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Abstract

It is almost impossible to develop a universal approach to the formation of a green economy at the regional level, charac-
terized by differences in economic specialization, heterogeneity of investment activity, and a variety of natural conditions.
In this regard, this article aims to provide an analysis of the recent level of development of the green economy in the
Republic of Belarus based on indicators of the green economy for the development of competent management decisions.
The authors studied the indicators of the green economy in the Republic of Belarus using data mining methods. The
relationships between the rates of change of indicators were established, and the uniformity of their development was
researched. Trends in indicators were revealed. Based on the research results, reasoned conclusions were made. Measures
aimed at solving the identified problems were proposed.
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Introduction

A foundation for countries to achieve sustainable economic development, main
high positions in the rating on indicators of p_roblems, prospects, directions, outline the ba-
green economy development is the orientation sics of effective management of the green
of national policy on the results of scientific re- economy. The work of Bashorin O. V. (2012)
search by leading European, American and is devoted to the peculiarities of the transition
Asian scientists who develop tools and effec- to a green economy at the international and re-
tive management technologies, as well as study gional levels. In the Russian Federation the
the validity and feasibility of the world econo- works of Porfiriev B. N. (2013), Kozhevnikova
my's movement towards sustainable develop- T._M. (2013) are devoted to the rese_arch of sus-
ment and, in particular, towards a green econ- tainable development. At the regional level,
omy. Examples of such researches are the sustainable development is considered in the
works of Makiela and Misztur (2012). Makiela work of S. N. Kozlov (2020). Bobylev (2019)
and Misztur (2012) reveal the essence of identified green economy indicators and sus-

tainable development goals. He also proposed
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a system of indicators for assessing the sustain-
able development of cities.

Rybak, Grib, and Shokr (2016) investi-
gated the phenomenon of a “green economy”
in the Republic of Belarus. They proposed cal-
culated indicators of waste-free, energy-inten-
sive, eco-economic efficiency, and land-inten-
sity on the example of the Republic of Belarus.
Lednitsky and Protas (2019) have developed
the National Action Plan to Implement the
Principles of Green Economy in Forestry in the
Republic of Belarus until 2030. Many authors
have considered the analysis of the forecast as-
sessment of the sustainable development of the
green economy by branches of economic activ-
ity of the Republic of Belarus. The analysis of
published works on the subject of the study
shows that many scientific papers in the Re-
public of Belarus are devoted to the analysis of
the problems of the green economy. However,
there are no studies of the development of in-
dicators of the green economy in dynamics and
in the relationship, which can be carried out us-
ing data mining methods.

The purpose of this research is to study
the trends and state of development of the
green economy in the Republic of Belarus,
identify problems and potential solutions, as
well as develop new knowledge in the field of
a green economy.

The object of the research is the process
of forming the green economy of the Republic
of Belarus. The subject of research is the dy-
namics, relationships, and prospects for the de-
velopment of the green economy in the Repub-
lic of Belarus.

Research methods are based on foreign
and Belarusian scientific literature, analysis of
statistical data for 9 years (National Statisti-
cal...).

Practical application is the main provi-
sions and conclusions of the article can be used
for preparing analytical materials and making
competent management decisions.

The hypothesis is put forward that the
study of the dynamics of indicators does not
reveal the real situation about the development
of the green economy, so it is necessary to
study the rate of change of indicators, as well
as their relationship. The hypothesis is sup-
ported by the use of data mining methods. The
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analysis results are based on calculations of of-
ficial indicators (National Statistical...).

Methodology

The process of forming a green economy
requires studying the dynamics, growth rates,
and relationships between indicators in order
to identify “bottlenecks”. We suggest using
data mining, which will provide a real oppor-
tunity to determine the effectiveness of the for-
mation of the green economy. Our method
combines traditional methods (tabular, com-
parative, and generalizing) with data mining
methods. To identify differences between the
rates of change of indicators, the Mann-Whit-
ney test was used at a significance level of
0.05. Statistical correlation of indicators was
established using the Spearman test. The infor-
mation base for this article consists of scien-
tific publications of foreign and Belarusian au-
thors, official data of the National Statistical
Committee of the Republic of Belarus, and re-
sources of the global Internet. The calculations
are made in Statistica. The research is based on
statistical data from the National Statistical
Committee of the Republic of Belarus (Na-
tional Statistical...).

