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Abstract. The main purpose of the paper is to identify the factors that determine the course of 
green transformation and to assess the current stage and possible directions of change in subse-
quent years in EU countries. The literature lacks comprehensive studies that show the impact of 
diverse types of factors on the course of green transformation. For this purpose, two perspectives 
of the research – economic and environmental – are usually taken into account. This paper also 
proposes to take social factors into account. The empirical verification was conducted using green 
growth indicators that are published by the OECD that were compared with factors identified 
from the literature review. Taxonomic (synthetic) measure of development applying the Weber 
median and correlation coefficient were used for searching for relationships between the identi-
fied groups of indicators described both the changes in the dimension of green growth (internal 
factors of green transformation) and changes in the dimension of contextual indicators (so-called 
external factors). The proposed way of combining the results obtained from these two methods of 
data analysis is also new to research in this field. Its aim is an in-depth exploration of the issue, 
which enables a 2-step verification of the results obtained.
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Introduction

Green transformation is now one of the most frequently discussed topics in both political 
debates and academic works. The increased interest in research in this dimension, concern-
ing mostly the last 10 years (see: Duarte & Cruz-Machado, 2013; Brown & McGranahan, 
2016; Cheba & Bąk, 2021) is a result of the current global metamorphoses of the environment 
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associated with climate change and biodiversity loss, among other things. Growing public 
awareness and the certainty that an incremental change is not enough to combat climate 
change, have led to a growing interest in green transformation. That results, inter alia, in 
many different proposals for defining the term. Although there is still no complete consensus 
in the literature on how to describe green transformation, it is not and should not be the only 
line of research. It should be emphasised, however, that the scope of the adopted definition 
also determines several subsequent decisions related to, for example, the introduction of 
legal regulations or measures that enable greater social acceptance of implemented changes. 
Green transformation is described in the literature both as a gradual improvement of exist-
ing activities (Gibbs & O’Neill, 2015; Kemp & Never, 2017), as well as the implementation of 
significant changes that drastically alter the existing way of doing business (Gea-Bermúdez 
et al., 2021). Regardless of the definition adopted, the very course of green transformation is 
conditioned by many different factors. Some of them, such as society wealth level, economic 
activity, or technological advancement level, clearly determine the current stage of this pro-
cess in individual economies. Some other have yet to be conceptualised and precisely defined.

This study aims to identify the factors that determine the course of green transformation 
and to assess the current stage of this transformation and possible directions of change in 
this respect in subsequent years.

The starting point for the considerations presented in this paper is a review of the lit-
erature on green transformation, the aim of which is to identify differences in terms of the 
conceptualisation of the term in different economies. Feola (2015) claims that currently “little 
consensus exists regarding the conceptual basis of transformation,” which necessitates more 
empirical studies that can help to specify the term. The considerations presented in this paper 
and the attempts made to show differences in defining the term depending on, for example, 
the level of public acceptability of changes related to green transformation are a response to 
the growing needs in this respect.

This paper assumes that both different approaches to defining the term and different 
current stages of economies of the world’s countries are the result of many various factors 
that are directly and indirectly related to the transformation process itself. These include, 
for example, society wealth level, technological advancement level of the economy, cultural 
differences or even geographic location. The identification of these factors and then the as-
sessment of their impact on current processes of green transformation in individual EU 
countries is the next stage of the research conducted in this paper.

The following research questions were formulated in this paper to detail the scope of the 
considerations concerned:

1. How is the green transformation defined in the literature and which factors are indi-
cated as important determinants of this process?

2. Which of these factors do have a significant impact on green transformation?
3. Can correlations be established between the factors identified and the current stage of 

the transformation process in the EU countries?
The approach proposed in this paper based on, on the one hand, the systematisation 

of knowledge in the field of defining the term green transformation and identification of 
determinants of this transformation, and, on the other hand, on the empirical verification 
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of the results of this review, constitutes the added value of this paper. In fact, the literature 
lacks comprehensive studies that show the impact of diverse types of factors on the course 
of green transformation. For this purpose, two perspectives of the research – economic and 
environmental – are usually taken into account. This paper also proposes to take social fac-
tors into account. This type of approach is in line with recent proposals for defining green 
transformation that is referred to, for example, as sustainable transformation. Differences in 
terms of the course of this process resulting from the availability of specific natural resources 
in individual countries and from human activities, such as environmental or technological 
innovations, were also taken into consideration. 

The empirical verification was conducted using green growth indicators that are pub-
lished periodically by the OECD and they were juxtaposed with information regarding fac-
tors identified from the literature review, which determine the course of green transformation 
in individual economies. 

Taxonomic (synthetic) measure of development applying the Weber median and cor-
relation coefficients were used for searching for relationships between the changes in the 
dimension of green growth (internal factors of green transformation) as well as the changes 
in the dimension of contextual indicators (so called external factors). The proposed way 
of combining the results obtained from these two methods of data analysis is also new to 
research in this field. Its aim is an in-depth exploration of the issue, which enables a 2-step 
verification of the results obtained.

1. From green growth and green economy to green  
transformation – literature review

In the past, economic growth was considered to be a process that is strongly dependent 
on the availability and consumption of natural resources. The consequence of this sort of 
thinking that assumes unlimited access to deposits of resources, mainly energy resources, is 
the current crisis that is related to a shortage of raw materials and constantly rising energy 
prices. This crisis should result in a fundamental change in the approach to managing the 
economy with a view to its green transformation that until recently has only been treated as 
an alternative. To fully understand the importance of green transformation for the modern 
world, it is crucial, among other things, to define the framework for defining this term and 
indicate the factors that significantly affect the course of green transformation.

The basis for defining the term green transformation is an explanation of the concepts 
that are directly related to it, i.e. green economy and green growth. 

Although attempts to describe these concepts have been made in the literature for many 
years, they have not been clearly defined to date. A review of publications indexed, for ex-
ample, in the Web of Science (WoS) database reveals that there are currently (as of the end of 
December 2021) over 5,000 papers including references to the terms such as green economy 
or green growth, while the oldest paper presenting these terms in the context of economic 
growth dates back to 1983 (Shearer, 1983). A systematic increase in publications in this field 
has been observed since 2010. A total of 4,956 papers were published in 2010–2021, with the 
highest number, 691, in 2021. 
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At the global level, the term “green economy” was first used in a pioneering 1989 report 
“Blueprint for a Green Economy” (Barbier et al., 1990) prepared by a group of leading envi-
ronmental economists for the government of the United Kingdom. However, apart from the 
title of this report, there are no further references to green economy. In the following years: 
1991 and 1994, the authors published the second part of the first report entitled “Blueprint 
2: Greening the world economy” and “Blueprint 3: Measuring Sustainable Development” 
(Pearce, 2014). Only these reports attempted to explain the problem more broadly in the 
context of the global economy. The definitions of green economy emerged later, especially 
after 2008, in many documents elaborated by the European Commission, international or-
ganisations (UN and OECD agencies) or national agencies and research teams. For example, 
UNEP defines green economy as “one that results in improved human well-being and social 
equity, while significantly reducing environmental risks and ecological scarcities. In its sim-
plest expression, a green economy can be thought of as one which is low carbon, resource 
efficient and socially inclusive” (UNEP, 2011).

The term “green growth” first emerged in the context of intergovernmental discussions at 
the Fifth Ministerial Conference on Environment and Development (MCED) in Asia and the 
Pacific held in 2005 in Seoul, the Republic of Korea. The green growth, or environmentally 
sustainable economic growth, was defined as “a strategy of sustaining economic growth and 
job creation necessary to reduce poverty in the face of worsening resource constraints and cli-
mate crisis” (United Nations Environment Programme & International Resource Panel, 2011). 

Currently, there are many different definitions of these concepts in the literature (see: 
Jacobs, 2012; Bowen & Hepburn, 2014). Merino-Saum et al. (2020) identified as many as 95 
definitions of green economy and 45 definitions of green growth. They also note that these 
terms focus on “potential trade-offs and synergies between economic and environmental di-
mensions (without ignoring social issues)”. In contrast, recent proposals to define both green 
economy and green growth have also increasingly emphasised the importance of social capi-
tal and social determinants. For example, inclusive green growth (IGG) “combines economic, 
social and environmental dimensions, which increases the complexity of measurement and 
monitoring. IGG is a multi-faceted concept covering multiple interlinked dimensions – eco-
nomic, social and environmental. IGG requires a transformation of economies and a transi-
tion towards cleaner, low-carbon, resource efficient and resilient economic systems in the 
long-run” (Narloch & Bangalore, 2016). 

The desire to emphasise social aspects in created definitions is also linked to recent pro-
posals to explain the term “green transformation”. The literature pays a lot of attention to 
the issue of green transformation. Green transformation is now one of the most frequently 
discussed topics in both political debates and academic works. The WoS database identifies 
more than 65,000 publications that refer to the green growth context or terms such as transi-
tion or transformation in green economy. The increased interest in research in this dimen-
sion, primarily concerning the last 10 years (see: Guo et al., 2017; Hallegate & Rozenberg, 
2017; Amudsen & Hermansen, 2021) is a result of the current unfavourable global metamor-
phoses of the environment associated with, for example, climate change and biodiversity loss. 

