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Abstract. There has been established in the article the correlation and regression relationship between the
factors of the country's development and the level of environmental safety on the basis of identifying the

patterns of certain factors sets influencing the volume of harmful emissions into the atmosphere. On the basis
of modeling, there has been carried out the analysis of individual groups of factors influencing the volumes
of harmful emissions in the countries selected for the study. The nature and degree of influence of the selected
factors on the resulting indicators (volumes of harmful emissions) have been determined. It has been found
that the number of these factors is significantly higher in France than in Ukraine. This is due to both the

political and economic situation in the country. The level of energy efficient technologies implementation and
environmental restructuring of business entities are no less significant. The ranking of factors has been carried

out based on the value of the correlation coefficient within a separate group and each country. There are also

highlighted differences in the research results and their reasons.

1 Introduction

In today's world, among the dominant problems, there are
environmental ones associated with climate change as
they threaten the further development of mankind. The
countries participating in the United Nations Framework
Convention on Climate Change (1992) have assumed
international obligations defined in the Kyoto Protocol
(1997) and the Paris Agreement (2015) regarding the
reduction of greenhouse gas emissions. This necessitates
states with different levels of development to form and
implement an effective environmental policy, which will
reduce anthropogenic influence and stimulate the
development of a "green" economy.

Researchers often focus on identifying and
establishing the nature and types of relationships between
various phenomena and processes occurring in society
(for example, the level of economic development,
urbanization, the increase in the use of alternative and
traditional types of energy, research, investment and
innovation activities) and their influence on environment.
For example, to analyze the relationship between
emissions, natural resources, revenues and renewable
energy in the BRICS countries, there has been applied the
AMG method [1]. Natural resources were used as a
control variable that showed the relationship between
revenues and emissions in the EU-5 countries [2]. The
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relationship between income, energy consumption and
carbon emissions in the United States was studied by [3].

The studies of countries with different income levels
were conducted by [4]. The results have shown that
energy consumption per capita is the main cause of carbon
dioxide emissions. Studies [5, 6] have shown that green
innovation is the main factor affecting carbon emissions.

There are proposed a modern information and
analytical system for monitoring atmospheric air pollution
and considered the features of the air quality index in [7,
8, 9, 10]. A schematic diagram of the structural
organization and relationships between the subjects of
environmental monitoring has been developed in [11].
New forms of data presentation on monitoring
technogenic loads and risks, reflecting the dynamics of
ecological situation in the space of informational features,
were proposed in [12].

A prototype of a monitoring system is presented to
solve monitoring problems [13, 14]. There are combined
methods that enable us to predict the influence of
technogenic activities on human health and are an
effective complex of environmental monitoring studies in
[15]. There are presented the developed mathematical
models that allow predicting atmospheric pollution and
are an effective tool for supporting decision-making on
the problems of environmental safety of the atmosphere
in [16].
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The risks to public health associated with air pollution
have been analyzed and evaluated in [8, 17, 18].
Mathematical models have been developed to reduce the
spread of pollutants in the atmosphere [19, 20].

A significant influence on air pollution is carried out
by the quality of the fuel; the study of the fuel quality
management system, the environmental and economic
analysis of the developed system is made in [21, 22]. New
mathematical tools have been developed in [23, 24, 25] to
determine the distribution in space and time of the
technogenic load on the atmospheric air from gas wells.
The issues of modeling the dispersion of the atmosphere
taking into account the mathematical modeling of the
emissions formation are shown in [26] and ways of
automating the process of scenarios development
modeling are highlighted in [27].

The results of scientific research on the reduction of
pollution by the oil and gas complex that allow avoiding
the ingress of harmful substances into the environment are
presented in [28]. The species composition and life status
of biocenoses located on the territory of the wells are
investigated in [29]. The extent of the environment
destruction and the decline in biodiversity are investigated
in [30].

An approach and recommendations for increasing the
level of environmental safety in areas of oil and gas fields’
development are offered in [31, 32]. Offers and their
implementation to reduce the influence from the activities
of oil and gas facilities in the process of wells drilling are
presented in the following scientific papers [33, 34, 35,
36,37, 38].

