
“Evaluation models for the impact of pricing factor on environmental
performance in different countries”

AUTHORS

Viktoriia Apalkova

Sergiy Tsyganov

Nataliia Meshko

Nadiia Tsyganova

Serhii Apalkov

ARTICLE INFO

Viktoriia Apalkova, Sergiy Tsyganov, Nataliia Meshko, Nadiia Tsyganova and

Serhii Apalkov (2022). Evaluation models for the impact of pricing factor on

environmental performance in different countries. Problems and Perspectives in

Management, 20(2), 135-148. doi:10.21511/ppm.20(2).2022.12

DOI http://dx.doi.org/10.21511/ppm.20(2).2022.12

RELEASED ON Friday, 29 April 2022

RECEIVED ON Friday, 04 February 2022

ACCEPTED ON Wednesday, 06 April 2022

LICENSE

 

This work is licensed under a Creative Commons Attribution 4.0 International

License

JOURNAL "Problems and Perspectives in Management"

ISSN PRINT 1727-7051

ISSN ONLINE 1810-5467

PUBLISHER LLC “Consulting Publishing Company “Business Perspectives”

FOUNDER LLC “Consulting Publishing Company “Business Perspectives”

NUMBER OF REFERENCES

48

NUMBER OF FIGURES

3

NUMBER OF TABLES

3

© The author(s) 2022. This publication is an open access article.

businessperspectives.org



135

Problems and Perspectives in Management, Volume 20, Issue 2, 2022

http://dx.doi.org/10.21511/ppm.20(2).2022.12

Abstract

The need to increase the price of non-green, carbon-emitting goods, as well as the ap-
plication of new environmental taxes and fees to help solving the global climate crisis, 
has been actively discussed. However, price is not only a strong impetus for market de-
velopment, but it can also restrain growth. The price level and population purchasing 
power belong to the key indexes that define the market capacities in different countries. 
This paper aims to investigate the impact of income inequality, including price levels 
and purchasing power, on environmental performance in different countries. The re-
search method is based on RapidMiner’s machine learning programs, applying three 
modeling algorithms: correlation, clustering, and decision trees with a static index da-
tabase of more than 150 countries around the world. The results obtained partially con-
firm the conclusions made by other researchers studying the Environmental Kuznets 
concept (EKC) effects. In particular, it was found that an important factor influencing 
the efficiency of the environment in the country’s ecosystem is the level of population’s 
income. The analysis also shows that environmental performance is strongly depen-
dent on domestic price levels. This may support the hypothesis that the cost of green 
goods reflects a high benchmark for natural resource costs. However, further research 
is needed, including such directions as sources of financing for the implementation of 
circular projects, as well as the associated economic and environmental effects.
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INTRODUCTION

Growing public awareness of the causes and effects of climate change 
has not resulted in correspondingly high support for specific mitiga-
tion or adaptation policies. Thus, more research is needed on the fac-
tors influencing civil and corporate support for such climate change 
policies. Recently, a growing number of international organizations 
have been pushing in their reports for the necessary increase in car-
bon pricing, which should spur more significant emissions reduction 
to help address the global climate crisis (ICAP, 2021), promote emis-
sions trading systems and net zero (World Economic Forum, 2021), 
and increase climate ambition.

The price can simultaneously be a powerful stimulus for the develop-
ment of the market, but also a deterrent to its growth. For example, 
many green products now face the problem of high prices. In particu-
lar, a prime example is green hydrogen, which can be used to generate 
heat and can replace classic fossil fuels (natural gas, LPG, fuel oil, etc.). 
However, the main reason for holding back the use of hydrogen for 
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heating is the low price of thermal energy (EUR/MWh) generated from fossil fuels, particularly natu-
ral gas (Jovan & Dolanc, 2020; IEA, 2021). At the same time, the pricing system itself is based on the 
principles of a resource-intensive economy, when the cost of restoring spent resources is not included in 
the price of the final product. In this regard, the issue of effective pricing is critical and relevant, which, 
firstly, would stimulate the development of “green” products and, secondly, would make dirty and envi-
ronmentally inefficient approaches costly and unprofitable.

One of the key indicators of the markets of different countries is the purchasing power of their popu-
lation and the price level. Today in different countries, there are different levels of prices for the exact 
nomenclature of goods. The statistics on the price level coefficient is calculated annually by the World 
Bank as the ratio of the purchasing power parity (PPP) conversion factor to the exchange rate. It meas-
ures differences in price levels between countries by indicating the number of units of a common cur-
rency needed to purchase the same amount of the aggregate level in each country. At the level of GDP, 
they measure differences in general price levels across countries. As can be seen from the World Bank 
(2020) data, the highest price level is observed in the European countries, including Switzerland (1.21), 
Iceland (1.07), and Norway (1.06), and the lowest one – in Tajikistan (0.22), Iran (0.17), and Sudan (0.14). 