The literature defines green transformation in many different ways. Some authors (see 
Borel-Saladin & Turok, 2013; Georgeson et al., 2017) claim that this term should be associ-
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ated primarily with environmental change, for example, as “the process of structural change 
which brings the economy within the planetary boundaries” or as “a system (of decisions, 
policies, and directions of development) that emphasises the use of renewable energy sources 
and economical management of green dimensions for a sustainable future”. In contrast to 
definitions that focus on the need to comply with environmental restrictions, other authors 
(see: Hermwille et al., 2015; Barbier, 2020) closely link “regreening” to multiple dimensions 
of sustainability – environmental, economic, social and institutional-political. By prefixing 
the term “transformation” with the word “green”, our intention is to focus on environmental 
dimensions of the changes; however, these almost inevitably give rise to questions concern-
ing social issues and environmental justice (see: Schmitz, 2015; Crespi et al., 2016; Keeys & 
Huemann, 2017; Cui & Lui, 2021). 

With the development of research in the field of green economy and green growth and, 
as a consequence, green transformation, there are also changes in defining these terms. There 
is an increasing number of determinants that are taken into account. Definitions that refer to 
economic aspects complemented by environmental factors also include social factors. Cur-
rently, the literature (Scoones et al., 2015) is increasingly drawing attention to the fact that 
green transformation has no chance of success without social acceptability of this process.

Table 1 shows an overview of various definitions that directly or indirectly identify refer-
ences to terms that are related to green transformation of the economy, including starting 
terms that include green economy and green growth.

2. Green transition factors

The current state of knowledge on the existing progress in the implementation of assump-
tions of green transformation clearly indicates that this process is affected by a wide variety of 
factors. Some of these factors, such as society wealth level, economic activity or technological 
advancement level, certainly determine the current stage of this process in individual econo-
mies. Other factors, on the other hand, have yet to be conceptualised and precisely defined. 
The structure of green transformations varies depending on the environment in which they 
are carried out (Perez‐Valls et al., 2016). Pitkänen et al. (2016) point that “the practical imple-
mentation of green economy is related to a multiplicity of factors and causalities depending 
on the context, and transition to green economies requires negotiation between potential 
trade-offs among multiple goals, and interests of various stakeholders”. 

Speck and Zoboli (2017) state that “major economic transformations in the EU econo-
mies, are not leading to a green economy transition”. The main factors that promote green 
transformation include eco-innovation, the open circulation of green knowledge, availability 
of financial resources for investing in the long-term transition and fiscal reforms, in particu-
lar economic instruments, such as carbon pricing schemes.

On the other hand, Wang et al. (2018) examine the relationships between technological 
innovation capability, which is divided into two dimensions such as research and develop-
ment capability and result transform capability, and green economic growth in China. 

In contrast, Chen and Lin’s article (2021) aims to explore the relationship between the 
development of infrastructure investment and the pace of green transformation in manufac-
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Table 1. Green transition and green transformation – a various proposal of definition

Year Author(s)/Institution Definition

2011 OECD (The 
Organisation for 
Economic Co-operation 
and Development)

Green growth is defined as being “about fostering economic 
growth and development while ensuring that natural assets 
continue to provide the resources and environmental services on 
which our well-being re-lies. It is also about fostering investment 
and innovation, which will underpin sustained growth and give 
rise to new economic opportunities”. 

2011 UNEP (The United 
Nations Environmental 
Program)

UNEP propose s definition of green economy that it is presented 
as one of that results in “improved human well-being and social 
equity, while significantly reducing environmental risks and 
ecological scarcities”. A green economy is low carbon, resource-
efficient, and socially inclusive”. According to UNEP: “In a green 
economy, growth in income and employment should be driven 
by public and private investments that reduce carbon emissions 
and pollution, enhance energy and resource efficiency, and 
prevent the loss of biodiversity and ecosystem services”.

2012 World Bank “Green growth is growth that is efficient in its use of natural 
resources, clean in that it minimizes pollution and environmental 
impacts, and resilient in that it accounts for natural hazards”.

2012 ESCAP (Economic and 
Social Commission for 
Asia and the Pacific)

“Green growth, or environmentally sustainable economic growth 
is a strategy of sustaining economic growth and job creation 
necessary to reduce poverty in the face of worsening resource 
constraints and climate crisis”.

2014 Olsson, Galaz, & 
Boonstra 

Sustainability transformations is shifts that fundamentally alter 
human and environmental interactions and feedbacks.

2015 International Labour 
Organization

In term “transition” means “just transition to environmentally 
sustainable economies and societies”.

2016 EC (European 
Commission)

“The aim (of green growth) is to create more value while 
using fewer resources, and substituting them with more 
environmentally favorable choices wherever possible”.

2018 UNRISD (United 
Nations Research 
Institute for Social 
Development)

A Just Transition means greening the economy in a way that is 
as fair and inclusive as possible to everyone concerned, creating 
decent work opportunities and leaving no one behind.

2020 Melnyk, Reznikova, & 
Ivashchenko

“Green economics is the economics leading to the increased 
welfare of people and the assured social justice along with the 
reduced environmental risks due to the sustainable economic 
growth, which includes elaboration of political decisions on 
the implementation of energy-saving technologies and “clean 
production” methods.

2021 Nordic Council of 
Ministers

Green transition is “the gradual and full transition to a fossil-
fuel-free, low-carbon society”.
Digital green transition, defined as “a comprehensive societal 
transformation in which all sectors adopt relevant technologies 
that contribute to a low-carbon society”.
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turing industry. According to their research, completed infrastructure investments help to 
create an environmentally friendly development model; however, new infrastructure invest-
ments can also have a negative impact on the environment. 

A 2017 study conducted by Zhai and An (2020) in 500 Chinese enterprises found that 
“human capital, financing ability, technology innovation, and government behavior all ex-
erted significant positive impact on green transformation performance in the manufacturing 
industry”. On the other hand, environmental regulations are, according to the authors of this 
study, a factor that positively affects the scope of technological innovation but at the same 
time limits the speed of the entire process of green transformation.

Comparable results were obtained by Hou et al. (2018), who point out that if environ-
mental regulations exceed a critical level, their role in the CO2 transformation and CO2 
reduction is weakened, resulting in the inability to decarbonise. 

Martinez-Zarzoso, Bengochea-Morancho, and Morales-Lage (2019), who used data ob-
tained from 14 OECD countries to examine the impact of stringent environmental policies 
on national total factor productivity (TFP), have an opposite opinion. Their research reveals 
that stricter environmental regulations may promote cleaner production and accelerate green 
transformation. 

A different approach to this issue was taken by Declich, Quinti, and Signore (2020), who 
analysed the impact of non-economic factors related to the materials used during production 
on the course of green transformation in small and medium-sized enterprises.

A far more comprehensive study of the factors that affect the pace and course of green 
transformation is proposed by Rudneva, Pchelintseva, and Guryeva (2016). These authors 
divide the factors that affect the development of the region on the way of “greening” into 
eight groups: 

 – biological (i.e. nature of the landscape, soil and land cover, climate characteristics and 
biological resources),

 – industrial (i.e. industrial strategy, infrared parameters of production networks, hier-
archy in the management systems),

 – resource (i.e. fuel and energy resources, water, forest and labour resources),
 – investment and innovation (i.e. investment attractiveness, structure of the investment 
and degree of the innovation),

 – social environmental and economic (i.e. social service infrastructure, demographic 
situation, conditions and safety of work, environmentally friendly production and 
safety parameters), 

 – financial (i.e. availability of major enterprises, availability and effectiveness of major 
financial and credit institutions), 

 – structural (i.e. branch, territorial and social structure),
 – technological (i.e. knowledge-based production, labour resource structure).

The comprehensive literature research in this dimension can also be found in Zhang, 
Song, and Zou’s study (2020). These authors emphasise that “there is little research into the 
factors that influence green total factor productivity and this has become an obstacle in the 
transition to a greener economy”. Their study shows that factors that are most frequently 
analysed in various types of papers concerning green transformation include:
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 – economic factors: industrial structure (intra-industry competition), economic devel-
opment level (financial development), production factors (physical and human capi-
tal), market factors (degree of marketisation and market potential),

 – technical factors: technological progress (technological innovation), technological 
efficiency, 

 – government factors: environmental regulations (tools and policy), intellectual prop-
erty protection, infrastructure level (transport infrastructure), fiscal decentralisation 
(degree of pollution control).

These factors cannot, according to the authors of the aforementioned study, be analysed 
separately because each of them is in close relationship with others. 

Research by various international organisations is also a comprehensive source of infor-
mation regarding factors that may determine the current state and course of green transfor-
mation. Certainly, it would be useful to indicate the green growth indicators, which were 
published by the OECD and divided into four main groups that include environmental and 
resource productivity, natural asset base, environmental dimensions of quality of life, eco-
nomic opportunities and policy responses, as well as into an additional group of explanatory 
indicators; socio-economic context. The OECD publishes information on nearly 100 different 
green growth indicators.