The influence of renewable energy on sustainable
development was studied in [39, 40]. The main directions
of ecological modernization with the use of economic
levers to reduce the negative influence on the environment
are considered in [41]. The study of functional
dependences of factors influencing the amount of waste
using the praximetric method, variance and regression
analysis was carried out in [42, 43]. The influence of
social and scientific-intellectual factors, namely the
relationship between the education quality of employees
and results of their work are studied in [44, 45].

2 Objective and tasks of research

The aim of the study is to analyze the patterns of social,
environmental, economic, scientific and intellectual
factors influence on the volume of harmful emissions,
such as carbon dioxide, sulfur dioxide and nitrogen oxide,
in order to determine possible ways of affecting the level
of environmental safety.

To achieve the goal, the following tasks were set:

- to carry out a correlation analysis for assessing the
proximity of the relationship and the nature of the factors
affecting the level of harmful emissions;

- to analyze the influence of certain factors groups on
harmful emissions for countries with developed
economies and developing countries;

- to identify priority causes that lead to changes in
factors affecting emissions.

3 Materials and methods

Statistical data of Enerdata, World Bank, World Statistics,
Eurostat, Index Mundi, OECD, Statista, International
Energy Agency for 1999-2018 were used as materials for
the study, namely the level of harmful emissions in the
atmosphere: CO,, SO,, NOy and such parameters - factors
as: energy intensity of GDP, investment level, rent
payments, population density, energy consumption, etc.
The object of the research is France as a country with a
high level of economic development and Ukraine as a
country with a low level of economic development.
Correlation analysis was applied to determine the
nature and degree of social, economic, scientific and
intellectual factors influence on the amount of harmful
emissions, such as carbon dioxide, sulfur dioxide and
nitrogen oxides. The study has been based on the
coefficients of correlation and  determination
(approximation), linear and nonlinear (quadratic,
logarithmic, inverse, power) functions. The value of the
correlation coefficient sign allows us to assess the
direction of the selected factors influence on the resulting
indicators (the number of emissions). The type of function
enables us to understand the nature of the influence: if it
is a simple linear one, then the increase or decrease in the
indicator occurs evenly. If it is a non-linear one, then we
get different levels of acceleration or deceleration of the
indicator change depending on the factor change.

4 Results and discussion

A change to the climate policy was the adoption of the
Kyoto Protocol, which has been in effect since 2005.
Despite all the positives of the Kyoto Protocol, it had
several drawbacks. One of the main drawbacks was that
not all states adhered to it in good faith, in particular the
United States never ratified the Protocol despite the fact
that all states proclaimed the importance of combating
climate change. Therefore, the Paris Agreement came to
replace the Kyoto Protocol in 2015. Both documents are
based on the principles of the "green economy" and aim
to prevent climate change, but contain a number of
differences, the main of which are:

- in the Paris Agreement, any sanctions for greenhouse
emissions were canceled and each country determined for
itself the amount of emission reductions. Thanks to this
approach, more than 160 countries have joined the new
agreement, some of which have not previously assumed
commitments to reduce emissions;

- the Kyoto Protocol allows cross-border trading in
quotas. This practice gave rise to opacity in the national
accounting of greenhouse emissions and made it possible
to implement corruption schemes, incl. in Ukraine.

- the Paris Agreement does not provide for interstate
trading in quotas. Countries will be able to use market
mechanisms to achieve their emission reduction targets,
buying international carbon credits, which should reflect
real emission reductions, and detailed rules for the
operation of new market mechanisms should be approved
at the next Conferences of the Parties to the UN
Framework Convention on Climate Change.
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- the Paris Agreement provides for the technological
and financial assistance by developed countries in
emissions reduction to developing countries.

One of the most difficult issues of this agreement is
the adoption of a new differentiation of countries into
developed and developing countries in order to resolve the
issue of who will provide financial and other assistance,
and who will receive it. Traditional donors - the EU, USA,
Canada and other developed countries do not give up their
commitment and continue to be the leaders, providing and
increasing funding to combat climate change. At the same
time, among the countries that do not fall under the
definition of "developed" - Saudi Arabia, South Korea,
Singapore, there are those that are able to provide
assistance, but do not want to do so. However, the
Agreement states that they can provide assistance
voluntarily [46].

