1D3+D,D3—2D1 D) (46)

Dy > )
@ 7 (DyD;)(D1D,+D1D3+D;Ds)

In addition to condition (46), it is necessary to find the condition of variation of TC budget revenues without taking into
account intergovernmental transfers, under which the solution (45) will be positive:

D1D,(DyD3+D;D342D4 D)
a : (47)
(D1+D3)(D1D,+D1D3+D,D3)

Thus, under conditions (43), (46) and (47), the value calculated by formula (45) is the extreme point of growth of TC
budget revenues without taking into account intergovernmental transfers 1. In order to determine whether the obtained
condition determines the minimum or maximum level of their growth, we calculate the second-order derivative:

dz _ 1 1
dyl:;i = %(_(D1Dz + Dy D3 + D;D3)[(Dg — D3ys*)(Dy + D3) — D1D,(1 — y3)%] 72 — 5 [(Da — D3ys*)(Dy + D;) —

—D1D,(1— Y3)2]_% X 2(=D3(Dy + D3)y; + D1 Do (1 — y3))?). (48)

As confirmed by the obtained formula, the second derivative is negative when u, — 1, > 0, the expected level of growth
of the TC budget revenue component excluding intergovernmental transfers exceeds the same indicator of the first com-
ponent of the community budget revenue. Therefore, formula (45) can be used to determine the share of the third com-
ponent of TC budget revenues without taking into account intergovernmental transfers, if condition (47) is met.So, for
example, if u, < u,, then, at the value y;calculated by the formula (45), the expected growth of TC budget revenues will
be the minimum possible for a given standard deviation a,. If condition (43) is violated, then the solution of equation (42)
requires the following inequality:

[D1D3 (D1 Dy + D1 D3 + DyD3) (1 — p11)? + D1Dy(Dy + D3)?(p3 — p11)?]* = [(D1 D + D1 D3 + D, D3)? (up — p1)? —
— (D1 + D3)? X (D1 D4 + Dy D3 + Dy D3) (13 — p11)?][(M5 — p11)*(Dg (D1 + D3)* — (D1 + D3)?D1 D) — (up —
- #1)2D12D22]- (49)

From inequality (49) we can derive the condition by value K = %:
27 H1

D1%D,%[DyD, + Dy D3 + DyD3 + K2(Dy + D;)2)% = [(D1Dy + Dy D3 + D,D3)2 — (Dy + D;)%(Dy D, + Dy D3 +
+ D;D3)K?] x [K2(Dy + D3)*(DgDy + DgDy — Dy D) — D, *Dy7. (50)

Condition (50) can be considered as a condition for variation of TC budget revenues without taking into account intergov-
ernmental transfers D,. In addition, expression (50) is a limitation of the level of allowable risk of TC budget revenues
without taking into account intergovernmental transfers.

According to table. 1, the proposed model is a tool for forecasting the results of financial decisions of local governments
on the formation of the optimal structure of community budget revenues without taking into account intergovernmental
transfers and forecasting the maximum possible level of their growth.
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Table 1. Scenarios for the development of territorial community finances to maximize the level of growth of community budget reve-
nues at a given level of budget risk. Note: only Scenario 4 allows us to form the optimal structure of TC budget revenues, which will allow the maxi-
mum possible revenue growth of 60% with a probability of budget risk of 0.02.

Components of 'I:C deget Optimal shares of TC Variation of TC Given level of budget risk The maximum level of growth
revenues excluding inter- | budget revenue com- budget revenue on revenues of the TC
governmental transfers ponents components budget of TC budget revenues, %
Scenario 1
Vi 0.4 0.02 0.02 40
V2 0.3 0.08
Vs 0.3 0.04
Scenario 2
Vi 0.5 0.02 0.03 70
V2 0.1 0.08
Vs 0.4 0.04
Scenario 3
Vi 0.7 0.02 0.04 30
V2 0.18 0.08
V3 0.12 0.04
Scenario 4
V1 0.4 0.02 0.05 60
V2 0.5 0.08
V3 0.1 0.04
Scenario 5
V1 0.5 0.02 0.06 20
V2 0.3 0.08
V3 0.2 0.04

Results. The developed approach makes it possible to take into account variations in the components of TC budget
revenues without taking into account intergovernmental transfers and expected levels of their growth while forming the
optimal structure of community budget revenues. This approach can also determine the maximum possible growth of TC
budget revenues for a given target level of budget risk.

The developed model is based on the resulting indicators of domestic financial decentralization and analytical data obtained
during the analysis of structural imbalances in the revenues of budgets of territorial communities and the identification of
budgetary risks. We set the economic and mathematical tasks for the first time. It allows us to solve the tasks step by step
and form the directions for the strategic development of finances of territorial communities in the future. We staged the
modeling in order to more effectively control the process of making strategic decisions to ensure the development of the
finances of local communities.