An interesting example is also the indicators that are used for constructing the Green 
Growth Index (GGI) developed by The Global Green Growth Institute, which are divided 
into 4 groups such as efficient and sustainable resource, green economic opportunities, social 
inclusion and natural protection. In total, sixteen indicators make up this index. 

The Global Green Economy Index (GGEI) should also be noted. GGEI was launched 
in 2010 by Dual Citizen LLC and which is defined by twenty indicators within one of the 
four main dimensions such as leadership and climate change, efficiency sectors, markets and 
investment, the environment.

Almost all studies concerning determinants that are relevant to green transformation of 
the economy use quantitative techniques, including parametric and non-parametric meth-
ods. However, the use of non-parametric methods and methods of the multivariate statistical 
analysis is far more common, especially for the construction of synthetic indices (GGI and 
GGEI). For example, Männasoo, Hein, and Ruubel (2018) used the Solow residual method, 
control function method, stochastic frontier analysis (SFA) and non-parametric data envel-
opment analysis (DEA) to investigate the factors that affect green transformation. Feng and 
Chen (2018) also used DEA and the green growth (performance) index to analyse panel data 
from 165 countries to estimate green growth performance from a global perspective. 

The analysis also reveals that although there is some (fragmented) research on the factors 
that affect the achievement of green growth, most of it focuses primarily on examining the 
impact of single factors or possible groups of factors on the course of green transformation. 
Only a few papers also broaden the traditional view of economic growth by building models 
that take environmental problems and social determinants into account. Such proposals for 
green transformation models can be found, for example, in papers by Marsiglio and La Torre 
(2018), Privileggi and Marsiglio (2013). In fact, there are no comprehensive studies in the 
literature that analyse green transformation considering many different perspectives. 
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Due to the growing importance of environmental considerations for economic develop-
ment involving green transformation, this article aims to contribute to research in this di-
mension by analysing models of green transformation in EU countries. This article proposes 
to divide the factors of green transformation into several groups that include environmental, 
social and economic-technological determinants. It is also important for us to study specific 
natural determinants found in individual countries and the effects of human activity on 
green transformation. All these group will presented in the paper as internal factors of green 
transformation. 

To this end, the indicators published by the OECD for the study of green growth will be 
used later in this paper to describe green transformation models (based on internal factors) 
that are used by these countries. The OECD is currently one of the most comprehensive 
databases of this kind, which includes indicators in different spatial and temporal profiles. 
These factors will be compared in the study with socio-economic variables (external factors) 
which, according to the presented literature review, may determine the course of this process.

3. Research methodology 

3.1. Stages of the applied research procedure 

This paper uses a 3-step research process to identify green transformation models in EU 
countries, the successive steps of which are shown in Figure 1. In the first step, the identifica-
tion of factors that are used in the literature to study green transformation was intended to be 
conducted. The results of this stage of the study are presented in Chapter 2.1. The literature 
review reveals that increasingly diverse factors are currently being used in research on green 
transformation. Their scope is not limited to exploring the relationship between economic 
and environmental determinants. Numerous factors that describe the social situation in in-
dividual countries are also increasingly gaining in importance. 

In the next step, rankings were constructed for each of the identified groups of factors, 
showing how individual EU countries implement green transformation. The results obtained 
by the studied economies for each of the distinguished groups were analysed separately, and 
the relationships between the individual groups of factors were also considered. 

The relationships identified in this way were used for building green transformation heu-
ristic models of EU countries. The model developed in this way provides a tool for improving 
this process and enables the identification of recommendations for improvement in econo-
mies performing below the leaders in this dimension.

3.2. Statistical data

To achieve the research objectives stated in the introduction (objectives no. 2 and no. 3), 
statistical data concerning fifty-six (56) indicators were collected and divided into five di-
mensions. Four of them are related to the green economy in EU countries (internal factors 
of green transformation) and the fifth dimension describes the socio-economic situation in 
individual member states (external factors of green transformation). The choice of features 
was determined by the availability of data. Most of the information was obtained from 2019. 
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Only in a few cases, due to lack of data, earlier years were chosen. The study included 27 
countries plus the UK, which was part of the EU in 2019. Each of the analysed indicators 
(diagnostic features) was assigned the symbol Yi.j, where i stands for the number of the 
diemnsion where a feature is located, while j means the number of this feature. The impact of 
each of these features on the analysed phenomenon was also identified by classifying it into a 
set of indicators that stimulate development in a given dimension (symbol S) or destimulate 
(symbol D). The list of indicators used in this research, including a division into all identified 
diemensions, is presented in Tables 2–6. 

The state of green economy was monitored through indicators grouped into four thematic 
dimensions: natural asset base, environmental and resource productivity, environmental di-
mensions of quality of life, economic opportunities and policy responses. Given human activ-
ity, these indicators can be further divided into two groups. The first group includes indicators 
that describe the state of natural environment, i.e. the natural resources possessed (Table 2).  
These indicators point to the potential for increased risk of a declining natural resource 
base. The second group includes the other three green economy dimensions (Tables 3–6) 
and indicators whose value is determined by human activity and its interference with the 
natural environment. This interference results in activities that affect both nature and humans 
themselves. It should be noted that most indicators of green economy are destimulants, i.e. 
features that negatively affect the phenomenon under study. These features represent 65.2% 
of all the indicators adopted for the study, the majority of which can be found in dimensions 
such as environmental dimensions of quality of life (80% of features from this dimension) 
and natural asset base (69.2% of features from this dimension). The distributions of the in-
dicators adopted for the study will be described below.

The Natural asset base (dimension 1) indicators presented in Table 2 relate to three cat-
egories of diagnostic characteristics. In the first one, the share of the following selected ele-

Figure 1. Research procedure chart

 
Identification 
and selection 
of indicators

Stage 1

Construction 
of the taxonomic 
(synthetic) measures 
of development 
for each distinguished 
groups of indicators

Stage 2

Description of 
the green transition 
models

Stage 3

Identification of records 
through WoS database 
searching

The choice of the method 
of calculating taxonomic 
(synthetic) measures 
of development and 
the method of dividing 
the studied EU countries 
into typological classes

Applications of qualitative 
analysis to identification 
of the green transformation 
models based on the results 
of every analysed typological 
classes

Main purpose: Identification 
of indicators and its groups 
applied to description 
of green transitions process 

Main purpose: Identification 
of countries with similar 
green transition patterns 
in terms of individual groups 
of indicators 
(internal and external)

Main purpose: Qualitative 
description of the green 
transitions patterns identified 
for EU countries
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ments of the natural environment was considered, in total dimension: Natural and semi-
natural vegetated land, bare land, cropland, artificial surfaces, water. In the second category, 
attention was focused on the loss, gain and level of conversion of natural and semi-natural 
land to other elements of the natural environment. The third category concerns matters 
related to the built up dimension management processes. 

The diagnostic features that describe natural capital show the highest variation among 
all the dimensions studied. The coefficient of variation ranges from 25.10% (X1.12D – built 
up dimension per capita) to 244.34% (X1.2S – proportion of uncultivated dimensions in total 
dimension, %), with variation exceeding 50% for most features. A consequence of the high 
dispersion of features is also their high asymmetry. It should be noted that the dominant 
asymmetry is right-skewed, which means that the values of features for most of the EU coun-
tries are below the EU average, which is a negative situation for features that have a positive 
impact on the studied phenomenon and a positive situation for destimulants. 

Indicators characterising environmental and resource productivity (dimension II) were 
defined by four categories of diagnostic characteristics. The first takes into account CO2 
emissions from energy production and a country’s GDP. The second concerns energy inten-
sity, where TPES per capita and total primary energy supply are taken into consideration. 
The third category involves the contribution of renewable energy sources to TPES capacity 
building and electricity generation. The last one takes into account energy consumption in 
agriculture, industry and transport that was compared to the total energy consumption.  

Table 2. Natural asset base (dimension I)

Description Symbol
Descriptive statistics

x Vs (%) As

Natural and semi-natural vegetated land, % total X1.1S 50.50 36.96 –0.17
Bare land, % total X1.2S 1.18 244.34 3.58
Cropland, % total X1.3D 41.89 39.43 –0.50
Artificial surfaces, % total X1.4D 4.25 114.59 3.19
Water, % total X1.5S 2.18 114.82 2.17
Loss of natural and semi-natural vegetated land,  
% since 1992

X1.6D 4.74 77.75 3.58

Gain of natural and semi-natural vegetated land, % since 
1992

X1.7S 4.46 72.11 0.62

Conversion from natural and semi-natural land to cropland, 
% since 1992

X1.8D 3.24 58.83 0.79

Conversion from natural and semi-natural land to artificial 
surfaces, % since 1992

X1.9D 3.39 56.78 0.76

Conversion from natural and semi-natural land to artificial 
surfaces, % since 1992

X1.10D 3.17 78.15 1.30

Built up dimension, % total land X1.11D 4.45 110.26 2.41
Built up dimension per capita X1.12D 263.86 25.10 0.57
New built up dimension, % since 1990 X1.13D 33.38 31.74 0.73

Note: x  – mean, VS – coefficient of variation, As – asymmetry, S – stimulants and D – destimulants.
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The descriptive parameters determined for the individual indicators suggest that, in terms 
of environmental and resource productivity, there are also large disparities between the ana-
lysed countries (Table 3). This is indicated by high values of the coefficient of variation (Vs) 
and coefficient of asymmetry (As). The coefficient of variation ranges from 19.84% (X2.3S) 
to 131.78% (X2.6D); however, it exceeds 30% for most features. All indicators, excluding de-
mand-based CO2 productivity and GDP per unit of energy-related CO2 emissions (X2.3S), 
have high right-skewed asymmetry, which means that the indicators adopted for the study in 
this dimension are below the average for most countries. Certainly, this is a favourable situa-
tion for most features that are destimulants. The situation is different for features for which a 
higher level is demanded (stimulants) and a distribution with strong right-handed asymme-
try is unfavourable. These features include production-based CO2 productivity, GDP per unit 
of energy-related CO2 emissions (X2.1S); energy intensity, TPES per capita (X2.5S); renewable 
energy supply, % TPES (X2.7S) and renewable electricity, % total electricity generation (X2.8S).