Since the object of the study is Ukraine and France,
based on the above, we note that France, as a result of the
adoption of the Paris Agreement, is a country that
provides financial assistance and Ukraine, in its turn, is a
developing country and is applying for donor funds to
fulfill the terms of this agreement.

For a deeper analysis of the level of such emissions as
carbon dioxide, sulfur dioxide and nitric oxide into the
environment, we select social, environmental and
economic indicators from the groups of factors, which, in
our opinion, have great influence on the level of harmful
emissions and determine the main reasons for this
influence, and opportunities to change them using the
tools of the "green economy".

The criterion for assessing the closeness of the
relationship between the studied pairs of emission
indicators and the corresponding factors is the correlation
coefficient. The influence assessment is carried out,
assuming the possibility of the existence of not only a
linear relationship, but also the possibility of various
forms of nonlinear influence existence. For the study,
there were chosen the following forms of non-linear
connection: power, exponential, quadratic, inverse and
logarithmic. Based on the analysis of the correlation
coefficient value, there is selected the corresponding form
of relationship, for which the value of the correlation
coefficient is the largest (Tables 1-8).

Table 1. The results of analyzing the influence of the social
factors set on harmful emissions in Ukraine.

Name of the Form of the The nature of the
factor, detected identified
designation relationship relationship
For SOz and NOx The factor
Human .
Development - not detected increases,
for CO2 — a square the indicators
Index, X1 . .
relationship decrease
For SO2 and NOx The factor
. - not detected .
Population for COr— an increases, the
density, X7 2 indicators
inverse .
; . increase
relationship

In our opinion, it is interesting to compare individual
factors for the two countries, which have a different effect

on the resulting indicator, in particular, the rent for the use
of natural resources $ in Ukraine increases, and at the
same time, the level of SO, and NOx emissions show an
upward trend, and in France, in its turn, this factor also
increases and the level of emissions decrease.

Table 2. The results of analyzing the influence of the social
factors set on harmful emissions in France.

Name of the Form of the The nature of the
factor, detected identified
designation relationship relationship
Human The factor increases,
development Quadratic the indicators
Index, X1 decrease
. The factor increases,
Population o
- Inverse the indicators
density, X7
decrease

Table 3. The results of analyzing the influence of the
environmental factors set on harmful emissions in Ukraine.

Form of the |The nature of the
Name of the factor, detected identified
designation relationship relationship
Ukraine Ukraine
Energy intensity of GDP F?rni?é:gi tlj C?X The factor
at constant purchasing increases, the
- for CO2 - 1/X) o
power parities (koe/$ (a direct indicators
2015), X2 relationship) increase
. . The factor
Domestic consumption increases. the
of coal and lignite (Mt), Power S
X8 indicators
increase

Table 4. The results of analyzing the influence of the
environmental factors set on harmful emissions in France.

Form of the |The nature of the
Name of the factor, detected identified
designation relationship relationship
France France
Energy intensity of GDP The factor
at constant purchasing . increases, the
power parities (koe/$ Quadratic indicators
2015), X2 decrease
Share of renewable The factor
energy sources in increases, the
.o . Power o
electricity production indicators
(%), X3 decrease
. . The factor
Domestic consumption increases. the
of coal and lignite (Mt), Power TR
X8 1pdlcat0rs
increase

This is due to the fact that the rent for the use of natural
resources in Ukraine is not large and it does not induce to
reduce emissions, and in France it is an effective tool as
high rent encourages enterprises to reduce emissions in
accordance with EU legislation.

The production factor (value added) in Ukraine and
France tends to increase, which is a positive phenomenon,
however, in France, emissions show a decrease, while in
Ukraine they are growing. The reason for this situation
may be the use of extensive factors of production, which
give an increase in production volumes, raw materials
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prevail, services, tourist services, the use of intensive
factors of production, and the latest technologies prevail.

Table 5. The results of analyzing the influence of the economic

countries, in order to implement effective socio-economic
and environmental policies, measures in the context of
reducing emissions in various fields of activity, thereby
observing the foundations of a green economy.

factors set on harmful emissions in Ukraine.