At the same time, it is generally accepted that this difference is due only to a different income level or life 
of the population. In fact, this means the possibility of arbitrage for international trade. However, the 
high cost in rich countries may also be due to the high requirements associated with environmental and 
social responsibility. In addition, green investments and additional tax deductions are widespread in 
these countries (especially in Europe). For example, in the EU, the final price reaching the consumer on 
the transport fuel market will consist of three main components: tax-exclusive raw fuel price, environ-
mental tax, and VAT. At the same time, taxes are up to 60% of the final price of fuel, and they are the high-
est in the case of gasoline and diesel fuel (Jovan & Dolanc, 2020). However, this price is comparable to 
the price of green hydrogen since environmental taxes will not be applied to it. The lack of environmental 
taxes is currently the main reason for the competitiveness of green hydrogen in the transport sector.

Thus, on the one hand, the price factor can serve as a barometer for displaying the level of competitive 
attractiveness for the development of green economy products. On the other hand, it requires additional 
analysis and explanation of relationships for comparison with the markets of other countries.

1. LITERATURE REVIEW

According to Dasgupta et al. (2021), labor supply 
and productivity will decrease in the near future 
due to future climate change in most regions of the 
world, especially in tropical regions. Some parts 
of sub-Saharan Africa, South Asia, and Southeast 
Asia are most at risk under future warming sce-
narios. Heterogeneous regional response func-
tions suggest that it is necessary to move away 
from universal response functions to investigate 
the effect of climate on the labor force. Therefore, 
negative consequences for the distribution of glob-
al income are expected, which will be expressed 
in increased inequality and poverty. Particularly 
critical impacts are projected for low-income 
countries, where the impact of climate change on 
the workforce will be particularly strong.

1.1. Income inequality  
and environmental performance 

In the context of the objectives of this study, works 
that explore the relationship between environ-
mental performance and income inequality are of 
particular interest.

First, it is worth paying attention to the environ-
mental Kuznets curve (EKC) hypothesis, which 
justifies an inverted U-shaped relationship be-
tween various pollutants and per capita income. 
The concept of EKC originated in the early 1990s 
with the work of Grossman and Krueger (1991) on 
the potential impact of NAFTA and the promotion 
of the concept in the World Bank Development 
Report 1992 (IBRD, 1992). The point is that en-
vironmental pressure increases to a certain level 
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as income rises; thereafter decreases. The EKC 
shows how the technical measurement of en-
vironmental quality changes as the destiny of a 
country changes. It should be noted that there 
is a fairly large amount of literature supporting 
this hypothesis to one degree or another, for ex-
ample, Cole et al. (1997) and Beckerman (1992). 
Common to all studies is the statement that envi-
ronmental quality deteriorates in the early stages 
of economic development/growth and improves 
in the later stages.

For example, Hao et al. (2016) argue that the in-
come gap has widened over the past two decades 
of China’s rapid economic growth, and environ-
mental quality has deteriorated. Using the Gini 
coefficients as a measure of income inequality, 
they examined the impact of income inequality 
on China’s per capita carbon emissions. Their em-
pirical results showed that per capita carbon emis-
sions increase as the income gap widens across the 
country and in China’s eastern and non-eastern 
regions. There is a U-shaped relationship between 
per capita income and per capita carbon emissions 
among all the factors that can affect per capita car-
bon emissions. Moreover, an increase in the value 
added of secondary industry in GDP will signifi-
cantly increase per capita carbon emissions.

At the same time, many more recent studies have 
criticized these claims: Dinda (2004), Stern (2004), 
Blampied (2021), Sun and Wang (2021), and Cole 
and Lucchesi (2014). Critical remarks can be 
roughly divided into four main groups. 

The first group contained many studies that 
pointed to the ambiguity of empirical evidence. 
There is no clear causal relationship between in-
come levels and reduced emissions of pollutants 
(Onafowora & Owoye, 2014; Aung et al., 2017). For 
example, the calculated outcomes of Onafowora 
and Owoye (2014) show that the inverted U-shape 
EKC hypothesis is valid in Japan and South Korea. 
In the remaining six countries, the long-run re-
lationship between economic growth and CO2 
emissions follows an N-shaped path, and the es-
timated turning points are much higher than the 
sample mean. Furthermore, the results show that 
Granger’s energy consumption on average leads 
to both CO2 emissions and economic growth in 
all countries.

The second group of critical EKC studies argues 
that pollution is not simply a function of income 
but is triggered by many factors (Andreoni & 
Levinson, 2001). For example, important param-
eters are the effectiveness of state regulation, eco-
nomic development, and the level of population.

