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Abstract: In this paper, we delve into a groundbreaking methodology that evaluates the sustainable development of
territories through a geometric approach. We exp

lore novel approaches to assess sustainable development by constructing geometric figures that represent economic,
social, and environmental levels of development. This innovative approach enables the evaluation of the balance
between these spheres by determining the areas of the inscribed figures and examining their ratios. Through this
geometric framework, a comprehensive understanding of the sustainable development landscape can be obtained.
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1 Introduction

The imperative of sustainable development (SD) stands as one of the utmost priorities in today's world 0 [2]. It
commands the attention of global leaders, drives the implementation of numerous governmental and intergovernmental
programs, and serves as the focal point for countless scientific studies. By aligning OBQ and SD, businesses can
achieve a competitive advantage, attract and retain top talent, and build a reputation as a responsible corporate citizen
0000. Prominent international organizations have long recognized SD significance 00. At its core, the concept of
sustainable development strives to forge a comprehensive connection between three vital components: the economy,
society, and the environment. It endeavors to foster collaboration among developed nations, governments, businesses,
civil society, scientific expertise, governmental policies, urban and rural communities, and both present and future
generations 0.

To effectively tackle the pressing challenges confronting nations across the globe, the concept of sustainable
development should serve as the foundation for devising solutions. This paradigm, recognized as the most promising
ideology of the 21st century, transcends the limitations of fragmented existing worldview ideologies, rendering them
insufficient for guiding civilization toward balanced development. Assessing the level of sustainable development holds
paramount importance within the field of sustainable development research. This evaluation is crucial for
comprehending the current state of affairs, pinpointing problems and imbalances, delving into their root causes, and
substantiating the implications and remedies for achieving sustainable development goals.

Within the scope of this work, we will focus on the study of the level of sustainable development of the country in the
regional aspect. The regional aspect of sustainable development research is important for sufficiently large countries
with a significant level of regional asymmetries 0.
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2 Methodologies

Currently, there are many approaches to assessing the integral levels of development of countries and their regions from
different positions and according to different parameters. All of them involve the selection of a system of quantitative
parameters (indicators), which in practice are determined by the availability, accessibility, objectivity, efficiency, and
meaningfulness of the existing statistical base.

International organizations, foreign and domestic scientific institutes have proposed approaches to assessing the level of
sustainability of development of territorial systems at different levels (macro-, meso- and micro-levels). The methods of
assessing sustainability of development, which are based on the index approach of determining the integral level of
social, economic and ecological development and summing them up into a generalizing index of sustainable
development of a certain territorial system, have gained the greatest recognition. The most common methods of
assessing the level of sustainable development of territories, which have become widely used in world practice, are
presented in the table 1.

3 Discussions

These approaches have important methodological and applied value for the assessment of sustainable development of
the regions of Ukraine and allow to identify indicators that reflect the initiatives of countries and international
organizations in approaches to the assessment of sustainable development issues related to integration policy in the
economic, social and environmental spheres 0.

However, certain approaches may not provide a comprehensive examination of balanced development across social,
economic, and environmental dimensions. Instead, they tend to focus on specific areas or aspects. For instance, the
United Nations Development Program (UNDP) and the United Nations Department for Economic and Social Affairs
(UNDESA) concentrate on the social dimension. On the economic front, the World Economic Forum and the
Intellectual Center of the Foundation (Heritage Foundation) play key roles in assessment. Meanwhile, the methodology
employed by Yale and Columbia Universities in the United States is used by the World Economic Forum to evaluate
the Environmental Sustainability Index. The World Bank, in collaboration with the United Nations Environment
Program (UNEP) and the International Center for Tropical Agriculture (CIAT), contributes to the assessment of
environmental factors.

4 Results

In addition, a significant number of indicators are adapted for use only at the national level. Therefore, taking into
account world developments, we will determine the directions of evaluation of sustainable development for the regions
of Ukraine. In order to achieve this, our assessment methodology will incorporate a set of indicators that capture the
volume, structure, quality, and efficiency of resource utilization. These indicators will be derived through mathematical
analysis of primary data from official statistical sources such as the State Statistics Service of Ukraine, ministries and
agencies, research institutes, the National Bank of Ukraine, as well as our own observations.