Name of the factor Form of the The nature of
desienation ’ detected the identified
g relationship relationship
A linear The factor
Rent for the use of relationship increases, the
natural resources, $, X4 | (for CO2 —not indicators
detected) increase
Production, value added Quadratic in{?eeazzzt(ifle
(current USD), (for CO2 —not i dicat(;rs
X5 detected) .
increase
Foreign direct reﬁl tligllf:}fi The factor
investment, net inflows (for CO _I; increases, the
(BoP, current USD), > indicators
X6 low level of increase
relationship)
Grain harvest (kg per For SO2 i NOx The factor
hectare), thous fn?l — not detected, increases, the
;(9 ? (for CO2—a indicators
quadratic one) decrease
The factor
Total energy Power increases, the
consumption, X10 indicators
increase
For NOx —a
power
Transport services (% of | relationship, in{?eeazzzt(ifle
commercial services for SO2 —a i dicat(;rs
import), X12 logarithmic one, .
for CO» — a increase
quadratic one
Unemployment, total (% Inverse The factor
of total labor force) (for CO2 — not increases, the
(ILO modeled estimate), 2 indicators
detected)
X13 decrease
Exports of ores and I The factor
o Logarithmic .
metals (% of (a low level of increases, the
merchandise exports), relationship) indicators
X14 P decrease

Table 6. The results of analyzing the influence of the economic
factors set on harmful emissions in France.

Name of the factor Form of the The nature of
designation ’ detected the identified
g relationship relationship
The factor
Rent for the use of Quadratic increases, the
natural resources, $, X4 indicators
decrease
The factor
Production, value added Ii“;elrs:v(lf::) \fe?oofz increases, the
(current USD), X5 . . indicators
relationship)
decrease
. . The factor
Foreign direct .
. . Power (low level | increases, the
investment, net inflows of relationship) indicators
(BoP, current USD), X6 P ;
increase
Grain harvest (kg per
hectare), thousand, X9 Not detected
The factor
Total energy Power increases, the
consumption, X10 indicators
increase
Transport services (% of . The factor
. . increases, the
commercial services Power o
indicators
exports), X11 .
increase
. The f
Transport services (% of e actor
. . . increases, the
commercial services Quadratic L
. indicators
import), X12 .
increase
0,
Unemployment, total (% Exponential (a . The factor
of total labor force) low level of increases, the
(ILO modeled estimate), . . indicators
relationship) .
X13 increase
Exports of ores and The factor
o Inverse (a low .
metals (% of increases, the
. level of L.
merchandise exports), relationship) indicators
X14 P decrease

With an increase in research and development costs,
emissions in Ukraine increase, while in France they
decrease. This gives grounds to assert that money is spent
on the wrong developments in Ukraine, and in France,
intellectual developments are sufficiently introduced at
enterprises that ensure emissions reductions.

In accordance with the obtained calculations, we will
rank the factors within each group according to the values
of the correlation coefficient (Tables 9-10): 1 - the highest
level of influence, 3 - the lowest level of influence (for
social, environmental, scientific and intellectual factors),
1 - the highest level of influence, 8§ - the lowest level of
influence (for economic factors).

Summing up, we can say that for all groups of factors
for both countries, it is worth highlighting a number of
effective tools that make it possible to reduce emissions
by decreasing the negative influence of individual factors,
as evidenced to a greater extent by statistics on the main
indicators of France. In its turn, Ukraine has the
opportunity to study the experience of France and other

Table 7. The results of analyzing the influence of the scientific
and intellectual factors set on harmful emissions in Ukraine.

