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Abstract. The paper is devoted to the investigation of environmental, energy and economic security by

multivariate analysis methods. A set of indicators selected for research conducting includes 9 parameters for
each security type. Study sample is formed by data for 6 Eastern European countries (Ukraine, Moldova,

Poland, Romania, Hungary and Slovak Republic) for the period 2000-2019. Empirical study was conducted

by factor analysis, which allowed identifying the main components of environmental, energy and economic
security. Comparison of the results obtained for the studied countries showed differentiation of individual

profiles of such types of security. Investigation of integral vectors of environmental, energy and economic
security showed the highest level of interaction between energy and environmental security and the lowest

one between energy and economic security.

1 Introduction

Expansion of the concept of sustainability opened the
prospect for improvement institutional and technological
framework of national economy functioning. Nowadays
environmental performance creates a background for the
country’s competitiveness in conditions of effective
environmental regulation [1-3] that leads to the
transformation of the national economy system [4]. New
concept of country’s policy leads to the appearance of the
new instruments in the financial system, which are able to
provide financial support for sustainability of economy
[5].

Concept of sustainable development became crucial
not only at the macro level but also for corporate
management [6, 7]. Ability to generate environmental
innovation is one of the criteria of company’s
competitiveness [8, 9]. Its importance for a moment has
pretty the same impact on the enterprises development as
other economic factors [10-12]. Implementation of
sustainability reporting and audit becomes an important
condition of firms’ image and reputation [13-15]. Its
expansion on the country level forms a background for
macroeconomic  stability through national brand
development [16].

Traditionally economic growth is associated with
increase of energy use and environmental pollution [17].
Competitiveness issues in globalization conditions
require involvement additional sources to enhance
country’s position [18, 19]. Even shifting to the
technological development is not enough for minimizing
a hazardous impact of economic growth on the society
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and environment [20-22]. Electricity consumption
remains a key driver of economic development. On the
other hand, implementation the concept of sustainable
development led to the increase of renewables in energy
production structure. Some researches revealed that
renewable energy growth is one of the determinants of
macroeconomic competitiveness and stability [23-25]. In
addition, existing empirical findings [26] confirmed
country’s possibility to provide economic growth and to
remain financial and social stability simultaneously. Thus
the concept of sustainable development has led to an
increase of the attention to the country's environmental,
economic and energy security.

2 Literature Review

National security is a strategic issue in the country's
development, which is of particular relevance in the
context of globalization. Traditionally economic and
financial security questions are considered through
regulation effectiveness. Ensuring national security in the
context of sustainable development requires a transition
from isolated regulation of each direction to formulation
of a comprehensive strategy. It is proved that taking into
account the interaction between different factors of
national development provides increase of efficiency of
public management [27-28]. In this context, it is
important to find national security components that
demonstrate the closest possible relationship.

On the regional level interaction of economic and
ecological development may be evaluated through the
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volume of environmental pollution and efforts aimed to
their reduction [29, 30]. However, another group of
researches revealed that core precondition of socio-
ecological-economic balance of territory is effective
financial source implementation [31, 32]. Increase in
financial potential creates a background for economic
growth [33], but only country’s orientation for
sustainability forms a potential for environmentally-
friendly economic development [34]. In this context
should highlight, that social impact, especially the
influence of worlds’ society becomes a powerful
instrument of changing country’s economic policy taking
into account environmental issues [35-38]. This provides
an opportunity for integral estimation of economic and
environmental security [39, 40].

Environmental component becomes core trigger in
ensuring different types of countries’ national security.
Thus, environmental factors improvement determinates
the growth of food security [41-43]. Besides, green
investments expansion creates a potential for new form of
environmental and economic security interaction. So,
increase in green investments not only leads to the
development of renewable energy and reducing in
environmental pollution, but also determinates a GDP
growth [44].