Figure 1 illustrates the different dimensions of the integrated assessment of regional sustainable development. The
specific indicators within each dimension may vary depending on the statistical data available and the unique
characteristics of each country's development. To determine the overall level of sustainable development in the region,
we propose a comparative analysis of two triangles, ABS and A'B'C', with a shared center point O (as shown in Figure
2) 0. The triangle ABC represents the reference level of sustainable development and is characterized by segments that
reflect the equidistant distances of the triangle's vertices from its center, namely AO, BO, and OC. On the other hand,
the triangle A'B'C' corresponds to the calculated level based on three values, represented by segments that measure the
distances from the triangle's vertices to point O — specifically, A'O, B'O, and C'O.

By comparing the areas of these two triangles, we can assess the integral level of sustainable development in the region.
This approach allows us to quantify the progress made in achieving sustainable development goals and identify areas
that require further attention and improvement.
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Table 1: Some methods of assessing the level of sustainable development.

Developers Calculation System of indicators Practical Comment
method implementation
1 2 3 4 5
World Economic The Includes indicators: Annual Allows to take into
Forum methodology - technological development; calculations are account the level of
[www.weforum.or | provides for the | - public institutions; made for 117 economic
g] calculation of the | - macroeconomic environment countries of the development, the role
index of world and of the institutional
competitive published in the component, but does
development Global not take into account
Competitiveness other areas of
Report sustainable
development
Heritage The The 10 Economic Freedoms: Based on the The methodology is
Foundation methodology Business Freedom; Trade calculations, aimed at assessing
[https://web.archiv provide§ for the |Freedom; Fiscz}l Freedom; countries are rated | economic
c.org /\;veb " (;08 022 f:alculatlon of the | Government Size; Monetary by the lgvel of develqpment ar}d the
7'0 44144/ http://ww index of Fﬁ:edo.m; Investment Freedom; | economic freedom ﬁnanc%al capacity of
w.heritage Or'g Jrese | SCOnomic Fllnanc1a1 Freedom; Property countries
ar;:h/ fea tur'es Jindex freedom Rights; freedom from
/chapters/pdf/index Corruption; Labor Freedom
2008 execsum.pdf
https://www.herita
ge.org/]
Yale and The Contains indicators: The The methodology
Columbia methodology Characteristics of the Environmental allows for detailed
Universities, USA, | provides for the | environment; Sustainability monitoring of the
for the World calgulation of the | | avel of pollution and impact on Index (ESI) is a ecological
Economlc Forum env1r9nm§ptal the environment; measure of overall | development of .the
in Davos sustainability . . progress towards | country and regions,
index .10sses to society from pollution environmental which can be used to
[https://www.yale. mn in the form of product losses, S )
. sustainability. The | assess the ecological
edu/about-yale] ESI diseases, etc.; ind id here of sustainable
(Environmental | Social and institutional capacity R POV a e
Sustainability . tter environmental comprehenswe deV.elopment of
Index) 10 counter environme profile of national | regions
1Impacts; environmental
Reducing the population's protection based
dependence on environmental on a composite of
influences; indicators derived
Opportunities to solve global from underlying
environmental problems by data sets
consolidating efforts to preserve
nature
United Nations The Contains indicators: Annual The indicators of this
Development methodology - the average life expectancy of | calculations are methodology should
Program involves the the population; made for 117 be included in the
[www.hdr.undp.or | calculation of the | _ level of education of the countries of the methodology for
g/reports/global] human population; world assessing the level of
development .. . sustainable
index - standard of living according to development of the