Name of the factor Form of the The nature of the
designation ’ detected identified
g relationship relationship
Property Fees,
Payments (BoP,
Current US Dollars) | Quadratic (for CO2 The factor

increases, the

Research and - .
indicators increase

development costs $,
X15
Research and
development costs,

— not detected)

The factor
increases, the

A linear relationship
(for CO2 —not

$, X16 detected) indicators increase
L Logarithmic for The factor
Patent applications, .
. CO:2 (alow level of | increases, the
residents, X17 . . L .
relationship) indicators increase

Summarizing the reasons that lead to changes in the
factors affecting the volumes of emissions, it should be
noted that they take place at all levels, namely at the levels
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of cooperation between different countries, unions
(global), state, local and individual. In particular:

1. Key global initiatives that demonstrate attempts to
find a global consensus around the increasing importance
of the environmental factor in the activities of
international organizations, institutional investors and
TNCs, as well as in the politics of the countries of the
world, reflected in the foundations of the transition to a
"green" economy.

Table 8. The results of analyzing the influence of the scientific
and intellectual factors set on harmful emissions in France.

Name of the factor Form of the The nature of
designation ’ detected the identified
g relationship relationship
Property Fees, Payments | For NOx and SO2
(BoP, Current US — a logarithmic in?rqeeagiztotile
Dollars), Research and relationship. in dicat(;rs
development costs $, |For COz - a linear decrease
X15 relationship.
Research and . . The factor
A linear increases, the
development costs, $, . . o
X16 relationship indicators
decrease
Patent applications, |Inverse (for CO2 —| . The factor
; increases, the
residents, 0,46 a low level of] indicators
X17 relationship)
decrease

Table 9. Ranking of factors by the value of the correlation
coefficient (France).

Factor rank|COz| S0z |Nox
Social
1 X7 | X7 | X7
2 X1 | X1 | X1
3 X9 | X9 | X9
Economic

1 X12(X12|X12
2 X10| X4 | X4
3 X4 |X10|X10
4 X11| X5 | X5
5 X6 |X11|X11
6 X5 |X14| X6
7 X13|X13|X14
8 X14| X6 |X13
Environmental
1 X2 | X2 | X2
2 X8 | X8| X8
3 X3 [ X3]X3

Scientific and intellectual
1 X15|X15|X15
2 X16|X16|X16
3 X17|X17|X17

These initiatives are, first of all, declared in the
documents as the goals that must be achieved by a specific
time (the 2030 Agenda for Sustainable Development, the
Sustainable Development Goals and the Paris
Agreement), at the level of the European Union, the
European climate law. Responsibilities for the
implementation of the measures in these documents are
assigned directly to the governments of each country that
ratified these regulations. Therefore, both in Ukraine and
in France, the following documents were adopted on their

basis at the state level. The political and legislative
framework for the climate policy in Ukraine is provided
by the Law "On the Basics of Monitoring, Reporting and
Verification of Greenhouse Gas Emissions", Ukraine
2050 Low Emission Development Strategy (LEDS), the
CONCEPT of State Climate Change Policy
Implementation until 2030. In France, the main regulatory
documents on the implementation of international
agreements are the Law on Energy Transition for Green
Growth (LTECV), the National Adaptation Plan for
Climate Change, and the National Low Carbon Strategy.
That is, the legislative base has been formed, but there are
anumber of shortcomings. In particular, it is necessary for
Ukraine to create an integral and effective regulatory
framework for a system of regulating harmful emissions,
fully adapted to global international agreements. The
priority here should be a set of legislative actions that are
relevant to improve taxation of emissions, as well as the
use of funds received from tax revenues for emissions.
After reviewing the French regulations, a minor flaw can
be considered the difficulty of understanding them, as
they cover different areas together with very detailed
provisions for implementation at different levels and with
different time frames.

Table 10. Ranking of factors by the value of the correlation
coefficient (Ukraine).

Factor rank|COz| S02 |N0x
Social
1 X9 | X9 | X9
2 X7 | X7 | X7
3 X1 | X1|X1
Economic
1 X10| X4 | X4
2 X12|X12| X5
3 X6 | X5 |X12
4 X10(X13| X6
5 X13| X6 |X13
6 X14|X10|X10
7 X4 |X14|X11
8 X5 |X11|X14
Environmental
1 X8 | X8| X8
2 X2 | X3|X3
3 X3 | X2 | X2
Scientific and intellectual
1 X17|X16|X16
2 X16|X15|X15
3 X15(X17|X17