Accordingly, we propose the following steps:

= outlining the problem to be solved - the formation of the optimal structure of budget revenues of territorial commu-
nities without taking into account intergovernmental transfers;

. generating alternative actions to solve the problem - modeling the optimal structure of budget revenues of territorial
communities without taking into account intergovernmental transfers;

= development of methods for forecasting the consequences of each alternative financial solution - modeling scenarios
for the formation of the optimal structure of budget revenues of territorial communities without taking into account
intergovernmental transfers;

= development of a methodology for determining the probabilities for assessing the consequences of the decision -
calculation of the degree of budgetary risk for each simulated scenario;

= determination of the criteria of financial decision, which reflects the choice of the most optimal alternative, the value
of the components of revenues (tax revenues, non-tax revenues, income from capital transactions) of the budget of
territorial communities without intergovernmental transfers at a certain level of budgetary risk.

For the first time, we have developed a scientific and methodological approach to forming the optimal structure of budget
revenues of territorial communities without intergovernmental transfers and forecasting the maximum possible level of
their growth under the control of budgetary risks. This allows local governments to generate multiple scenarios for vectors

118 DOI: 10.55643/fcaptp.3.44.2022.3789


https://fkd.net.ua/
https://www.fta.org.ua/

FINANCIAL AND CREDIT ACTIVITY: PROBLEMS OF THEORY AND PRACTICE
Volume 3 (44), 2022

of development of their own finances based on the optimal revenue structure of its budget and evaluate the results of
each scenario, in particular, based on quantitative estimates of future revenues of local communities and budget risk.

DISCUSSION

In the scientific literature, there was no study of ways to optimize the structure of budget revenues of local communities
in the context of taking into account and controlling the level of budgetary risks using the tools of economic and mathe-
matical modeling.

At the same time, Yumit Karagozlu [15], developed a model for assessing the riskiness of local budgets, based on the
calculation of coefficients of variation: «... determining the risk of planning budget indicators (planning risk factor); as-
sessment of the risk of execution of budget indicators (coefficient of risk of execution); taking into account the influence
of risk-forming factors (coefficient of influence of risk-forming factors)"[15]. According to the scientific beliefs of Yumit
Karagozlyu [15], statistical assessment of local budget risk by planning and execution risk coefficients involves the calcu-
lation of variance, standard deviation, and coefficient of variation for performance indicators of revenue and expenditure
parts of the budget. The use of statistical methods in economic and mathematical modeling is effective in the analysis and
evaluation of different scenarios and taking into account different risk factors within one approach, but the use of proba-
bilistic characteristics narrows the practice of their implementation. At the same time, methods of simulation and probability
assessment give a simplified statistical assessment of the probability of budget risks or non-fulfillment of budgets of local
communities and allow analyzing of various probable events of budget risk, and this is a disadvantage, as such events can
complicate practical mathematical calculations. In addition, computer simulation in experiments with mathematical models
of complex real-world systems, although it allows us to obtain empirical estimates of the degree of influence of various
factors on the level of budget risk but requires significant resources and is not always possible in practice.In turn, the
technology "Risk Metrics", which was developed by J. P. Morgan "involves determining the degree of risk impact on the
event by calculating the" risk measure ", namely the maximum possible potential change in the price of the portfolio,
consisting of a different set of financial instruments, with a given probability and for a given period of time. Three main
methods are used to calculate the "risk measure": analytical (or variation-covariance method), historical modeling, and
statistical modeling (Monte Carlo method), which allow, based on the use of effective mathematical modeling tools, to
obtain objective information about the level budgetary risk. However, this method is characterized by the complexity of
calculations and the selection of parameters to assess this risk. Accordingly, in order to assess the structure of budget
revenues of territorial communities and form proposals on this basis for their optimization in the context of permanent
control of budgetary risks, we have developed a scientific and methodological approach using economic and mathematical
modeling tools, based on J. Hicks' portfolio approach, which is not difficult to be calculated and is the most adapted to
our defined mathematical problem.

The theoretical and methodological approach developed by us to quantify the structure of budget revenues of territorial
communities without taking into account intergovernmental transfers in terms of tax revenues, non-tax revenues, and
revenues from capital transactions takes into account the level of budget risk. This allows structuring the process of
identifying and assessing these risks and is based on empirical assessments of revenue generation processes. The practical
application of the proposed approach allows to model scenarios of budget risk, calculate their probabilities and obtain
quantitative estimates of possible losses of revenues of local budgets in terms of tax revenues, non-tax revenues, and
revenues from capital transactions in simulated scenarios.