Three categories of diagnostic characteristics were used to describe the dimension of 
the environmental dimensions of quality of life (dimension III). The first one is related to 
the exposure of the public to harmful factors. The second category takes into account the 
cost of healthcare related to the morbidity rate of the population, where the main cause of a 
disease was the impact of harmful factors. The third category, on the other hand, concerns 
the public’s access to clean water and good sanitation, the quality of which has a significant 
impact on the health of citizens. A total of 10 indicators qualified for the study, among which 
there were only two stimulants (Table 4). These both indicators (X3.9S and X3.10S) have low 
variation, 4.28% and 11.34% respectively, and strong right-skewed asymmetry. This means 
that for most EU countries, population with access to improved drinking water sources, 
% total population and population with access to improved sanitation, % total population 
represent values above the average for all member states. This is a positive situation from the 
perspective of the studied dimension. However, the distribution of percentage of population 
exposed to more than 10 micrograms/m3 (X3.2D) is unfavourable, which means that exposure 
to pollutants is above the average for most EU countries. 

The indicators given in Table 5 are related to economic opportunities and policy respons-
es (dimension IV). Three categories of diagnostic features were considered when describing 
this dimension. The first category concerns the level of development of environment-related 
technologies that translate in a positive way into sustainable transition processes. The second 
category takes into account the problem of the scale of taxes related to environmental, energy 
and transport matters. The last category concerns petrol and diesel prices. Five stimulants 
and seven destimulants were identified among them. Their level of variation is high and 
ranges from 16.50% (X4.8D – energy-related tax revenue, % total environmental tax revenue) 
to 222.57% (X4.3S – development of environment-related technologies, % inventions world-
wide). X4.3 S also has the highest asymmetry value (3.95), which shows a strong prevalence of 
EU countries with below average indicator values Only seven countries had indicator values 
above the average. The highest indicator value was observed in Germany (10.76), which was 
more than 1,000 times the average for the EU countries. A weak and moderate left-skewed 
asymmetry was found for four indicators that are destimulants (X4.6D – environmentally-
related taxes, % GDP; X4.7D – environmentally-related taxes, % total tax revenue; X4.8D – 
energy-related tax revenue, % total environmental tax revenue and X4.11D – diesel tax, USD 
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per litre). This means a negative situation from the prespective of the phenomenon under 
study (more countries with indicators above the average).

Information concerning individual dimensions of green economy is complemented by 
contextual indicators that provide data on the general socio-economic situation of EU coun-
tries (Table 6). 

Table 3. Environmental and resource productivity (dimension II)

Description Symbol
Descriptive statistics

x Vs (%) As
Production-based CO2 productivity, GDP per unit  
of energy-related CO2 emissions

X2.1S 7.48 37.05 1.28

Production-based CO2 intensity, energy-related CO2 per capita X2.2D 6.03 39.97 1.84
Demand-based CO2 productivity, GDP per unit  
of energy-related CO2 emissions

X2.3S 4.55 19.84 –0.16

Demand-based CO2 intensity, energy-related CO2 per capita X2.4D 7.61 35.62 1.01
Energy intensity, TPES per capita X2.5S 3.19 37.57 1.17
Total primary energy supply X2.6D 56.46 131.78 2.02
Renewable energy supply, % TPES X2.7S 17.66 58.52 1.08
Renewable electricity, % total electricity generation X2.8S 37.88 56.16 0.56
Energy consumption in agriculture, % total energy consumption X2.9D 2.65 50.98 1.15
Energy consumption in industry, % total energy consumption X2.10D 22.93 29.48 0.87
Energy consumption in transport, % total energy consumption X2.11D 30.94 26.70 0.90

Note: x  – mean, VS – coefficient of variation, As – asymmetry, S – stimulants and D – destimulants.

Table 4. Environmental dimensions of quality of life (dimension III)

Description Symbol
Descriptive statistics

x Vs (%) As
Mean population exposure to PM2.5 X3.1D 12.89 33.55 0.22
Percentage of population exposed to more than  
10 micrograms/m3

X3.2D 69.93 45.48 –1.17

Mortality from exposure to ambient PM2.5 X3.3D 401.66 68.15 1.31
Welfare costs of premature mortalities from exposure to ambient 
PM2.5, GDP equivalent

X3.4D 4.15 72.42 1.32

Mortality from exposure to lead X3.5D 25.06 62.97 0.55
Welfare costs of premature deaths from exposure to lead, GDP 
equivalent

X3.6D 0.25 64.70 0.61

Mortality from exposure to lead X3.7D 85.51 69.75 1.50
Welfare costs of premature deaths from exposure to lead, GDP 
equivalent

X3.8D 0.87 72.49 1.50

Population with access to improved drinking water sources,  
% total population

X3.9S 96.84 4.28 –2.07

Population with access to improved sanitation, % total population X3.10S 89.30 11.34 –1.62
Note: x  – mean, VS – coefficient of variation, As – asymmetry, S – stimulants and D – destimulants.
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Table 5. Economic opportunities and policy responses (dimension IV)

Description Symbol
Descriptive statistics

x Vs (%) As
Development of environment-related technologies,  
% all technologies

X4.1S 10.82 51.61 0.78

Relative advantage in environment-related technology X4.2S 1.19 51.72 0.80
Development of environment-related technologies,  
% inventions worldwide

X4.3S 0.94 222.57 3.95

Development of environment-related technologies, 
inventions per capita

X4.4S 13.49 116.23 1.79

Net ODA provided, % GNI X4.5S 0.33 82.39 1.33
Environmentally related taxes, % GDP X4.6D 2.47 33.08 –0.13
Environmentally related taxes, % total tax revenue X4.7D 6.87 32.64 –0.26
Energy related tax revenue, % total environmental tax 
revenue

X4.8D 75.03 16.50 –0.70

Road transport-related tax revenue, % total environmental 
tax revenue

X4.9D 22.82 74.52 1.53

Petrol end-user price, USD per litre X4.10D 2.14 21.52 0.25
Diesel tax, USD per litre X4.11D 0.67 20.27 –0.45
Diesel end-user price, USD per litre X4.12D 2.03 24.57 0.51

Note: x  – mean, VS – coefficient of variation, As – asymmetry, S – stimulants and D – destimulants.

Table 6. Socio-economic context

Description Symbol
Descriptive statistics

x Vs (%) As
Real GDP per capita, USD Dollar X5.1S 42697.57 41.43 2.21
Value added in industry % of total value added X5.2S 24.83 25.77 –0.12
Total fertility rate, children per woman X5.3S 1.57 10.57 –0.06
Life expectancy at birth X5.4S 80.39 3.20 –0.82
Population, ages 0–14, % total X5.5S 15.61 10.39 1.25
Population, ages 65 and above, % total X5.6S 19.51 11.72 –1.16
People at risk of poverty or social exclusion, % X5.7D 21.20 23.94 0.60
Severely materially deprived people, % X5.8D 6.08 75.31 1.75
People living in households with very low work intensity, 
percentage of total population aged less than 60

X5.9D 8.04 31.32 0.64

Population unable to keep home adequately warm by 
poverty status, %

X5.10D 8.09 93.81 1.68

Tertiary educational attainment by sex, from 25  
to 34 years, %

X5.11D 42.79 20.10 –0.07

Employment rate by sex, from 20 to 64 years, % of total 
population

X5.12S 74.61 6.69 –1.03

Purchasing power adjusted GDP per capita, % X5.13S 31867.86 40.49 2.32

Note: x  – mean, VS – coefficient of variation, As – asymmetry, S – stimulants and D – destimulants.
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The study included thirteen such indicators, while 8 indicators had a positive impact on 
the studied dimension (stimulants) and 5 had a negative impact (destimulants). In terms of 
indicators that are stimulants, both the highest variation and very high positive asymmetry 
apply to two features such as real GDP per capita, US dollar (X5.1S) and purchasing power 
adjusted GDP per capita, % (X5.13S). Therefore, for most EU countries, the economic situa-
tion in view of these indicators is below the average for all EU countries. The demographic 
situation regarding the percentage of children aged 0–14 years (X5.5S) and the labour market 
situation regarding the employment rate by sex (X5.12S) are also unfavourable. In terms of 
indicators that are destimulants, unfavourable values concern the indicator representing the 
proportion of people aged 65 and older in the total population. The strong left-skewed asym-
metry shows that a high proportion of this age group applies to most EU countries.