2. The next tool that can ensure the reduction of
emissions and funding budgets for improvement of
environmental situation and promotion of green business
development is the application of effective state fiscal
policy. Today in Ukraine, rates for harmful emissions
remain one of the lowest in Europe (as an example, 0.33%
per ton of CO; emissions in 2019), while in France they
are one of the highest and grow from year to year (€35 per
ton of CO; emissions in 2019). In addition, the list of
environmental taxes has 20 items in France, and
according to Eurostat, they are classified into the
following categories: energy, transport, pollution, subsoil.
In Ukraine, however, there is no clear classification of the
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environmental tax to the object of taxation. Also, revenues
from the environmental tax are spent opaquely and
ineffectively. Companies that pollute the environment
have been paying fees since 2011, but most of
environmental problems still remain unsolved. In
addition, low rates of environmental taxes do not
stimulate business entities to invest in environmental
protection measures. In France, however, high
environmental tax rates are often the cause of strikes in
the country. One of the reasons is high fuel rates.
However, not all funds are used for environmental
activities, and most of them are directed to pay for the
budget deficit (from 34 billion euros that the French
government received from a fuel tax in 2018, 7.2 billion
euros were allocated for environmental activities).

3. Studies show that environmental taxation of
European countries has proven its effectiveness in the
implementation of environmental policy. This contributed
to the rapid production of innovative technologies in
environmental protection measures and the reduction of
harmful emissions [46].

4. Renewable energy sources help solve sustainable
development challenges by reducing air, water and soil
pollution [47]. It is the increase in the use of renewable
energy that is one of the priority directions for the
implementation of the countries state policy in the field of
energy efficiency. In France, utilities use the Energy
Efficiency Certification Scheme (also known as "white
certificates") to meet their energy reduction targets, which
in turn include performing energy audits, government
granting targeted subsidies for energy efficient
equipment, using renewable energy sources and the like.
The white certificate scheme started in France back in
2006. Improving energy savings in the residential sector,
which is one of the largest consumers of energy resources,
is also the main task of the climate and energy policy of
each country. In France, an important part of the country's
Policy Strategy for Decarbonizing the Buildings Sector is
a tax credit scheme for costs associated with energy
efficient renovation works, the so-called The Energy
Transition Tax Credit (CITE). In Ukraine, the instruments
of state support for the population in the sphere of energy
efficiency are two nationwide programs to improve the
energy efficiency of the housing stock: the so-called
"Warm credits", handled by the State Agency on Energy
Efficiency and Energy Saving of Ukraine "SAEE", and
the Energy Efficiency Fund program "Energodim".

5. One of the most important roles in the development
of innovative processes in the energy sector is played by
the governments of countries, which often fund high-risk
research, as well as new low-carbon technologies, which,
as arule, are not cheap and are characterized by a plurality
of market prices. One of the most effective ways to assess
the implementation of clean energy technologies is to
assess the level of public investment in energy R&D and
demonstration activities (R&D and DA) and identify the
relationship between these investments and technology
development. The total amount of state funding for energy
R&D and DA in 2018 in France is 1.526 million euros,
which puts it in first place among the EU countries, in
Ukraine this information is absent. The assets received are
often intangible, the returns are uncertain, and the

investment in innovation is not always easy and quick to
return. This is where government support is an important
resource for long-term finance. Policy instruments can be
used to ensure access to financing risky projects. As a
result, many high-risk private sector innovations are based
on early stages of publicly funded research and programs.

5. Conclusions

Based on the analysis, there have been identified effective
legislative, organizational and management tools that will
contribute to reducing emissions for developing countries:

- formation, bringing up to European standards of the
legal framework on regulation, management and control
in the field of the environment;

- maintaining an effective fiscal policy in matters of
rent payments, environmental taxes and fines;

- intensive use of "green investment" instruments,
namely "green" bonds;

- reduction in energy consumption due to the use of
certification schemes for the result of energy
conservation, the so-called "white certificates";

- an increase in the amount of public investment in
energy R&D and demonstration activities;

The research results allow in the future building
multivariate econometric models to assess the complex
influence of such factors on emissions and formulating
recommendations for improving social, environmental
and economic policies to ensure the reduction of harmful
emissions.
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