CONCLUSIONS

Permanent crises affect the volume and structure of budget revenues of territorial communities, causing their significant
variation. At the same time, the inability to predict the probability of occurrence and the level of budget risk have a negative
impact on the course and effectiveness of financial decentralization. Therefore, it is necessary to develop an economic and
mathematical apparatus to form the optimal structure of budget revenues of territorial communities in terms of tax reve-
nues, non-tax revenues, and capital revenues and create prerogatives to identify the level of budgetary risks, based on
their empirical assessment and measurement.

The developed scientific and methodological approach to the formation of the optimal structure of budget revenues of
territorial communities in assessing the probability of budget risk allows to empirically measure it and predict scenarios of
its occurrence, preventing negative trends in the likelihood of a significant decline in budget revenues.
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Thus, we can conclude that in the process of modeling we have received the latest tools for financial decision-making
using the portfolio approach of J. Hicks to form the optimal revenue structure of the territorial community budget, taking
into account different types of budgetary risk at a certain predicted by mathematical calculations level. The proposed tools
allow local governments to generate alternative financial solutions and evaluate the results and consequences of their
possible adoption in determining the strategic guidelines for the development of their finances.

In cases where in practice a large number of scenarios will be modeled to form the optimal structure of budget revenues
of territorial communities in terms of tax revenues, non-tax revenues, revenues from capital transactions at a controlled
level of budget risk, local governments may face uncertainty in choosing a specific scenario. Therefore, in order to decide
on the choice of the most optimal of them, in our opinion, is to use the method of financial decision-making based on the
principle of the central situation. In this case, we choose a dominant situation from a set of existing scenario alternatives,
in which the total significance of the existing criteria for the effectiveness of the financial decision is maximum, and the
total significance of the criteria of other scenarios other than the central is minimal. In essence, the principle of the central
situation is that the financial decision is made on the basis of the priority of central situations in a gradually narrowing set
of alternative scenarios. In the context of our study, the choice of alternative is to identify the optimal structure of budget
revenues of territorial communities without taking into account intergovernmental transfers and is the basis for further
research, development, and research in this area.
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Knevicnep O., Cnacis H., Mapnryak /1.