Almost twenty years ago, Grafton and Knowles 
(2004) used international data from samples from 
low-income, middle-income, and high-income 
countries to present the first empirical test of the 
relationship between national indicators of so-
cial capital, divergence, and potential in terms of 
various indicators of the country’s environmen-
tal performance. Overall, the results support the 
hypothesis that social determinants have a statis-
tically positive effect on national environmental 
quality but show that higher population density is 
associated with increased environmental deterio-
ration. Furthermore, the results show that social 
capital is not always good for the environment. 
However, higher incomes are not always associ-
ated with increased environmental degradation. 
In conclusion, the logic behind this policy is that 
improving the country’s environmental perfor-
mance can best be achieved by limiting future 
growth in population density and reducing emis-
sion intensity and costs.

More recently, Cracolici et al. (2010) provided an 
analytical framework for assessing spatial dis-
parities across countries. It is taken for granted 
that analyzing a country’s performance cannot be 
limited to economic or social factors alone. The 
purpose was to combine the relevant economic 
and “non-economic” (mostly social) aspects of 
the country’s activities into a logical framework. 
The authors created a structural simultaneous 
equation model to explore the direction of cau-
sality between the economic and non-economic 
aspects of a country’s performance. One of the 
most interesting findings concerns the inability of 
most countries to translate the higher education-
al skills of the population into higher economic 
performance over time. In addition, their analysis 
showed that it is highly desirable to draw up an 
accurate graphic record and formulate appropri-
ate policies aimed at caring for the environment. 
Surprisingly, only a few countries simultaneously 
achieved favorable economic and environmental 
performance.
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Morse (2018) also carried out a similar empirical 
study. Thus, he selected 16 environmental per-
formance indicators for which data were availa-
ble nationally (180 countries), all of which were 
components of the Environmental Performance 
Index (EPI) published in early 2016 and includ-
ed as dependent variables with income per capi-
ta (GDP per capita) and income distribution (Gini 
coefficient) over almost 20 years as independent 
variables. The data were analyzed using principal 
components regression. The results paint a rather 
complex picture. Some of the EPI component in-
dicators, especially in the Environmental Health 
category, are related to income and income distri-
bution, while others, especially those focusing on 
ecosystem health.

The third group includes analysis at the global 
level and explores the impact of international 
trade and other factors on the state of the en-
vironment. Many developed countries are ex-
periencing a decline in industry and growth in 
services, but they still import goods from devel-
oping countries. In this sense, they export envi-
ronmental degradation. For example, Rasli et al. 
(2018) showed that industrial activities signifi-
cantly increase vehicle emissions and nitrogen 
monoxide (NOx). In most cases, trade openness, 
energy demand, and per capita food variabili-
ty are directly related to air pollutants that de-
grade the environment.

In this regard, it should be noted that the impact 
of international trade on the level and distribution 
of income has been the subject of much attention 
in the international economy. There have been 
empirical studies supporting and opposing trade 
openness. However, in most studies, the authors 
conclude that the level of income of the population 
and prices in countries are closely related to the 
openness of the economy to international trade 
(Silva & Leichenko, 2004).

Trade has become a means of transporting both 
clean and dirty (highly polluting) goods, servic-
es, and technologies between countries. Although 
the impact of trade on economic development has 
been reported in the surviving literature, there 
are insufficient and conflicting results between 
pollution-related trade and environmental perfor-
mance (Alhassan et al., 2020).

At the same time, the question arises regarding the 
relationship between environmental performance 
indicators and international trade.

There are a lot of such studies, and they are mainly 
focused on solving one specific issue. For exam-
ple, Ali et al. (2021) show that in the long term, 
environmental innovation, trade, and consump-
tion and income from renewable energy sources 
are important factors in explaining carbon emis-
sions based on the consumption and emissions of 
carbon in an area. Therefore, the analysis focused 
on identifying the role of green innovation, trade, 
and renewable energy consumption in the rela-
tionship between trade and CO2 emissions in the 
top 10 carbon-emitting countries.

An interesting study was carried out by Alhassan 
et al. (2020). It examined the role of government 
good faith in the relationship between trade and 
the environment in the post-Kyoto era for 79 
countries between 2008 and 2018. Empirical re-
sults suggest that GDP per capita and government 
integrity improve environmental performance 
while trade hinders it. Sustainability analysis 
using the GMM dynamic panel method shows 
that the interaction of government honesty with 
trade yields a positive and significant coefficient. 
This means that increasing government integri-
ty prevents trade from negatively affecting envi-
ronmental performance. The study says that out-
sourcing the rules of operation for trade-oriented 
multinational companies operating in developing 
countries with weak institutions to global human-
itarian organizations such as the United Nations 
would be a first step towards reducing trade-relat-
ed environmental degradation.

Finally, the fourth group of critiques of the EKC 
concept argues that growth always results in more 
resource use. If the economy continues to expand, 
inevitably, some resources will continue to be used 
more. Moreover, there is no guarantee that long-
term levels of environmental degradation will 
continue to decline. For example, Gill et al. (2018) 
evaluate the relevance of the Environmental 
Kuznets Curve (EKC) hypothesis to the world’s 
environmental problems. To achieve this goal, 
various aspects of the EKC have been critically re-
viewed. The study concludes that the “grow now 
and cleanly later” EKC growth strategy is too re-
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source-intensive and incurs huge environmental 
costs that this planet may not be able to absorb in 
the future. The study’s main recommendations are 
that developing countries should follow a growth 
path that is different from that of the EKC. A 
growth path needs to be sustainable and less dis-
ruptive. Since energy is the most important deter-
minant of pollution, governments should develop 
specific renewable energy policies by taxing fossil 
fuels and subsidizing renewable energy.