3.3. Research method

To study the relationships between analysed dimensions of green growth and contextual in-
dicators of green transformation, the taxonomic measure of development applying the Weber 
median vector was used. In the literature (Młodak, 2014; Adam & Kroupa, 2017; Szopik-
Depczyńska et al., 2018) one may indicate many examples of the application of this synthetic 
measure to calculate rankings comprising many various dimensions of the socio-economic 
development of the countries, regions or cities etc. The Weber median is presented in the 
literature as a multi-dimensional generalization of the classical notion of the median (Szopik-
Depczyńska et al., 2018). The median Weber vector is estimated on the basis of indicators by 
transforming destimulants into stimulants using the following formula: 
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The objects ranked according to the taxonomic measure are the basis for a division of 
objects (in this case: countries) into four classes. For this purpose the three medians method 
can be applied that involves indicating a median of vector coordinates 1 2( , ,..., )nm = m m m  , 
which is denoted med( )m . Based on this vector the population of countries is divided into 
two groups Wk: those, for which the measure values exceed the median (are higher than it – 

: classes A and B)W  and those, for which the measure values do not exceed the median (are 
equal or lower than it – 2 : classes C and D).W  On this basis, in the next step, the indirect 
medians are defined as: 

:
med ( ) med ( )

i k
k ii Γ ∈W
m = m , where k = 1, 2. This way the following classes 

of objects are created:
 – Class A: 1med ( )im > m ,
 – Class B: 1med( ) med ( )im < m ≤ m ,
 – Class C: 2med ( ) med( )im < m ≤ m ,
 – Class D: 2med ( )im ≤ m .

The first and the second classes include countries with higher level of development than 
countries assigned as classes three and four. 

4. Results

The indicators described in the previous section were used, in accordance with the described 
methodology of the study, to determine taxonomic measures of development. Synthetic mea-
sures were determined separately for each of the four analysed dimensions of green growth. 
On their basis, the EU countries under study were ordered according to the decreasing values 
of individual synthetic measures (formula 3) and they were classified (divided into typologi-
cal classes) based on a similar level of development. The synthetic results of the ordering and 
classification of EU countries are presented in Table 7. 

The positions taken by individual EU countries in all dimensions of green growth vary 
considerably. The selected descriptive characteristics (Table 8), estimated for the synthetic 
measures of development, estimated on the basis of the diagnostic characteristics adopted 
for the study, also point to the same conclusion. The largest variation could be observed in 
the first dimension of green growth concerning the countries’ natural resources (Vs = 27.290) 
and the smallest in the second dimension involving environmental and resource productivity 
indicators (Vs = 19.665). Consideration should also be given to the strength and sign of the 
asymmetry coefficients. Left-skewed asymmetry was identified in the first and third dimen-
sion of green growth (respectively: natural asset base and environmental dimension of quality 
of life). In both cases the asymmetry is very strong, meaning that in 2019, a greater number 
of countries achieved values of the taxonomic measures above the mean. The opposite situ-
ation can be observed for the second dimension (environmental and resource productivity) 
and the fourth dimension (economic opportunities and policy responses), with the strength 
of this asymmetry also being high. This means that for these dimensions the values of the 
synthetic measures were below mean for most EU countries.
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Table 7. Comparison of the results of the ordering of EU countries in 2019

Country
Dimension I Dimension II Dimension III Dimension IV

mi rank mi rank mi rank mi rank

Austria 0.716 8 0.663 8 0.843 8 0.561 7
Belgium 0.191 27 0.557 16 0.788 12 0.592 3
Bulgaria 0.815 4 0.471 25 0.264 28 0.527 12
Croatia 0.579 21 0.755 6 0.527 26 0.272 28
Cyprus 0.666 13 0.423 28 0.704 19 0.557 9
Czechia 0.671 11 0.525 22 0.760 15 0.376 26
Denmark 0.650 18 0.632 10 0.833 9 0.716 2
Estonia 0.687 10 0.502 24 0.960 3 0.571 6
Finland 0.882 2 0.631 11 0.998 1 0.495 15
France 0.482 26 0.529 21 0.826 11 0.447 22
Germany 0.517 24 0.551 17 0.830 10 0.560 8
Greece 0.754 6 0.502 23 0.606 25 0.477 18
Hungary 0.704 9 0.626 12 0.613 24 0.547 11
Ireland 0.917 1 0.601 14 0.937 4 0.553 10
Italy 0.663 14 0.603 13 0.650 22 0.577 5
Latvia 0.655 16 0.708 7 0.700 20 0.482 17
Lithuania 0.744 7 0.800 4 0.765 14 0.591 4
Luxembourg 0.526 23 0.808 3 0.921 6 0.462 19
Malta 0.100 28 0.839 2 0.719 18 0.890 1
Netherlands 0.544 22 0.542 19 0.872 7 0.390 25
Poland 0.760 5 0.459 27 0.646 23 0.457 20
Portugal 0.498 25 0.543 18 0.758 16 0.484 16
Romania 0.640 19 0.647 9 0.431 27 0.518 13
Slovak Republic 0.603 20 0.768 5 0.682 21 0.448 21
Slovenia 0.660 15 0.470 26 0.772 13 0.282 27
Spain 0.666 12 0.530 20 0.758 17 0.407 24
Sweden 0.843 3 0.847 1 0.970 2 0.498 14
United Kingdom 0.654 17 0.563 15 0.924 5 0.411 23

Table 8. Descriptive characteristics of the taxonomic measures in the dimensions of green economy 
and in 2019

Summary statistics of synthetic  
measure mi

Dimension I Dimension II Dimension III Dimension IV

Mean value 0.635 0.610 0.752 0.505
Coefficient of variation (Vs, %) 27.290 19.665 21.795 23.541
Minimum 0.100 0.423 0.264 0.272
Maximum 0.917 0.847 0.998 0.890
Asymmetry –1.397 0.585 –0.989 0.876
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The best situation, considering the results obtained in all analysed dimensions of green 
growth, was observed in Sweden, which ranked 3rd in the first three dimensions. The coun-
try’s situation was worse in terms of the fourth dimension concerning policies and their 
consequences (rank 14th). This is mainly due to high values of indicators that have a nega-
tive impact on this dimension (destimulants), such as: X4.7D (environmentally related taxes, 
% total tax revenue), X4.10D (petrol end-user price, USD per litre), X4.12D (diesel tax, USD 
per litre). 

Finland also ranked high in the constructed rankings, coming top twice, i.e. for the first 
and third dimension of green growth. Such a high rank for the first dimension resulted 
from the lowest values, among the EU countries, of the characteristics affecting it negatively, 
such as X1.4D (artificial surfaces, % total) and X1.10D (conversion from cropland to artificial 
surfaces, % since 1992), as well as the highest value of the indicator stimulating the develop-
ment of the EU countries – X1.5S (water, % total), among others. For the third dimension, 
Finland had the lowest values for the following indicators among the member countries: 
X3.1D (mean population exposure to PM2.5) and X3.7D (mortality from exposure to lead) and 
the highest value for the X3.10S indicator (population with access to improved sanitation, % 
total population).

It is worth noting that, apart from Sweden and Finland, no country was identified as be-
ing in the top three for more than one dimension of green growth. 

Observing the positions of the countries at the bottom of the rankings also reveals no 
countries that are the weakest in terms of several different dimensions of green growth. Slove-
nia and Croatia are the exceptions. The former was ranked 26th for dimension two and 27th 
for dimension four. The vast majority of indicators for these dimensions had unfavourable 
values from the point of view of the examined phenomena, i.e. low values for characteristics 
that are stimulants and high values for destimulants. Croatia was in a similar situation, rank-
ing 26th for dimension three and last for dimension four. 

In the literature (see Hu et al., 2021) as well as in earlier studies by the authors of this 
paper (see: Cheba & Bąk, 2021), geographical proximity of individual countries is identified 
among the factors that may affect the performance of EU countries in terms of the various 
analysed dimensions. This kind of influence can also be observed for some of the results 
obtained in this study. Table 9 presents the division of EU countries into typological classes 
that takes into account their geographical distribution in different parts of Europe (the divi-
sion of Europe proposed by the World Bank was used). 

Geographical proximity and, related to it, cultural proximity are particularly evident in 
the results obtained by most countries located in Western Europe. This applies especially to 
the first analysed dimension – the natural asset base. The results obtained by five out of the 
six countries from this part of Europe influenced their classification into Typological Class IV. 

Similarity of results can also be observed for some countries located in Eastern Europe. 
This applies primarily to the third analysed dimension – environmental dimensions of quality 
of life – in the case of which the countries were classified into classes III and IV (i.e. classes 
in which synthetic measures were below average). In contrast, their results for the second 
dimension – environmental and resource productivity – are much more varied. Bulgaria, 
Czechia and Poland were classified in this dimension into the fourth typological class and the 
remaining countries into the first (Slovak Republic) or second (Romania and Hungary) class.  
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Similar differences can also be observed in relation to other countries in the south or north 
of Europe. 