HOBITHIW IHCTPYMEHTAPIA ®OPMYBAHHSl ONTUMAJIbHOI CTPYKTYPU OXOAIB
BFOXKETIB TEPUTOPIAJIbHNX TPOMA[

[JocnigxeHo Bnnme H6104KeTHUX pu3KKiB Ha (hOPMYBaHHS A0XO0AIB B10MKETIB TepuTOpianbHUX rpoMag, i po3pobneHo meTo-
OVYHWIA Nigxig 40 OUiHIOBAHHS CTPYKTYpW AOXOAIB BIOMKETIB TepUTOpiasibHUX rpoMas B YMoBax (hiHaHCOBOI AeLeHTpani-
3auji. 3a3HayeHo, WO CborogHi 0cobnnBOro 3HayeHHs HabyBa€e BNPOBAAXXEHHS B NMPAKTUKY HOBITHIX METOAMK LLOAO OMNTK-
Mi3auii goxoais 610MKeTIB TepuTopianbHUX rPoMag 3a NepMaHEHTHOro KOHTPOSIO 3a piBHEM 6omkeTHUX pusnkie. Came
MaTeMaTU4yHe NPOrHO3yBaHHS MMOBIPHOCTI HAaCTaHHS BIOMKETHUX PUSUKIB i MOro eMnipuyHe BUMIpOBaHHS NoTpebye oco-
611BOi yBaru. PO3rsiHyTO OCHOBHI MiAXOAM BITUM3HSIHUX | 3apyBiPKHUX HAYKOBLIB 10 MPOrHO3yBaHHS MMOBIPHOCTI HAaCTaHHS
6104)KETHUX PU3UKIB 3@ AOMOMOMOK EKOHOMIKO-MaTeMaTUYHOrO iHCTPYMEHTApIl0, BUKOPUCTAHHS SKOTO Ha NpakTuui, 3 oa-
Horo 60Ky, 3a6e3neunTb iX NepMaHEHTHMI1 KOHTPOSIb, @ 3 iHLIOro — AACTb 3MOMy ONTWMI3yBaTU A0X0AMN BIOAXKETIB TEpUTO-
pianbHUX rpoMag. YCTaHOBEHO, WO iCHYIOYi METOAMKN CKNAaAHO IMMIEMEHTYBATU Y BITUYM3HSHY MPAKTUKY B CUIY IXHBOIO
3HaYyHOro MaTeMaTM4Horo o6paxyHky. MpoBeaeHO po3paxyHKK 3a BUKOPUCTaHHS MNOCTyNaTiB nopTdenbHoi Teopii, 30kpema
noptdensHoro nigxoay k. Xikca, Wwo Aano 3Mory cpopMyBaTh pauioHanbHy CTPYKTYPY AOXOAIB GI0MKETIB TepuTOopianb-
HWX rpoMag y po3pisi 3araibHOro Ta cnewjianbHoro GoHAIB Ta iaeHTUdIKYBaTK HanpsiMK MiHiMi3auii 6I0AXETHUX pU3NKIB i3
MeTol0 3abe3neyeHHs ONTMManbHOI CTPYKTYpY Aoxo4iB 6e3 ypaxyBaHHS MiKOomKeTHMX TpaHcdhepTiB B YMOBax nepMaHe-
HTHUX KPU30BMX SIBMLL, LIO AO3BOMIMTL OpraHaM MiCLEBOro CaMoBpsAyBaHHS TepuTOpiaribHUX rpoMaj MiABULMTU BUKO-
HaHH$S MOKa3HMKIB A0X0AIB iXHiX 6romxeTiB. LLINSXOM 3acTOCyBaHHS iIHCTPYMEHTApil0 EKOHOMIKO-MaTeEMaTUYHOro MOAENIO-
BaHHS OTPUMAHO HOBITHIl IHCTPYMeHTapin NPUNUHATTS iHAHCOBMX pillleHb i3 BUKOPUCTaHHAM MopTdenbHOro niaxoay
[x. Xikca woao (opMyBaHHS ONTUMAbHOI CTPYKTYPWU AOXOAIB GIOAXKETy TepuTopianbHUX rpoMag 6e3 MiKOrmKeTHUX
TpaHcepTiB i3 ypaxyBaHHSM PiBHS BIOAPKETHOIO pU3MKY. 3pO6/IEHO BUCHOBOK, LLIO PO3POBNEHWNIA HOBITHIM IHCTPYMEHTapIl
[0 (pOopMyBaHHS ONTUManbHOI CTPYKTYPWU AOXOAIB BIOAXeTy TepuTopianbHUX rpoMaj 3a NepMaHEHTHOro NPOrHO3yBaHHS
MaKCMMasibHO MOX/IMBOrO PiBHS IXHbOMO 3POCTAHHSA NPU YMOBI KOHTPOO BIOAXETHUX PU3MKIB Yy pasi iXHbOoI igeHTudIKauji
[@€ 3MOry po3pobnsTH WASIXM MiHiMi3aLjii, (hoOpMYyHOUN MHOXWHM CLIEHapIiB LWOAO ONTUMAsbHOT CTPYKTYPU MalbyTHIX AOXO-
[iB B1oDKeTY Ta BIOMKETHOrO pU3MKy. YCTaHOBMEHO, WO 3aMpONOHOBaHUIA iHCTPYMEHTaPpIl a€E 3MOry reHepyBaTh anbTe-
pHaTMBHI (hiHaHCOBI PilLEHHS1 OpraHaM CaMOBpPsiZlyBaHHS TEPUTOPIa/IbHUX rPoMaZ Ta OLHIOBaTW pe3ysibTaTh U Hacniaku
MOXX/TMBOIO iXHBOIO MPUMHATTS 3@ BU3HAYEHHS CTPaTEriYHUX OPIEHTMPIB PO3BUTKY (hiHAHCIB TEpUTOpIanbHWX rpoMaa. 3a-
MPOMNOHOBAHO B MOAA/bLIOMY BUKOPUCTOBYBAaTU PO3PO6IEHMI A HayKOBO-METOANYHMI Niaxis WOoAO0 ONTMMI3aLii CTPYKTypu
poxogis 610aKeTIB TepMTOpianbHMX FPOMaA Y KOHTEKCTI HaCTaHHS Pi3HOro poay OlomKeTHUX pu3ukis, WO, 6e3yMOBHO,
[03BOSIUTb OpraHaM MiCLEeBOro CaMoBpsiAyBaHHS yxXBanoBaTh edekT1BHI (iHaHCOBI pilleHHs npy po3pobui nporpam coui-
aNbHO-EKOHOMIYHOIO PO3BUTKY TEpUTOpIanbHUX rpomag.

KniouoBi cnoBa: ¢iHaHCOBa CMPOMOXHICTb TepuTOpianbHOi rpoMaau, diHaHCK TepuTopianbHUX rpoMag, biomkeT Tepu-
TopianbHOI rpoMaau, diHaHcoBa AeueHTpanisauis, diHaHcoBa cucTeMa, BIOMKETHUIA PU3MK, MICLEBI 3aM03MYEHHS, AOXOAN

6100KeTy TepuTOpianbHOi rpoMaam
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