1.2. Circular economy: pricing issues

Increasing resource efficiency by slowing, closing, 
and narrowing material and energy loops is key to 
climate change mitigation (Gallego-Schmid et al., 
2020). Recently, the concept of the development of 
a circular economy, which is designed to ensure 
the introduction of a circular production cycle, 
has been actively discussed in the economic and 
scientific literature. In particular, recent research 
has focused on resource reduction solutions that 
can deliver greenhouse gas savings per functional 
unit, where material recycling is the most prom-
ising alternative. At the same time, it has been 
pointed out that quantification is vital in all cases, 
as circular economy solutions do not always auto-
matically lead to emission reductions.

Issues of environmental efficiency are closely relat-
ed to the concept of sustainable development and 
circular economy. There is already a large amount 
of research in this direction. Among the concep-
tual ones, it is possible to single out Wysokińska 
(2016), who analyzes the evolution of the new en-
vironmental policy of the European Union in the 
context of efforts made to mitigate the negative 
effects of climate change. The study describes all 
activities in the European Union aimed at intro-
ducing new EU environmental policy instruments, 
such as low-carbon technologies, tools that im-
prove the management of limited natural resourc-
es, a sustainable transport package, etc. These are 
intended to lay the foundations for a circular econ-
omy, i.e., an economy in which excessive waste is 
not generated and any waste becomes a resource.

The studies mainly substantiate various aspects of 
the usefulness of the circular economy as a means 
of combating the environmental consequences 
that provoke climate change (Christis et al., 2019; 

Durán-Romero et al., 2020). For example, Christis 
et al. (2019) calculated that with circular economy 
strategies, Brussels could mitigate 25% of CF and 
26% of MF, 18% of CF and 26% of MF, as well as 
7% of CF and 10% of MF, respectively.

However, some authors insist on the ambiguity of 
the results and the need for more systematic ap-
proaches to the terminology and methods of im-
plementing the principles of the circular to achieve 
tangible results of efficiency. Thus, Cantzler et al. 
(2020) note that most studies indicate potential, 
but implementation remains weak. In particular, 
they explored additional measures that require, 
but do not demonstrate, climate change mitiga-
tion. They also show that the greatest potential 
for savings is found in the industry, energy, and 
transport sectors; average savings in the waste and 
construction sector; and the smallest increase is 
expected in agriculture. 

Some researchers draw on the need to revalue re-
sources in a circular economy. For example, Di 
Maio et al. (2017) propose value-based indicators 
to measure the performance of supply chain mem-
bers in terms of resource efficiency and circular 
economy. They advocate measuring both resource 
efficiency and the circular economy in terms of 
the market value of ‘tight’ resources. This value 
includes elements of scarcity versus competition 
and taxes representing immediate social and en-
vironmental externalities. Using this unit, cycli-
cality is defined as the percentage of the cost of 
stressed resources included in a service or product 
that is returned after the end of their useful life. 
Resource efficiency is the ratio of the value added 
of a product to the cost of the strained resources 
used in a production or process. It is argued that 
it is the concept of a free market, in which mate-
rials, parts, and components are exchanged solely 
based on their functionality and value, that makes 
it possible to distinguish the resource efficiency 
of a process (KPI for industry and management) 
from the resource efficiency of a product (KPI for 
consumers and management).

In general, it should be noted that there are rela-
tively few sources devoted to the specifics of pric-
ing in the markets of circular products. Moreover, 
they often have a fragmentary character. For ex-
ample, Shen et al. (2019) studied pricing strate-
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gies for green and non-green goods. In short, if 
a green supply chain is truly socially responsible, 
it must develop a low-compatibility product that 
can increase its environmental impact. However, 
this approach does not solve the global problem of 
mass production of eco-friendly products.

Of interest is the work of Schlosser et al. (2021). At 
the micro level (firms), they proposed an optimal 
management model that integrates the recycling 
rate of a firm that can use both primary and recy-
cled resources in the production process. As shown 
by their model, which considers the impact of re-
cycling on both the supply and demand side, the 
positive effect of a firm’s use of recycled resourc-
es decreases over time but can increase through 
investment. The focus of their study is to develop 
more rational methods of sustainable develop-
ment for firms operating in the circular economy. 
In doing so, they are studying dynamic pricing 
and refining investment policies together to deter-
mine their optimal synergy over time. However, as 
noted above, this paper is more focused on practi-
cal application at the micro level and does not set 
tasks related to the analysis of global factors influ-
encing the cost of resources.