The literature (see: Cheba et al., 2020) also emphasises that southern European countries 
are currently still more strongly affected than e.g. eastern European countries by the eco-
nomic downturn of 2007–2008. The result is less activity in the dimension of environmental 

Table 9. The results of division of EU countries into typological classes

Country Dimension I Dimension II Dimension III Dimension IV

Northern Europe

Denmark C B B A
Estonia B D A A
Finland A B A C
Ireland A B A B
Latvia C A C C
Lithuania B A B A
Sweden A A A B
United Kingdom C C A D

Western Europe

Austria B B B A
Belgium D C B A
France D C B D
Luxembourg D A A C
Netherlands D C A D
Germany D C B B

Southern Europe

Croatia C A D D
Cyprus B D C B
Greece A D D C
Italy B B D A
Malta D A C A
Slovenia C D B D
Spain B C C D
Portugal D C C C

Eastern Europe

Bulgaria A D D B
Czechia B D C D
Poland A D D C
Romania C B D B
Slovak Republic C A C C
Hungary B B D B
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quality of life and slower economic and technological development. Symptoms of this type 
of response to the economic crisis are also evident in the described results. The results of 
Greece, Spain and Portugal are particularly worth noting here. These countries, apart from 
the indicators related to natural resources, were classified into class three or four. The results 
of countries from this part of Europe are most often similar to those of Eastern European 
countries, which joined the EU much later and have had less time to catch up with the more 
developed countries from other parts of Europe. 

The results of the selected countries that ranked highest and lowest are shown in Figure 1.  
Sweden with the highest scores in the first three dimensions and Belgium with by far the 
highest score in the last dimension were selected for comparison (Figure 2).

The very diverse results of the EU countries observed so far confirm that there is a need, 
already mentioned at the beginning of this paper, for identifying factors that may have an 
impact on the results of the ordering of the countries and their classification in an analysed 
dimension. For this purpose, in accordance with the methodology described for this study, 
13 indicators that may determine the performance of EU countries were identified based on 
a literature review. Some of them are also used by the OECD, as contextual indicators, when 
analysing the changes taking place in the dimension of green growth. They can be divided 
into two groups that include indicators describing the economic development of individual 
EU countries (X5.1S, X5.2S, X5.3S) and social development indicators (X5.4S – X5.13S). The next 
step of the research involved determining whether relationships between contextual indica-
tors and dimensions of green growth could be observed. For this purpose, the relationships 
between the synthetic measures determined for each dimension of green growth and all the 
contextual indicators adopted for this study were examined using the Pearson linear correla-
tion coefficient (Table 10). The table shows the highest correlation coefficient scores.

The presented information shows that high correlation coefficient scores are mostly found 
between part of the analysed contextual indicators and dimension three: environmental di-
mensions of quality of life. High correlation coefficient scores include, for example: X5.1S – 
real GDP per capita (USD dolar): 0.615. This means that for some EU countries, as GDP per 
capita increases, so does the value of the synthetic measure determined for dimension three. 
This relationship is also presented in Figure 3. 

The highest but negative correlation coefficient score was identified for indicator X5.8D – 
people at risk of poverty or social exclusion: –0.825, which means that as the value of this 
indicator increases, an average decrease in the synthetic measure is observed. Poverty is 
therefore one of the factors that have a strong negative impact on the value of the synthetic 
measure in the dimension of environmental dimensions of quality of life. This is also sup-
ported by the slightly lower, but also negative, correlation coefficient values for: X5.10D – 
percentage of people living in households with very low work intensity in total population 
aged less than 60 (–0.592). In turn, relatively strong positive correlations were identified for: 
X5.12S – tertiary educational attainment by sex, from 25 to 34 years and X5.13S – employment 
rate (from 20 to 64 years, % of total population). This confirms the regularities observed also 
by Hallegate et al. (2012), which show that as the level of education and affluence increases, 
actions for the improvement of the quality of life in terms of environmental protection are 
taken more frequently, as evidenced by contemporary world problems, important for people’s 
lives, but still viewed as optional. 
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Figure 2. Results of Belgium and Sweden

Figure 3. The correlation coefficients between synthetic measure estimated for the third dimension 
and real GDP per capita (X5.1S) for Belgium and Sweden
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Table 10. Pearson r correlation coefficients determined for dimensions of green growth and contextual 
indicators 

Contextual indicators Dimension I Dimension II Dimension III Dimension IV

X5.1S –0.067 0.326 0.615 0.126
X5.2S 0.487 –0.102 –0.056 –0.233
X5.3S 0.061 0.165 0.345 0.035
X5.4S –0.219 –0.095 0.585 0.054
X5.5S 0.209 0.017 0.476 –0.011
X5.6S –0.083 –0.055 –0.183 0.042
X5.7D 0.147 –0.028 –0.586 0.098
X5.8D 0.227 –0.174 –0.825 0.023
X5.9D 0.171 –0.065 0.095 –0.005
X5.10D 0.125 –0.139 –0.592 0.138
X5.11D 0.048 0.047 –0.568 0.024
X5.12S 0.069 0.114 0.457 0.175
X5.13S –0.063 0.272 0.608 0.113

5. Discussion 

Green transition has become a new motto in contemporary discussions on sustainable de-
velopment. It is gaining popularity in political debates on global environmental changes. 
However, it still arouses much controversy and ambiguity due to its complexity and multi-
dimensionality. The growing importance of this type of transition is observed both in highly 
developed and developing countries. 

Despite a growing number of publications on green transition (Crespi et al., 2016; Patter-
son et al., 2017; Fazey et al., 2018), research on how it is conceptualised and operationalised 
remains relatively scarce (Feola, 2015). Published papers differ both in the way the term 
is defined and in the scope of proposed changes that should be implemented in different 
regions of the world (Bennett et al., 2019). Hence, research in this regard is crucial both for 
the further development of scientific literature and for the empirical studies on the course 
of green transition, particularly in terms of the factors affecting it. This article contributes to 
filling this research gap by indicating the critical determinants of the green transition process 
and characterising its current status in European Union countries.

The literature review (Feola, 2015; Godlewska & Sidorczuk-Pietraszko, 2019) indicates 
that a transition is most often defined very broadly  – as fundamental restructuring both 
in specific sectoral systems like energy, food, and municipal systems as well as in social, 
economic, and political systems. Difficulties in defining a general model of this process are 
not without impact on the application value of the research conducted. Methodological chal-
lenges also relate to the statistical method of measurement, with a particular focus on the 
regional or local context. 

Numerous organisations, national and international alike, have already proposed vari-
ous indicator sets that can be used in research on the course of the green transition. The 



460 K. Cheba et al. Conditions of the green transformation. The case of the European Union

best known and most commonly used indicator set is that developed by the OECD (2011), 
focusing on the study of the relationship between the economy and the environment and 
taking into account the social aspects directly related to both. The main dimensions covered 
by the indicators include the environmental and resource productivity, natural resources, 
environmental dimension of quality of life, economic opportunities and policy responses, as 
well as socio-economic context. 

According to United Nations Environment Programme [UNEP] (2017), the optimal ap-
proach to measuring changes in the green transition is to use both an aggregate (compre-
hensive) indicator and an array of specific indicators. A summary index gives an opportunity 
for a synthetic view of the development of EU countries based on particular dimensions but 
comprised as a whole. The main purpose of the analysis provided based on the results ob-
tained in the particular dimensions is complementary information and helps to better under-
stand inter-regional differences (between countries, cities, etc.). It allows also us to compare 
the differences between them over time. This study also uses such an approach. Apart from 
the indicators normally used in green transition analyses, the research conducted takes into 
account an extensive set of the so-called contextual indicators, which may determine the 
course of the transition process. It must be noted here that the literature (Bennett et al., 2019) 
has long stressed that the state of the environment is determined by many factors, including 
social and economic ones. Therefore, progress in greening the economy should be made 
while taking into account the socio-economic circumstances of specific countries (Ocampo, 
2011; Samans, 2013). Hence, it is necessary to analyse the relationship between individual 
dimensions linked to the green transition and macroeconomic condition indicators (e.g. 
GDP, employment rate), as well as social indicators (education, poverty, life expectancy). 
This approach, which was also used by the authors of this paper, broadens the scope of the 
analyses conducted and prompts the search for a universal green transition model. 

This paper uses multidimensional comparative analysis methods to identify factors de-
termining the course of the green transition process. Indicator sets characterising selected 
dimensions of the green transition process that were deemed important were used to classify 
EU countries. It was also assumed that the multidimensional comparative analysis should 
follow two lines of research. The first line of research was to cover the changes occurring in 
the course of the green transition process in individual EU countries, while the second was 
to cover the socio-economic aspects that may condition its course.