Environmental and economic factors might be
considered as energy security precondition in terms of
energy production and distribution [45]. Enhancing of
social component of sustainable development is also
considered with a trial nature of environmental, economic
and energy factors interaction [46, 47]. At the same time,
integrated estimates of socio-economic interaction are
widespread today [48].

Attention should also be paid to the indicators used to
assess different types of security. It can be a resource
approach [49], process approach [50], risk assessment
[51, 52], financial indicators [45].

Analyzing the choice of methods for the study of
these types of security, we note that there is a very wide
list of them. At the same time, multivariate analysis is
mostly used for investigation an interaction between
different parameters [53]. So, principal component
analysis is broadly used in construction of integral indices
for assessment of economic and social phenomena [54].
An important step for building the set of indicators is a
test of its internal consistency. That is why the choice of
methods of multivariate analysis will allow constructing
the most complete integral characteristic of the studied
types of security.

3 Research methodology

Taking into account some previous research in the field
of environmental, economic and energy security, we have
assumed that their evaluation should include a wide range
of indicators. The most comprehensive statistical
database for different countries is presented on the World
Bank official web-site. Using such statistical data set of
indicators characterizing environmental security is
defined as follow:
Env1 —agricultural land,% of land area;

Env2 — CO2 emissions grows, annual %;

Env3 — forest area, % of land area;

Env4 — CO2 emissions, metric tons per capita;

Env5— methane emissions, % change from 1990;

Env6 — nitrous oxide emissions, % change from 1990;

Env7 — population density, people per sq. km of land
area;

Env8 — fertilizer consumption, kilograms per hectare
of arable land;

Env9 — total fisheries production growth, annual %.

To describe energy security the following indicators
were selected:

Engl—- CO2 emissions from electricity and heat
production, % of fuel combustion;

Eng2 — CO2 intensity, kg per kg of oil equivalent
energy use;

Eng3 — electricity production from oil, gas and coal
sources, % of total;

Eng4 —energy imports, net % of energy use;

Eng5 — oil rents (% of GDP);

Eng6 — alternative and nuclear energy, % of total
energy use;

Eng7 — combustible renewables and waste, % of total
energy;

Eng8 — energy use (kg of oil equivalent) per $1,000
GDP (constant 2011 PPP);

Eng9 — fossil fuel energy consumption, % of total.

Economic security indicators include the follows
ones:

Econl — central government debt, total % of GDP;

Econ2 —GDP growth, annual %;

Econ3 — GDP per capita, PPP constant 2011
international $;

Econ4 — gross fixed capital formation, % of GDP;

Econ5 — income share held by lowest 20%;

Econ6 - industry (including construction) value
added, annual % growth;

Econ7 —research and development expenditure, % of
GDP;

Econ8 — unemployment, % of total labor force;

Econ 9 — current account balance, % of GDP.

The quality of the multivariate analysis depends
largely on the sample size of the study. That is why
longitudinal data were used to compare the results for
countries with similar development conditions. Based on
this goal, Eastern European countries were selected for
the study, namely Ukraine, Moldova, Poland, Romania,
Hungary and Slovak Republic. Study period includes
2000-2016 that allows estimating a general trend of
environmental, energy and economic security across
selected countries. Considering the significant differences
in the values of the selected statistics before their study,
their normalization was carried out using the Min-Max
method.

The next important step in the study was to test the
internal consistency of the selected characteristics of the
phenomena under study. The Cronbach's alpha
coefficient calculation for the normalized total sample of
27 indicators showed that its value is 0.8516, which
allows going to the next stage of the study.

Taking into account the existing limitations and
recommendations on the ratio of the number of variables
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and the number of observations, it is advisable to carry
out multivariate analysis separately for each type of
security. Stata software was used to perform the
empirical calculations. The evaluation was performed
simultaneously using factor analysis and principal
component method.

4 Results and discussion

Comparison of the results showed that factor analysis
allowed obtaining better results in terms of their
adequacy. Table 1 demonstrates eigenvalues, individual
and cumulative proportions of variance explained by each
factors of environmental security indicators.