Therefore, after summarizing the literary sourc-
es, the following conclusions can be drawn. First, 
there are two main development scenarios for 
countries regarding environmental performance:

1) in accordance with the environmental 
Kuznets curve (EKC), by increasing incomes 
with the hope that in the future, they will lead 
to qualitative changes in the environment;

2) an alternative scenario, which provides for the 
immediate introduction of the principles of 
decoupling and a circular economy, focused 
on the simultaneous growth of incomes and 
the quality of the environment.

Obviously, the second scenario is more promising, 
but the question arises of how to achieve it.

Second, the circular economy provides for an in-
crease in the efficiency of resource use by slowing 
down, closing, and narrowing the material and 
energy loops. Many researchers talk about the spe-
cifics of the price factor for the market for circular 

and environmentally friendly products. However, 
the analysis showed that the existing studies are 
still fragmentary.

Consequently, despite many studies in the field of 
environmental efficiency, the circular economy, 
and various macroeconomic and social parame-
ters, many questions still remain open, which led 
to the goal of this study.

Therefore, this paper aims to explore all aspects of 
the impact of price levels and purchasing power 
on environmental performance in different coun-
tries based on the RapidMiner’s machine learning 
program.

2. METHODS

To analyze the factors affecting the environmental 
efficiency index, including the price level and pur-
chasing power in the country, it is proposed to use 
the particular assessing model (Figure 1).

The first stage of index selection involves the choice 
of indicators: responsible for comparing pric-
es, population incomes and international trade 
across countries. In addition, the Environmental 
Performance Index (EPI) has been chosen as an in-
dicator of a country’s environmental performance.

In this context, the proposed ultimate goal is to 
test the following hypothesis: in most cases, the 
market provided an incorrect principle of pricing 
for goods, which led to a distortion of the cost of 
their production due to ignoring the costs asso-
ciated with the need to restore the natural condi-
tions of the Earth.

For instance, the traditional price function is deter-
mined by the balance of supply and demand. At the 
same time, the offer price depends on the cost of 
production of goods, margins and the level of taxes.

,
t t t t
P C M T= + +  (1)

where P
t
 – traditional (classic) pricing of goods; M

t
 – 

seller’s (manufacturer’s) profit margin; T
t
 – taxes.

In practice, however, to maintain a balance in na-
ture, it is imperative to include in the price the cost 
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of restoring natural resources used to produce goods. 
Thus, the pricing formula should look like this:

,
F t R
P P C= +  (2)

where P
F
 – full (real) price, taking into account the 

restoration of spent resources; C
R
 – the cost of re-

storing spent resources in the future; P
t
 – tradi-

tional (classic) price of goods.

In this regard, if each commodity is to be revalued 
and reflect the real value of the principles of the 
global economy, it should be completely revised.

At the same time, some countries have begun to 
actively stimulate the development of so-called 
circular production, which involves significant in-
vestment in the development of new technologies 
designed to increase the usefulness and value of 
the resources needed for production. The govern-
ments of these countries are actively stimulating 
the development of these areas, including through 
regulatory methods. Accordingly, prices in such 
countries for products differ significantly since 
these are mainly developed countries.

Thus, it seems appropriate to compare the price 
level in different countries and the key factors that 
can significantly affect these prices – income level, 
taxes, economic openness, etc.

Analysis of the data used to determine EPI 2018 
revealed 24 individual environmental indicators 

used in the calculations, grouped into a hierarchy 
of ten categories: 

1) air quality; 
2) water and sanitation; 
3) heavy metals; 
4) biodiversity and habitat; 
5) forests; 
6) fisheries; 
7) climate and energy; 
8) air pollution; 
9) water resources; 
10) agriculture.

These categories are further combined into two 
that form the target policy – environmental pro-
tection and ecosystem health – and, finally, a 
standard indicator. To provide meaningful com-
parisons, the paper scores each of the 24 metrics 
on a standard scale, with 0 being the worst per-
formance and 100 being the best. The remoteness 
of a country from achieving international sustain-
able development goals determines its location 
on such a scale. The numbers are then multiplied 
by the weights and summed up for the final EPI 
calculation.

In the second stage of the Correlation matrix, the 
quality of the links between the selected indica-
tors is examined.

In the third stage, it is necessary to build a model 
for clustering countries according to the EPI in-

Source: Developed by the authors.

Figure 1. Model for assessing the impact of price levels and purchasing power on environmental 

performance in different countries

1. Selection of indexes

Responsible for price comparison 
between countries
Related to revenue of population
Related to international trade

2. Correlation matrix

The purpose is to check the 
quality of selected indexes

3. k-means cluster model

The purpose is to create clusters 
of countries based on their EPI 
performance and other related 
indexes

4. Decision tree

The purpose is to conduct a 
prediction of cluster performance 
based on selected indexes
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dex. It is proposed to use the k-means cluster mod-
el as such a model. According to the data of the 
RapidMiner application, it is the k-means model 
that the application should be used to solve prob-
lems with database segmentation into clusters.