Research results and discussion

Belarus considers the green economy as
an important tool for ensuring sustainable de-
velopment and environmental security of the
republic. The government of the country is tak-
ing consistent measures to introduce green (en-
vironmental) principles into the national econ-
omy. The first steps to implement green econ-
omy principles were established in (Directive
..., 2007; Program ..., 2016). In (Program ...,
2016) the National Action Plan for the devel-
opment of a "green" economy in the Republic
of Belarus until 2020 was approved. Imple-
mentation of the principles of the green econ-
omy is carried out in the following sectors:
waste management, "green" energy, "green"
transport, organic agriculture, environmentally
safe chemical and biological industries,
"green™ house, education for sustainable devel-
opment, ecotourism.
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The principles of the green economy are
integrated into the document (the latest in the
literature document (Nacional'nyj..., 2017),
which reflects the three components of sustain-
able development: “human — economy — envi-
ronment”. Key measures include the use of
economic policies and tools, education for a
green economy, and science and innovation.

Document (Nacional'nyj ..., 2017) pre-
sents the goals, tasks, tools, and mechanisms
for implementing key strategic directions that
ensure sustainable development of the Repub-
lic of Belarus in the context of its three compo-
nents (human, economy, environment) (taking
into account the achievement of sustainable
development goals, has further developed the
NSSD-2030.)

The Republic of Belarus monitors the
transition to a green economy via green growth
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indicators, which characterize the processes of
greening the economy through the conserva-
tion and rational use of natural resources and
the impact of these processes on the develop-
ment of the social sphere. These indicators
were formed in accordance with the Guidelines
prepared by the Organization for economic co-
operation and development for the Eastern
Partnership countries.

The dynamics and rate of change of the
selected indicators and the relationship be-
tween some of them are studied in this article.

The dynamics of Socio-economic indi-
cators in the Republic of Belarus for the period
2010 — 2018 were considered (figure 1-4). Im-
portant indicators of the social component are
coefficient of population aging, average annual
population size, life expectancy at birth.

2015 2017 2018

2016

------- Rates of change coefficient of population ageing

Rates of change life expectancy at birth

Rates of change average annual population

Figure 1. Changes in the aging rate, life expectancy and average annual population

There is a linear trend of changes in the
rate of population aging, which indicates the
nonlinear dynamics of this indicator. The aging
rate of the population changed from 0.925 to
0.899 in the period from 2010 to 2018, which
i 97.19 %.

Analysis of growth rates allows us to see
indicators whose growth slowed down, which
requires finding ways to influence changes in
the behavior of these indicators. An increase in
the rate of growth of the population aging quo-
tient and a decrease in the rate of growth in life
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expectancy (compared to world leaders) re-
quires additional attention from the govern-
ment. At the significance level of 0.05 by
Mann-Whitney test (U test), the equality of the
average rates of change of the considered indi-
cators is shown.

The green economy is characterized by
the development of a knowledge economy,
with the following important indicators:

e level of registered unemployment;

e access to education characterized by
the ratios of graduates with higher education
from higher education institutions;

eratio of graduates from institutions of

secondary special education.

The Gini coefficient shows the degree of
deviation of the actual distribution of total
available resources (income) of the population
from the line of their uniform distribution
(from 0 to 1, that is, the closer the indicator
value is to 1, the more unequally resources (in-
come) are distributed in society). We will look

at the pace of these indicators (figure 2).
Changes in the unemployment rate are more
volatile than changes in the Gini coefficient
and access to higher education. Maintaining
the system of secondary vocational education
had led to a positive correlation of the growth
rate of the Gini coefficient with the growth rate
of the ratio of graduates from institutions of
secondary special education (corr = 0,33).
There is a negative correlation between the
Gini coefficient growth rate and the ratio of
graduates from higher education institutions
(corr =—0,32). The average value of the Gini
coefficient for 2010-2018 is 0.28. We note that
the growth rate of the unemployment rate is
positively correlated with the rate of gradua-
tion of specialists from higher education insti-
tutions (corr = 0.15). The difference in the av-
erage rate of change of the considered indica-
tors is confirmed with a confidence of 0.05 (the
Mann-Whitney U test).