Table 1. Factor analysis parameters of environmental security

estimation.
Factor | Eigenvalue | Difference | Proportion | Cumulative
Factorl 3.98073 2.26255 0.6059 0.6059
Factor2 1.71818 1.01425 0.2615 0.8674
Factor3 0.70393 0.40023 0.1071 0.9746
Factor4 | 0.30370 0.20293 0.0462 1.0208
Factor5 0.10077 0.09440 0.0153 1.0361
Factor6 0.00636 0.04698 0.0010 1.0371
Factor7 | -0.04061 0.02492 -0.0062 1.0309
Factor8 | -0.06554 0.07203 -0.0100 1.0209
Factor9 | -0.13756 -0.0209 1.0000

Analyzing the obtained results, we note that the first
two factors explain more than 80% of the variation of the
selected characteristics. Thus, it is advisable to
characterize environmental security precisely by these
factors, the structure of which is formed by the following
indicators (see Table 2). The first factor is largely
determined by the dynamics of such environmental
security indicators as Envl, Env3, Env4, Env8. Taking
into account direct and indirect indicators signs this
dimension might be named as source quality and
availability. The dominant components of second factor
are Env5 and Env7. Thus, it characterizes mostly
environmental changes. Other selected indicators also
have some influence on the formed factors but their scale
is not so significant.

The final step of the multivariate analysis of
environmental security is its level estimation across
selected countries (see Fig. 1).

Table 2. Factor loadings for environmental security indicators.

Variable | Factorl | Factor2 | Factor3 | Uniqueness
envl 0.9050 | -0.0797 | 0.3899 0.0142
env2 0.0488 0.2113 -0.3892 0.7565
env3 0.8524 0.0264 0.1779 0.0303
env4 -0.8584 | -0.2880 | -0.0511 0.0734
env5 0.5916 0.6333 -0.1776 0.2060
envé -0.7533 0.3817 0.0073 0.1144
env7 -0.1759 | 0.9286 0.0644 0.0967
env8 -0.8347 | 0.2483 0.1835 0.1749
env9 0.2250 0.3359 0.2131 0.7200

The results show that during the study period, a weak
growing trend of environmental safety was observed in
all countries. However, the absolute level of the esti-
mated factors is significantly different for the countries
studied. It can also be noted that Poland and the Slovak
Republic demonstrate higher values characteristics of
sources quality and availability comparing to
environmental changes, while other countries have
opposite trend.
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Fig. 1. Environmental security factors.

Similar methodology was applied to the estimation of
energy security. This case shows that the most significant
are first three factors (see Fig. 2).

Analyzing a structure of defined factors (see Table 3)
it should be defined that the first one is mostly formed by
such indicators as Engl, Eng3, Eng6, Eng9. So it can be
named as energy production structure. The second factor
is formed by Eng2 and Eng4 indicators and describes
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energy dependence. The third one factor includes energy
effectiveness in terms of total energy use reducing and
role of renewable energy (Eng7 and Engg).

Scree plot of eigenvalues after factor

Number

Fig. 2. Factor analysis eigenvalues for energy security.

Table 3. Factor loadings for energy security indicators.

Variable | Factorl | Factor2 | Factor3 | Uniqueness
engl 0.7991 -0.0786 | -0.1804 0.2812
eng2 0.4978 | -0.6748 | -0.2350 0.0392
eng3 0.9084 0.3681 0.1626 0.0095
eng4 -0.3062 | 0.8980 0.2158 0.0367
engs -0.0292 | 0.5531 0.2830 0.1954
eng6 0.9355 0.2110 0.2137 0.0051
eng7 0.1358 | -0.4903 0.7462 0.1019
eng8 -0.0435 0.2861 -0.7812 0.2471
eng9 0.9504 0.2495 -0.1552 0.0051

The last one step of energy security estimation is
presented by Figure 3. Comparing the energy security of
the countries studied, we note that the structure of energy
production and consumption plays the largest role for
Ukraine and the Slovak Republic. A high level of energy
dependency is the most important characteristic of
Moldova's energy security. For Poland and Romania,
energy production and consumption efficiency occupy a
dominant place in energy security that is a positive
feature.
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Fig. 3. Energy security factors.