The fourth stage includes a direct forecast of the 
environmental performance cluster of a country 
based on a comparison of its price and purchasing 
power parameters. For this, the best option is the 
decision tree model (MOD by RapidMiner).

Due to the universality of the methodological ap-
paratus, the decision tree has industry applications 
both in different areas of economic science (which 
is reflected, for example, in the works, and in oth-
er areas of activity, in particular, in information 
systems and the management of technical systems 
(Patel & Prajapati, 2018). Furthermore, the ability 
to include both qualitative and quantitative infor-
mation in the decision tree allows for analyzing 
the frequencies of phenomena, events, and objects 
(including the compatibility of frequencies of dif-
ferent combinations of events).

Thus, the combined application of the decision tree 
method and associative analysis makes it possible 
to reduce the amount of calculations by combin-
ing them, increase the visibility and interconnect-
edness of the results of the analysis of particular 
problems, and thereby increase business efficiency 
by increasing the validity and efficiency of man-
agement decisions (Chandrasekar et al., 2017).

3. RESULTS 

At the initial stage, static data are collected, includ-
ing indexes on environmental performance, price 
level ratio of PPP conversion factor (GDP) to mar-

ket exchange rate, merchandise trade (% of GDP), 
exports and imports of goods and services (% of 
GDP), GDP per capita (current USD) and GDP 
growth (annual %) to calculate the model (Table 1).

3.1. Correlation matrix

Further, a correlation analysis was carried out be-
tween the collected statistical data (Table 2), which 
showed a strong relationship between the environ-
mental efficiency index (EPI) with price level ratio 
of PPP conversion factor (GDP) to the market ex-
change rate (0.70), and GDP per capita (0.81).

3.2. Application of k-means model  
for cluster creation

It is clear that achievements in environmental ef-
ficiency vary from country to country. On the 
other hand, in order to generalize the results and 
highlight patterns, it is necessary to divide coun-
tries into clusters. Therefore, the next step involved 
country subgrouping, for which the RapidMiner 
software package was used, namely the k-means 
clustering model. It was revealed that the environ-
mental efficiency index has a high correlation coef-
ficient with the parameter responsible for the price 
level in the country (price level ratio of PPP conver-
sion factor (GDP) to market exchange rate). These 
indicators were taken to build the clustering model 
k- means. As a result of the calculations, three clus-
ters of countries were obtained (Figure 2).

The model also allowed to obtain boundary values 
for grouping countries by the EPI parameter and 
Price level ratio of PPP conversion factor (GDP) to 
the market exchange rate. The results are present-
ed in Table A1, where the countries are divided in-
to clusters by applying the above methodological 
approach to the environmental indicators analysis.

Table 1. Key indicators 
Source: Developed by the authors.

Index Type Source

Price level ratio of PPP conversion factor (GDP) to 
market exchange rate Attribute X(1) Merchandise imports (% of GDP) – 2020. World Bank Data.

Exports of goods and services (% of GDP) Attribute X(2) New businesses registered (number) 2018.
Imports of goods and services (% of GDP) Attribute X(3) Foreign direct investment, net (BoP, current USD) 2018.
GDP per capita (current USD) Attribute X(4) GDP per capita (current USD) – 2020. World Bank Data.
GDP growth (annual %) Attribute X(5) GDP growth (annual %) – 2020. World Bank Data.
Merchandise trade (% of GDP) Attribute X(6) Merchandise trade (% of GDP) – 2020. World Bank Data.
GDP (current USD) Attribute X(7) GDP (current USD) – 2020. World Bank Data.
EPI, 2020 Class label (Y) 2020 Environmental Performance Index.
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3.3. Building a decision tree model

The third stage includes applying the RapidMiner 
software package for building a decision tree to 
predict which cluster of environmental perfor-
mance the country will belong to, depending on 
its indicators of price level, purchasing power, in-
ternational trade openness, etc. (the database is 
presented in Appendix A). Figure 3 shows the 
plotting results.

Based on the analysis, it is possible to conclude that 
the key factor influencing the efficiency of the envi-
ronment in the national ecosystem is the level of in-
come of the population. In countries where this indi-
cator is higher than USD 12,486/year, it is either high 
or the average level of EPI. Furthermore, a signifi-
cant influence of the price level in the country on the 
ecological compatibility of the ecosystem has been 
revealed. Thus, countries with high average prices 
(more than 0.455) have high environmental efficien-

Table 2. Correlation matrix

Source: Developed by the authors using RapidMiner engine.