2011 2012 2013 2014

2015 2016 2017 2018

——-Rates of change registered unemployment rate on average for the year

---- Rates of change access to education: graduation rate of specialists with a higher
education diploma from higher education nstitutions

— = Rates of change access to education: graduation rate of specialists from mstitutions

of secondary special education

—— Rates of change the Gini coefficient

Figure 2. Rates of change of unemployment, access to higher and secondary special ed-
ucation, and the Gini coefficient

Changes in the basic indicators of the
economy (gross domestic product (GDP), net
national income (NNI), labor productivity, the

volume of foreign trade in goods and services
to GDP. The consumer price index) in the Re-
public of Belarus are co-directional (figure 3).
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The growth rate of net national income, labor
productivity by GDP, and the volume of for-
eign trade in goods and services to GDP de-
clined in 2013 and stabilized at the level of
105% to 115% starting in 2015. There is a high
correlation between the growth rate of net na-
tional income and labor productivity in GDP
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(corr = 0.99). The consumer price index is pos-
itively correlated with the growth rate of GDP
(corr =0.98), net national income
(corr =0.96), labor productivity by GDP
(corr = 0.98), and the volume of foreign trade
in goods and services to GDP (corr = 0.33).
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Figure 3. Rates of change of net national income, labor productivity by GDP
and volume of foreign trade in goods and services to GDP
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Figure 4. Consumer price index and gross domestic product
(%, to the previous year)

The consumer price index for the period
under review was quite volatile and has only
stabilized in 2015. The gross domestic product
as a percentage of the previous year (in com-
parable prices) during the entire period under
review was characterized by stable behavior
and fluctuated between 96.2% and 105.5%
(figure 4). At the same time, the growth rate of
consumer prices is characterized by a down-
ward trend, and the gross domestic product
tends to increase in growth rates.

Indicators of environmental and resource
efficiency of the economy help to track trends
related to the elimination of dependence be-
tween resource consumption and economic
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growth. Figure 5 shows the dynamics of car-
bon efficiency linked to production and de-
mand. In both cases, there is an increase in ef-
ficiency which is a key component of environ-
mental efficiency in modern conditions. At the
same time, the carbon efficiency linked to pro-
duction has always been greater than or equal
to the carbon efficiency linked to demand
which is due to the peculiarities of calculating
macroeconomic indicators (GDP is greater
than gross national income by the amount of
depreciation of long-term assets). In recent
years, there has been a slowdown in the growth
rate of these indicators (figure 5).
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Figure 5. Cconsumer price index and gross domestic product as a percentage

With the confidence of 0.05 (the Mann-
Whitney test), the equality of the average rates
of change in the energy intensity of GDP and
energy efficiency is shown. Energy efficiency
in the Republic of Belarus is determined by the
ratio of gross consumption of fuel and energy
resources, expressed in mass of fuel equivalent
to coal equivalent to gross domestic product
(GDP in constant 2005 prices). GDP energy in-
tensity is the ratio of gross consumption of fuel
and energy resources to GDP (in constant
prices of 2005) kg of conditional fuel, coal
equivalent million rubles. Figure 6 shows the
dynamics of these indicators. There is a de-
crease in energy intensity from 423.8 in 2010
to 380.5 in 2018, a decrease of 9.8%, which is
quite high even by world standards. This

indicates the transition of energy consumers,
primarily industrial production, to energy-effi-
cient technologies, which makes it possible to
increase the level of return on energy resources
consumed in the country's economy. On the
other hand, during the period under review,
there was a slowdown in the growth rate of en-
ergy efficiency from 2016 to 2018. This is due
to the crisis in the economy in general and in
the investment sector in particular. Maintain-
ing the current trend of increasing the energy
efficiency of the economy will contribute to
improving the sustainability of the country's
energy and environmental systems, accelerat-
ing economic and social development, and im-
proving the well-being of the population.
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Figure 6. Dynamics of energy efficiency and energy intensity

The share of electric energy production
increased by a factor of 3.5 during the period
under review due to the use of renewable en-
ergy sources in the total volume of electric en-
ergy production. While in 2010 it was 0.4%, in
2018 it became 1.8%.