The use of statistical analyses in the study of green transition is quite common in sci-
entific research; however, it typically applies to the construction of a synthetic variable for 
individual dimensions describing this process or all dimensions together. The authors of this 
study go beyond such a scheme of research and also search for relations occurring between 
the dimensions vital to the green transition process and the features characterising the socio-
economic situation of the EU Member States. This makes it possible to indicate the extent 
to which the structures of “green” transitions differ depending on the environment in which 
they take place. 

The interpretation of the results obtained is by no means a simple and unambiguous pro-
cess. The literature (see: Szopik-Depczyńska et al., 2018) emphasises that the leaders in terms 
of sustainable development indicators, green economy or green growth are the Scandinavian 
countries (Denmark, Norway and Sweden), or in a broader sense, the Nordic countries (in-
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cluding Finland), which have managed to permanently separate economic growth from the 
negative environmental impact of human activity. Such opinions are only partly confirmed 
by the research results presented in the article. In particular, it is worth noting that the per-
formance of three of the Nordic countries which are also members of the EU (apart from 
Norway) varies considerably. The leader in the case of the first three dimensions analysed, 
i.e. dimension I – natural asset base, dimension II – environmental and resource productivity 
and dimension III – environmental dimensions of quality of life, is Sweden, which ranked 
third, first and second, respectively. On the other hand, its performance is much lower in 
the fourth dimension, covering indicators from economic opportunities and policy responses 
group (14th place). Denmark performed much better in this dimension and ranked second. 
Finland, on the other hand, ranked highly in dimensions one and three (second and first 
place, respectively) and much lower in terms of dimensions two and four (11th and 15th 
place, respectively). This may indicate that Finland’s natural resources are, for example, rela-
tively less transformed compared to other countries, which also results in a higher level of 
environmental quality of life. Its poorer performance in the second and fourth dimensions, 
which are directly linked to human activity and include indicators relating to e.g. energy 
consumption in transport, manufacturing and agriculture, and indicators describing the level 
of maturity of green technologies, indicate that there are countries in the EU which are more 
oriented towards the development of green technologies. 

In comparison, Malta’s results are quite puzzling; this particularly applies to dimension 
IV in which Malta is the leader, followed by Denmark and Belgium. The high performance 
of these three countries is the result of the following:

 – high values of such indicators as: X4.1S – development of environment-related tech-
nologies (% all technologies) and X4.2S – relative advantage in environment-related 
technology (ratio),

 – and very low values of indicators considered to be destimulants, i.e X4.6 D environ-
mentally related taxes (% GDP) and X4.7D – environmentally related taxes (% total 
tax revenue).

Despite the use of diagnostic features in the form of intensity indicators in the survey, 
Malta’s results should not be taken as a reference (benchmark) for other, much larger EU 
countries. Although Malta’s performance in terms of indicators such as X4.1S and X4.2S is the 
highest among EU countries (26.67% and 2.95 respectively), its score for X4.3S – development 
of environment-related technologies (% inventions worldwide) is among the lowest at 0.02%. 
In this case, the top spot is held by Germany with a score of 10.76%. In the case of the next 
two indicators significantly affecting the ranking results in this dimension, it must be noted 
that individual EU countries perceive environmental taxes differently. In most of them, the 
“polluter pays” principle applies. The tax amount is therefore strongly linked to such things 
as the volume of pollutant emissions from environmentally burdensome production facilities. 
While large production facilities in Scandinavian countries also pay higher taxes, these are 
treated as a solidarity-based contribution to the state budget for environmental protection. 
As such, they are not always directly proportional to the amount of pollution emitted. 

In terms of the fourth dimension analysed, a point of reference for Sweden and Fin-
land – apart from Denmark – may also be the results of Germany, France and Great Britain, 
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which are also leading innovators, including in green technologies. Yet the analysis shows 
that of these three, only Germany ranks among the top ten most developed countries in this 
dimension. The results obtained by France (ranked 22nd) and the UK (ranked 23rd) are sig-
nificantly lower. The main reason is the heavy environmental taxes and the relatively average 
performance in terms of environmental technologies. 

The literature (see: Blythe et  al., 2017) emphasises that along with economic growth 
comes an increase in negative human-induced environmental pressure. Only upon reaching 
a certain level of such growth does the interest in environmental issues begin to increase. 
A similar type of relationship can be expected to occur in the case of indicators describing 
the social determinants of development (Duran et al., 2015). As stated by (Cobbinah et al., 
2015), poverty-stricken and less educated populations may also be less active in the dimen-
sion of environmental protection activities. In no way does this automatically translate into 
inferior results in terms of indicators concerning things like the volume of harmful emis-
sions or general pollution, as these are also the result of economic growth. It is difficult to 
estimate the degree of variation and number of relationships that may occur between con-
textual indicators and indicators that directly describe the level of development in terms of 
green growth. The literature examines such relationships in various contexts. Research on 
the way external conditions affect the attained level of green transition was conducted by 
such scholars as Horberry et al. (2006). On the other hand, Schot and Geels (2008) described 
the social impact of the energy transition. Among the recent frequent considerations in this 
dimension, it is also worth mentioning the proposals to involve various stakeholders in the 
green transition process, as in the paper of Borel‐Saladin and Turok (2013).

Conclusions

Green transition is a long-term process. Many EU countries are still in a phase of devel-
opment, meeting consumer needs and industrialisation, which requires the use of natural 
resources and energy. This transition is impossible without the commitment of individual 
countries, hence the importance of analysing indicators related to the green economy and its 
links to the current socio-economic situation of EU countries, as done in this study.

The empirical results obtained and findings on the green economy may help identify criti-
cal conclusions concerning the rules and ways of the measurement of the green transforma-
tion, the comparison of the level and direction of this transformation and the identification 
of the condition of this process. The information thus obtained can provide valuable guid-
ance for taking concrete practical steps useful during the transform national economies into 
modern and competitive systems with minimal as possible environmental impact. 

It is also worth noting that the research conducted has its limitations. The first limita-
tion concerns the indicators selected for the study, which must be based on information 
published in recognised databases. This is for reasons of data availability, a critical factor in 
international comparisons. To that end, this paper uses indicators developed by the OECD 
and Eurostat. The second major limitation  – one strongly related to data availability  – is 
the static approach used in the paper, which does not make it possible to track changes in 
the course of the green transition process. A potential solution to this problem could be to 
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study the differences between the status of the green transition process, e.g. in two available 
time units. The authors are considering using such an approach as part of the next stage of 
their research. In the context of future research in this dimension, it is also vital to look for 
new factors that may influence the course of the green transition process and to combine 
quantitative desk research with qualitative research conducted among the main stakeholders 
of this process – the residents, entrepreneurs and public institutions. Such an approach is 
also increasingly often identified as an important complement to research in this dimension.

Author contributions 

Conceptualization: K.Ch., I.B. methodology: K.Ch., I.B.; software: K.Ch., I.B., M.P.; valida-
tion: K.Ch. I.B., M.P.; formal analysis: K.Ch., I.B., M.P.; investigation: K.Ch., I.B., M.P.; re-
sources: K.Ch., I.B., M.P.; data curation: K.Ch., I.B., M.P.; writing original draft preparation: 
K.Ch., I.B., M.P.; writing review and editing: K.Ch., I.B.,M.P.; visualization: K.Ch., I.B., M.P.; 
supervision: K.Ch., I.B.; project administration: K.Ch., I.B., M.P.; funding acquisition: K.Ch., 
I.B., M.P.

Disclosure statement 

Authors don’t have any competing financial, professional, or personal interests from other 
parties.

References

Adam, L., & Kroupa, T. (2017). The intermediate set and limiting superdifferential for coalitional games: 
Between the core and the Weber set. International Journal of Game Theory, 46(4), 891–918. 
https://doi.org/10.1007/s00182-016-0557-3

Amundsen, H., & Hermansen, E. A. (2021). Green transformation is a boundary object: An analysis of 
conceptualisation of transformation in Norwegian primary industries. Environment and Planning 
E: Nature and Space, 4(3), 864–885. https://doi.org/10.1177/2514848620934337

Barbier, E. B. (2020). Greening the post-pandemic recovery in the G20. Environmental and Resource 
Economics, 76(4), 685–703. https://doi.org/10.1007/s10640-020-00437-w 

Barbier, E. B., Markandya, A., & Pearce, D. W. (1990). Environmental sustainability and cost-benefit 
analysis. Environment and Planning A, 22(9), 1259–1266. https://doi.org/10.1068/a221259

Bennett,  N.  J., Blythe,  J., Cisneros-Montemayor,  A.  M., Singh,  G.  G., & Sumaila,  U.  R. (2019). Just 
transformations to sustainability. Sustainability, 11(14), 3881. https://doi.org/10.3390/su11143881

Blythe, J., Cohen, P., Abernethy, K., & Evans, L. (2017). Navigating the transformation to community-
based resource management. In D. Armitage, A. Charles, & F. Berkes (Eds.), Governing the coastal 
commons: Communities, resilience, and transformation (pp. 141–156). Routledge. 
https://doi.org/10.4324/9781315688480-8

Borel‐Saladin, J. M., & Turok, I. N. (2013). The green economy: Incremental change or transformation? 
Environmental Policy and Governance, 23(4), 209–220. https://doi.org/10.1002/eet.1614