Index
Price level ratio of PPP 

conversion factor (GDP) 

to market exchange rate

Exports of 
goods and 

services (% of 

GDP)

Imports of 

goods and 

services (% of 

GDP)

GDP per 

capita 

(current 

USD)

GDP 

growth 

(annual %)

Merchandise 

trade (% of 

GDP)

GDP 

(current 

USD)

EPI, 

2020

Price level ratio of PPP 
conversion factor (GDP) to 
market exchange rate

1.00 0.33 0.22 0.82 –0.13 0.06 0.18 0.70

Exports of goods and 
services (% of GDP) 0.33 1.00 0.90 0.55 0.00 0.68 –0.08 0.41

Imports of goods and 
services (% of GDP) 0.22 0.90 1.00 0.39 –0.11 0.66 –0.17 0.26

GDP per capita (current 
USD) 0.82 0.55 0.39 1.00 0.03 0.18 0.14 0.81

GDP growth (annual %) –0.13 0.00 –0.11 0.03 1.00 –0.04 0.09 –0.14
Merchandise trade (% of 
GDP) 0.06 0.68 0.66 0.18 –0.04 1.00 –0.11 0.27

GDP (current USD) 0.18 –0.08 –0.17 0.14 0.09 –0.11 1.00 0.13
EPI, 2020 0.70 0.41 0.26 0.81 –0.14 0.27 0.13 1.00

Note: Cluster Model: Cluster 0: 48 items; Cluster 1: 50 items; Cluster 2: 34 items; Total number of items: 132.

Figure 2. K-means model of clusterization of countries by EPI 

Source: Developed by the authors using RapidMiner engine.
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Figure 3. Decision tree for classification of environmental performance cluster

cy. When this indicator is below 0.455, the countries 
are mainly in the medium-efficiency cluster. With 
GDP per capita in a country below USD 3,304/year, 
countries are in the low environmental efficiency 
cluster. Countries with a per capita GDP greater than 
USD 4,916/year but less than USD 12,486/year would 
be in the middle-efficiency cluster. Finally, those 
whose GDP indicator is in a narrow range from 3305 
to 4916 USD/year belong to the middle cluster (in 
77% of cases) or low (23%).

A low level of correlation was also revealed be-
tween the EPI indicator and the openness of the 
country’s economy, particularly the turnover of 
export-import operations concerning GDP.

4. DISCUSSION 

On the one hand, the results obtained confirm the 
conclusions made by other researchers. In particu-
lar, a direct relationship exists between the income 
level of the population and environmental efficien-
cy indicators. However, on the other hand, high 
dependence on the level of prices in the country 
was revealed, which confirms the hypothesis that 
the cost of goods in green regions reflects higher 
standards regarding the cost of natural resources.

First, there must be a global audit of existing re-
sources, both renewable and non-renewable. The 
cost of non-renewable sources should be reviewed. 
Moreover, recycling programs are needed that 
could drastically reduce their consumption, as well 
as programs for the development of substitutes 
(for example, green energy instead of gas, hydro-
gen economy, and so on). As for renewable sourc-
es, one of the critical parameters should be the re-
newal period – the longer, the more expensive.

Second, it will lead to higher prices and “unavail-
ability of many benefits” for the masses. On the 
other hand, ownership can be swapped for rent in 
many industries, ranging from cars and homes to 
sports equipment. In this regard, it is important 
to change the consciousness – to rent “good,” as it 
means less and more efficient consumption.

The question is how to recover the resources spent. 
The first option is when the government collects 
the payment as a tax, part of which can be seen in 
tax increases in the EU. The second option is when 
the producers themselves are placed in conditions 
of physical resource constraints and are forced 
to implement a recovery/recycling system. The 
implementation of such transformations should 
combine these two approaches. 

Source: Developed by the authors using RapidMiner engine.
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Future promising lines of research should include 
the following points. First, the sources of financing 
for the implementation of circular projects must 
be investigated. On the one hand, a higher selling 
price of green goods should provide a faster pay-
back; however, the risks here are also much higher 
(especially the risk of substitutes and technological 
risks), and it is often difficult for traditional sourc-
es of financing to assess them. Therefore, special 
mechanisms are needed, including tax incentives, 
grants, special programs, green bonds, etc.

Second, further research related to the use of digi-
tal technologies to manage circular business mod-
els and predict the optimal price and the associat-
ed economic and environmental effects could be 
very relevant.

Finally, it is essential to understand the clear 
mechanisms of the positive impact of internation-
al trade on the pricing of green goods since this 
study has not revealed a positive correlation here. 
Therefore, more in-depth research is needed.

CONCLUSION

The aim of this paper was to study all aspects of the influence of the pricing and the openness of 
the economy on environmental efficiency. Application of the RapidMiner software package allowed 
building a decision tree for predicting the state of the environment under various combinations of 
factors affecting the development of the ecosystem. Based on the analysis, it can be concluded that the 
critical factor affecting the efficiency of the environment in the national ecosystem is the population’s 
income level. In countries where this indicator is higher than USD 12,486/year, it is either high or the 
average level of EPI. A significant influence of the price level in the country on the ecological compat-
ibility of the ecosystem has been revealed. Thus, countries with high average prices (more than 0.455) 
have high environmental efficiency. If this indicator is below 0.455, the countries are mainly in the 
medium-efficiency cluster. With GDP per capita in a country below USD 3,304/year, countries are in 
the low environmental efficiency cluster. Countries with a per capita GDP greater than USD 4,916/
year but less than USD 12,486/year would be in the middle-efficiency cluster. Finally, those whose 
GDP indicator is in a narrow range from 3305 to 4916 USD/year belong to the middle cluster (in 77% 
of cases) or low (23%).