Solving problems related to waste recy-
cling is an important aspect of protecting the
environment. Figure 7 shows the indicators
that characterize the intensity of waste genera-
tion in the Republic of Belarus and the regen-
eration of industrial waste. The decrease in the
intensity of waste generation per unit of GDP
was 80.6%. The waste recovery rate increased

180%
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100%

20%
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40%
20%
0%
2012

2013 2014

2015

t0 0.5in 2013 and decreased to 0.2 in 2015 and
in 2018 remained at the level of 2010. The in-
tensity of production waste generation per cap-
ita increased by 39.1% during 2010 - 2018. Be-
sides, the intensity of solid municipal waste
generation per capita increased by 2.9%.
Trends in the growth of the rate of formation
of the above-mentioned waste generation re-
quire regulation and competent management
decisions at the state level.

2016 2017 2018

= Rates of change mtensity of production waste generation per unit of GDP

++++ee Rates of change mtensity of production waste generation per capita

=== Rates of change the recovery rate of waste production

- Rates of change mtensity of solid municipal waste generation per capita

Figure 7. Dynamics of rates of indicators that characterize environmental problems of waste
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The share of total environmental expend-
itures in the gross domestic product of Belarus
increased from 0.1% in 2017 to 0.7% in 2018.
This reflects support for the transition to a
green economy in the republic.

Conclusions

In the process of development of the
green economy in the period 2010 — 2018 in
the Republic of Belarus, there is a certain suc-
cess, which can be attributed to:

e reduction of energy density and increase
of hydrocarbon efficiency in the pres-
ence of unstable economic growth;

e maintaining the concentration of pollu-
tants in localities within acceptable
standards in the conditions of increasing
motorization of the population and busi-
ness, as well as transit transport;

e preservation of the main natural assets in
a state that provides sufficient environ-
mental quality of life.

At the same time, there are several nega-
tive aspects of the development of the green
economy in the Republic of Belarus. The per-
fect mechanism of green growth was not cre-
ated. During the period under review, all the
key changes are explained by measures of state
administration of the economy, which in some
cases had a positive effect. These measures in-
clude:

e introduction of stricter environmental
standards for internal combustion en-
gines;

e conversion of thermal power plants from
fuel oil to gas, which is more
environmentally friendly compared to
other hydrocarbons;

e public investment in the Novogrudok
wind farm has allowed a small increase
in the share of electricity generation from
renewable sources;

e introduction of a fee for waste collection
and disposal. This tax is commonly known
as the "cardboard fee" and a gradual in-
crease in its rates had made it possible to
improve the efficiency of waste collection
and disposal, although this was achieved
by increasing business revenues.

The practical measures that would stim-
ulate the development of the green economy in
Belarus:

e establishment of universal benefits for
producers of eco-friendly goods and ser-
vices (with a green certificate) in the form
of income tax holidays and customs bene-
fits, rather than individual benefits for in-
dividual enterprises;

e environmental certification of goods and
production processes, which would make
it possible to allocate objects for stimula-
tion and support by state regulation
measures;

o fixation of wholesale purchase prices for
electricity in dollars or euros to reduce
risks and attract foreign investment and
technology;

¢ replacement of the environmental tax with
auctions of emission rights, the limit of
which is set on a territorial rather than pro-
duction basis, would encourage invest-
ment in cleaning up emissions and efflu-
ents;

o replacement of the fee for waste disposal
with a universal tax, which changes de-
pending on the degree of waste-free tech-
nologies used;

e setting the rates of mineral extraction tax,
excise taxes, and import duties depending
on the target parameters of the structure of
resources used;

e increasing the number of research grants,
that stimulate the development of effective
green technologies, and mechanisms to
stimulate green economic development.
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