The results of factor analysis of economic security are
presented in Table 4.

Table 4. Factor loadings for economic security indicators.

Variable | Factorl | Factor2 | Factor3 | Uniqueness
econl 0.6241 -0.2626 | 0.1855 0.4858
econ2 0.5421 0.6495 0.1994 0.2336
econ3 -0.3445 0.3589 | -0.5404 0.4568
econ4 0.5458 0.0626 | -0.4715 0.4306
econ5 -0.3545 | -0.0733 0.2430 0.6196
econ6 0.4107 0.7272 0.1575 0.2721
econ? -0.6770 | 0.2974 | -0.0792 0.2928
econ8 0.2336 | -0.2408 | 0.0625 0.6995
econ9 -0.6254 | 0.2651 0.3189 0.3994

This type of security is formed by two first factors
providing 82% of total variance. Factorl includes mostly
Econl, Econd4, Econ7 and Econ9. This dimension
characterizes  national = economy  potential and
independence. For the second factor dominant indicators
are Econ2 and Econ6. Its might be named as real
economy development.

Analyzing the identified levels in economic security
in the context of the studied countries (see Fig. 4), we
note that, unlike the previous results, in this case it is
difficult to identify clear trends in the prevalence of
different factors or the presence of individual profiles of
countries.
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Attention should be paid to the high volatility of

economic security components throughout the study
period, which is the case for most of the countries
studied. Moreover, the sharpest fluctuations were in the

crisis period 2007-2009 and in the post-crisis period

2010-2012. The only exception is Poland. Its economic

security was characterized by the lowest level of

fluctuation during the analysis period.

However, it should be noted that the overall long-term

downward trend in economic security is observed in all

the countries studied. This indicates the necessity of

directing efforts in the "environmental-energy-economic
security" triangle precisely on this type of security.
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Fig. 4. Economic security factors.

Using the results of factor analysis, the integral levels
of environmental, energy and economic security were
estimated, combining the factors identified in the

previous stages, taking into account the factor loadings of

the selected indicators.

In order to determine the prospects for the
simultaneous regulation of environmental, energy and
economic security, the interaction between them should
be considered (see Fig. 5).
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Fig. 5. Interaction of security types.

It should be noted that the closest connection is
characteristic of environmental and energy security,
which change in a single vector, which indicates that
there are prospects for their simultaneous growth.

Environmental and economic security types have some
potential for providing synergistic regulatory effects. At
the same time, the least interaction is characteristic of
energy and economic security, which is related to the
significant role of energy dependence and commodity
economy of the countries studied.

5 Conclusions

The spread of globalization and integration trends
necessitates the application of integrated approaches to
the study of all phenomena. The concept of sustainable
development has proven the importance of synergies
between  economic, environmental and  social
components. At the same time, environmental, economic
and energy security are important complementary
characteristics at national security level. The multivariate
analysis showed that the most important factors for
environmental safety are the quality and availability of
resources, as well as environmental changes. Energy
security is most fully characterized as the ratio of three
components — the structure of energy production, energy
dependence and energy efficiency. The potential of the
national economy and the development of the real sector
should be considered as factors of economic security.

Assessing the level of interaction between
environmental, economic and energy security shows that
there are prospects for the development of integrated
regulatory mechanisms in the field of national security.
The greatest potential for synergy is environmental and
energy security, the lowest - energy and economic. Thus,
the prospects for further research are to find the most
effective regulatory tools for the simultaneous growth of
the types of safety under study. Environmental taxation
has a great potential in this area.
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