The strong relationship between the Environmental Condition Index (EPI) and national price levels 
(0.73) suggests that resource-pricing principles need to be revised, especially in countries with a third 
cluster (low).

A low level of correlation was also revealed between the EPI indicator and the openness of the coun-
try’s economy, in particular, the turnover of export-import operations concerning GDP. Moreover, 
this situation is also typical for the EU countries, where there are additional environmental taxes 
on many groups of goods. This may support previous conclusions that the relationship between 
environmental efficiency and export-import operations is skewed because there is a decline in in-
dustry and growth in the service sector in any developed country. However, they still import goods 
from developing countries. Thus, they export environmental degradation. Therefore, it would be 
more appropriate to apply a methodology that takes into account the import-export of the carbon 
footprint.

On the one hand, the results obtained partly confirm the conclusions made by other researchers (critics 
of EKC theory). In particular, there is a direct relationship between the population’s income level and 
indicators of environmental efficiency. On the other hand, a high dependence on the level of prices in a 
country and its environmental indexes was revealed, which can confirm the hypothesis that the price 
of green goods reflects higher standards regarding the cost of natural resources. This means that poten-
tially environmentally friendly goods, in the case of cost optimization, will have a higher margin and, 
ultimately, investment attractiveness.
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APPENDIX A

Table A1. Clusters of countries by EPI index
Source: Developed by the authors using RapidMiner engine.

Cluster EPI 

Performance
Low Intermediate High

Cluster Cluster 0 Cluster 1 Cluster 2
Price level ratio 
of PPP conversion 
factor (GDP) to 
market exchange rate 
(average)

0.397062 0.42226 0.775483

EPI, 2020 (average) 32.00208 48.02 71.82353

Countries

Kyrgyz Republic, Iraq, Bhutan, Nicaragua, 
Sri Lanka, Philippines, Burkina Faso, Malawi, 

Tajikistan, Equatorial Guinea, Honduras, 
Indonesia, Kiribati, Sao Tome and Principe, 

China, Qatar, Zimbabwe, Central African 
Republic, Congo, Dem. Rep., Guyana, 

Maldives, Uganda, Timor-Leste, Lao PDR, 
Sudan, Kenya, Zambia, Ethiopia, Fiji, 

Mozambique, Rwanda, Eswatini, Cameroon, 
Cambodia, Vietnam, Pakistan, Cabo Verde, 

Nepal, Papua New Guinea, Mongolia, 
Comoros, Guatemala, Tanzania, Nigeria, 

Congo, Rep., Niger, Senegal, Benin, Angola, 
Togo, Mali, Guinea-Bissau, Bangladesh, 

Vanuatu, Djibouti, Lesotho, Gambia, 
Mauritania, Ghana, India, Burundi, Haiti, 

Solomon Islands, Chad, Madagascar, Guinea, 
Cote d’Ivoire, Sierra Leone, Afghanistan, 

Myanmar, Liberia

Seychelles, Singapore, Bulgaria, 
North Macedonia, Chile, Serbia, 

Brunei Darussalam, Jordan, Belarus, 
Colombia, Mexico, Costa Rica, 

Armenia, Argentina, Brazil, Ecuador, 
Russian Federation, Ukraine, Uruguay, 

Albania, Antigua and Barbuda, 
St. Vincent and the Grenadines, 

Jamaica, Iran, Malaysia, Trinidad and 
Tobago, Panama, Tunisia, Azerbaijan, 

Paraguay, Dominican Republic, 
Montenegro, Gabon, Barbados, 

Bosnia and Herzegovina, Lebanon, 
Thailand, Suriname, Mauritius, Algeria, 

Kazakhstan, Dominica, Moldova, 
Bolivia, Uzbekistan, Peru, Saudi Arabia, 

Bahamas, Egypt, Grenada, St. Lucia, 
El Salvador, South Africa, Turkey, 

Morocco, Belize, Georgia, Botswana, 
Namibia

Denmark, Luxembourg, 
Switzerland, United 

Kingdom, France, 
Austria, Finland, 

Sweden, Norway, 
Germany, Netherlands, 

Australia, Spain, 
Belgium, Ireland, 
Iceland, Slovenia, 

New Zealand, Canada, 
Czech Republic, Italy, 
Malta, United States, 

Greece, Slovak Republic, 
Portugal, Korea, Rep., 
Israel, Estonia, Cyprus, 

Romania, Hungary, 
Croatia, Lithuania, 

Latvia, Poland
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