GDP per capita according to
purchasing power parity

region
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Continuation of the table. 1
1 2 3 4 5
Economist The methodology Contains indicators: Annual The proposed indicators
Intelligence  provides for the - GDP per capita; calculations are should be used when
Unit calculation of the - the average life expectancy of the made assessing the level of
[https://www |quality and safety of | country's population; financial security in the
.economist.co [life index - rating of political stability and areas of sustainable
m/media/pdf/ security of the country; development of the
QUALITY O - number of divorced families per region, when determining
F LIFE.pdf] 1000 population; the level of social
- the level of public activity; development of the
- climatic conditions of the population; region
- the level of unemployment in the
country;
- the level of political and social
freedoms in the country;
- the ratio between the average salary
of men and women
The The methodology Contains indicators: Annual To assess the level of
International involves taking into | - macroeconomic situation; calculations are sustainable development
Bank for account indicators - population development; made for different | of regions, it is advisable
Reconstructio | characterizing the - working conditions of enterprises; groups of to use the indicators
n and economic situation, | - integration into the world economy; | countries and proposed in the
Development | the state of the - state policy territories and methodology, grouping
[https://www | environment, the published in the them by areas of
.worldbank.or | level of human World sustainable development
g/en/who-we- | development for Development
are/ibrd] industrially Report
developed countries
and developing
countries
Redefining The methodology The proposed index acts as an Annual The main emphasis in the
Progress involves the alternative to GNP, which takes into calculations are methodology is focused
[https://gnhu | calculation of the account, in addition to economic carried out both on the assessment of
sa.org/genuin | Genuine Progress benefits, environmental losses, and for countries and | social and ecological
e-progress- Indicator (GPI), the evaluates the relative efficiency of the | their individual development, somewhat
indicator/; Index of Sustainable | economy over a certain period of time | regions indirectly - on the
https://en.wi | Economic Welfare economy
kipedia.org/ | (ISEW) or the index
wiki/Genuin | of the level of
e _progress i | environmental
ndicator#| impacts
United The methodology 4 main groups of indicators: A set of indicators | The methodology allows
Nations involves determining | - indicators of social aspects of is offered to for a comprehensive
Commission | the integral level of | sustainable development countries for approach to the
on sustainable - indicators of economic aspects of testing and assessment of the issues
Sustainable development sustainable development preparation of of sustainable
Development - indicators of ecological aspects of national programs | development. It is rather
(UNCSD) sustainable development difficult to quantify and
[https://www - indicators of institutional aspects of compare the institutional
.un.org/esa/s sustainable development (policy aspects of sustainable
ustdev/csd/cs planning, scientific developments, development
d9 indi_bp3. international legal instruments,
pdf] information support, strengthening the
role of the main population groups).
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Integrated assessment of sustainable development
of the region

Integrated assessment of social Integrated assessment of Integrated assessment of
development economic development | ecological development
. | Public Loads caused by human  |__|
Demographic load law and order intervention

Development of social
The comfort of living of the ~ [_| | infrastructure

population

Environmental protection |—
activity

Household living conditions The level of radiation

Financial capacity of the ] pollution

population

- Gross regional product
] Development of education —

Development of the service
sector

Development of industry —

] Development of the labor
market

Development of foreign
economic activity

Health status of the population Development of

— agriculture
Development of
. . L Construction — entrepreneurship
L Socio-political situation
development

Fig. 1. Areas of assessment of sustainable development of the region.
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Fig. 2. Graphic representation of the levels of sustainable development of the region.

AO - segment corresponding to the maximum level of economic development of the region;

BO — segment corresponding to the maximum level of social development of the region;

CO — segment corresponding to the maximum level of ecological development of the region;

A'O - segment corresponding to the estimated level of economic development of the region;

B'O - segment corresponding to the estimated level of social development of the region;

C'O - segment corresponding to the estimated level of ecological development of the region.

The common property of two triangles is the equality of all internal angles with the vertex at point O, i.e.:
LAOC=LA'OC'= _AOB=LA'OB'=LBOC=LB'OC 1)

The level of development in three spheres will be characterized by an appropriate indicator - the index of socio-
ecological and economic development of the region, which we propose to calculate as the ratio of the areas of triangles
ABC and A'B'C":
N
S, ABC
Isee = (2)
S, ABC

where Isee - is the index of socio-ecological and economic development of the region;

/]
S,A B C -area of triangle A'B'C’; 3)

S A ABC . area of triangle ABC. @

The initial data for determining this index are the lengths of the segments characterizing the distance of the vertices of
the triangles from their common center (point O). Calculation formula for calculating the area of a triangle:

Sy=+\p(p-a)(p-b)(p-c). 5)

where p is the semi-perimeter of triangle ABC;

a, b and c are the lengths of the sides of the triangle.
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The semi-perimeter p will be determined:

e JAO? + BO? +\/BO* +CO* +440° + CO?
2

accordingly, the socio-ecological-economic development index of the region will be calculated:

[ = YPe-A0)(p-B'0)(p-C'0)
€€ /p(p—A0)(p—BO)(p—CO)
Since in our case, the lengths of the segments AO, BO, and CO are understood as the reference (maximum) values of

the indices of economic, social, and ecological development, we can write the following equivalent designations for the
lengths of the segments:

; (6)

0

1" = AO = I — maximum index of economic development of the region;
" = BO = ] — maximum index of social development of the region;
L™ = CO = I — the maximum index of ecological development of the region.
For the lengths of segments A'O, B'O, C'O, you can write down the values of the calculated indices:
Ie = A'O - estimated index of economic development of the region;
Is = B'O - calculated index of social development of the region;
Iek = C'O - calculated index of ecological development of the region.

Accordingly, the formula for determining the socio-ecological-economic development index of the region will take the
following form:

L = Vp(p—1e)(p-1s) (p-lek) _ Yp(@-1e)(p=Is) (p-IeK)
see  [212(2,12-1,41(2,12-1,41)(2,12-1,41) 0,866

(8)

At the same time, the proposed method does not allow taking into account the level of development disparities in areas
of sustainable development. In order to take into account the level of balance of the spheres of sustainable development,
it is proposed to compare the area index of the circle inscribed in the triangle A'B'C' (relative to the reference value)
with the area index of this triangle, which will allow to determine the level of balance between each of the spheres,
because the increase in the area of the circle will indicate about high values of development levels in each of the spheres
and vice versa.

The level of balance will be determined by:

S 1y Urall +S [3Yali
Pba[=( 0A'B'C : AA'B'C —(p)-lOO%, (9)
SoABc TSAABC

where Pi; — level of balanced development of the region;

S oABC -area of a circle inscribed in a triangle 4'B'C";

S o“ABC - area of a circle inscribed in a triangle 4ABC;

@ - is a quasi-constant value obtained during calculations.

The balance index is equal to:
[ _ SOA/B/C! - SAA!B/CV
b

al — . s (10)
S()ABC - SAABC
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where I,,; — is the regional development balance index.

The area of the circle inscribed in the triangles ABC and A'B'C' is determined using the formula:

2 SA 4pc _2_ SAygc
Sopc=m" =n-—=5=, Sopc =" =g ——

p p

The application of the measure of balance of each of the spheres in the method of assessing the level of sustainable
development of the region will allow taking into account the level of their proportionality and uniformity of development.
According to this, the sustainable development index of the region will be determined: I, = I, X Iq;-

(In

The authors' methodology for assessing the level of sustainable development of countries and territories has been
developed, which, unlike the existing ones, allows taking into account the level of balance in its social, economic and
environmental spheres. On the other hand, recently, the COVID-19 pandemic has highlighted the importance of sustainable
development 00. The authors' methodology for assessing sustainable development considers the balance between social,
economic, and environmental spheres. This methodology can be used to track progress towards sustainable development
goals and inform policy decisions.

5 Conclusions and recommendation

Drawing on an analysis of methodological approaches adopted in global practices, this study presents a novel methodology
for evaluating the level of sustainable development in regions. This methodology entails the establishment of assessment
directions and a comprehensive system of indicators. In contrast to existing methods, the proposed approach enables the
determination of a region's level of balanced development across its various spheres.

The research emphasizes the need for further investigations into sustainable development and strongly recommends the
adoption of the proposed methodology by countries and regions. By doing so, it becomes possible to identify regional
disparities in the levels of sustainable development, specifically in terms of the equilibrium among social, economic, and
environmental dimensions. By utilizing this methodology, policymakers and researchers can gain valuable insights into the
regional dynamics of sustainable development and make informed decisions to foster more balanced and inclusive growth.
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