Bowen, A., & Hepburn, C. (2014). Green growth: An assessment. Oxford Review of Economic Policy, 
30(3), 407–422. https://doi.org/10.1093/oxrep/gru029

https://doi.org/10.1007/s00182-016-0557-3
https://doi.org/10.1177/2514848620934337
https://doi.org/10.1007/s10640-020-00437-w
https://doi.org/10.1068%2Fa221259
https://doi.org/10.3390/su11143881
https://doi.org/10.4324/9781315688480-8
https://doi.org/10.1002/eet.1614
https://doi.org/10.1093/oxrep/gru029


464 K. Cheba et al. Conditions of the green transformation. The case of the European Union

Brown, D., & McGranahan, G. (2016). The urban informal economy, local inclusion and achieving a 
global green transformation. Habitat International, 53, 97–105. 
https://doi.org/10.1016/j.habitatint.2015.11.002

Cheba, K., & Bąk, I. (2021). Environmental production efficiency in the European Union countries as 
a tool for the implementation of Goal 7 of the 2030 Agenda. Energies, 14(15), 4593. 
https://doi.org/10.3390/en14154593

Cheba, K., Bąk, I., & Szopik-Depczyńska, K. (2020). Sustainable competitiveness as a new economic 
category – definition and measurement assessment. Technological and Economic Development of 
Economy, 26(6), 1399–1421. https://doi.org/10.3846/tede.2020.13528 

Chen, Y., & Lin, B. (2021). Towards the environmentally friendly manufacturing industry – the role of 
infrastructure. Journal of Cleaner Production, 326, 129387. 
https://doi.org/10.1016/j.jclepro.2021.129387

Cobbinah, P. B., Erdiaw-Kwasie, M. O., & Amoateng, P. (2015). Rethinking sustainable development 
within the framework of poverty and urbanisation in developing countries. Environmental Develop-
ment, 13, 18–32. https://doi.org/10.1016/j.envdev.2014.11.001

Crespi, F., Mazzanti, M., & Managi, S. (2016). Green growth, eco-innovation and sustainable transitions. 
Environmental Economics and Policy Studies, 18(2), 137–141. 
https://doi.org/10.1007/s10018-016-0141-x 

Cui, H., & Lui, Z. (2021). Spatial-temporal pattern and influencing factors of the urban green devel-
opment efficiency in Jing-Jin-Ji region of China. Polish Journal of Environmental Studies, 30(2), 
1079–1093. https://doi.org/10.15244/pjoes/124758 

Declich, A., Quinti, G., & Signore, P. (2020). SME’s, energy efficiency, innovation: A reflection on ma-
terials and energy transition emerging from a research on SMEs and the practice of Energy Audit. 
Matériaux & Techniques, 108(5–6), 505. https://doi.org/10.1051/mattech/2020036

Duarte, S., & Cruz‐Machado, V. (2013). Modelling lean and green: A review from business models. 
International Journal of Lean Six Sigma, 4(3), 228–250. https://doi.org/10.1108/IJLSS-05-2013-0030

Duran, D. C., Gogan, L. M., Artene, A., & Duran, V. (2015). The components of sustainable develop-
ment – a possible approach. Procedia Economics and Finance, 26, 806–811. 
https://doi.org/10.1016/S2212-5671(15)00849-7

Fazey,  I., Moug, P., Allen, S., Beckmann, K., Blackwood, D., Bonaventura, M., & Wolstenholme, R. 
(2018). Transformation in a changing climate: A research agenda. Climate and Development, 10(3), 
197–217. https://doi.org/10.1080/17565529.2017.1301864

Feng, Z., & Chen, W. (2018). Environmental regulation, green innovation, and industrial green develop-
ment: An empirical analysis based on the Spatial Durbin model. Sustainability, 10(1), 223. 
https://doi.org/10.3390/su10010223

Feola,  G. (2015). Societal transformation in response to global environmental change: A review of 
emerging concepts. Ambio, 44(5), 376–390. https://doi.org/10.1007/s13280-014-0582-z

Gea-Bermúdez,  J., Jensen, I. G., Münster, M., Koivisto, M., Kirkerud,  J. G., Chen, Y. K., & Ravn, H. 
(2021). The role of sector coupling in the green transition: A least-cost energy system development 
in Northern-central Europe towards 2050. Applied Energy, 289, 116685. 
https://doi.org/10.1016/j.apenergy.2021.116685

Georgeson, L., Maslin, M., & Poessinouw, M. (2017). The global green economy: A review of concepts, 
definitions, measurement methodologies and their interactions. Geo: Geography and Environment, 
4(1), e00036. https://doi.org/10.1002/geo2.36

Gibbs, D., & O’Neill, K. (2015). Building a green economy? Sustainability transitions in the UK building 
sector. Geoforum, 59, 133–141. https://doi.org/10.1016/j.geoforum.2014.12.004

https://doi.org/10.1016/j.habitatint.2015.11.002
https://doi.org/10.3390/en14154593
https://doi.org/10.3846/tede.2020.13528
https://doi.org/10.1016/j.jclepro.2021.129387
https://doi.org/10.1016/j.envdev.2014.11.001
https://doi.org/10.1007/s10018-016-0141-x
https://doi.org/10.15244/pjoes/124758
https://doi.org/10.1051/mattech/2020036
https://doi.org/10.1108/IJLSS-05-2013-0030
https://doi.org/10.1016/S2212-5671(15)00849-7
https://doi.org/10.1080/17565529.2017.1301864
https://doi.org/10.3390/su10010223
https://doi.org/10.1007/s13280-014-0582-z
https://doi.org/10.1016/j.apenergy.2021.116685
https://doi.org/10.1002/geo2.36
https://doi.org/10.1016/j.geoforum.2014.12.004


Technological and Economic Development of Economy, 2023, 29(2): 438–467 465

Godlewska,  J., & Sidorczuk-Pietraszko,  E. (2019). Taxonomic assessment of transition to the green 
economy in Polish regions. Sustainability, 11(18), 5098. https://doi.org/10.3390/su11185098

Guo, L. l., Qu, Y., & Tseng, M. L. (2017). The interaction effects of environmental regulation and tech-
nological innovation on regional green growth performance. Journal of Cleaner Production, 162, 
894–902. https://doi.org/10.1016/j.jclepro.2017.05.210

Hallegatte, S., Heal, G., Fay, M., & Treguer, D. (2012). From growth to green growth – a framework 
(Working Paper No. 17841). National Bureau of Economic Research. 
https://doi.org/10.3386/w17841

Hallegatte, S., & Rozenberg, J. (2017). Climate change through a poverty lens. Nature Climate Change, 
7(4), 250–256. https://doi.org/10.1038/nclimate3253 

Hermwille, L., Obergassel, W., & Arens, C. (2015). The transformative potential of emissions trading. 
Carbon Management, 6(5–6), 261–272. https://doi.org/10.1080/17583004.2016.1151552

Horberry, T., Anderson, J., Regan, M. A., Triggs, T. J., & Brown, J. (2006). Driver distraction: The effects 
of concurrent in-vehicle tasks, road environment complexity and age on driving performance. Ac-
cident Analysis & Prevention, 38(1), 185–191. https://doi.org/10.1016/j.aap.2005.09.007

Hou, J., Teo, T. S., Zhou, F., Lim, M. K., & Chen, H. (2018). Does industrial green transformation suc-
cessfully facilitate a decrease in carbon intensity in China? An environmental regulation perspec-
tive. Journal of Cleaner Production, 184, 1060–1071. https://doi.org/10.1016/j.jclepro.2018.02.311 

Hu, C., Mao, J., Tian, M., Wei, Y., Guo, L., & Wang, Z. (2021). Distance matters: Investigating how geo-
graphic proximity to ENGOs triggers green innovation of heavy-polluting firms in China. Journal 
of Environmental Management, 279, 111542. https://doi.org/10.1016/j.jenvman.2020.111542

Jacobs, M. (2012). Green growth: Economic theory and political discourse (Centre for Climate Change 
Economics and Policy, Working Paper No. 108; Grantham Research Institute on Climate Change 
and the Environment, Working Paper No. 92). 

Kemp, R., & Never, B. (2017). Green transition, industrial policy, and economic development. Oxford 
Review of Economic Policy, 33(1), 66–84. https://doi.org/10.1093/oxrep/grw037

Keeys, L. A., & Huemann, M. (2017). Project benefits co-creation: Shaping sustainable development 
benefits. International Journal of Project Management, 35(6), 1196–1212. 
https://doi.org/10.1016/j.ijproman.2017.02.008

Männasoo, K., Hein, H., & Ruubel, R. (2018). The contributions of human capital, R&D spending and 
convergence to total factor productivity growth. Regional Studies, 52(12), 1598–1611. 
https://doi.org/10.1080/00343404.2018.1445848

Marsiglio, S., & La Torre, D. (2018). Economic growth and abatement activities in a stochastic environ-
ment: A multi-objective approach. Annals of Operations Research, 267(1), 321–334. 
https://doi.org/10.1007/s10479-016-2357-3

Martínez-Zarzoso, I., Bengochea-Morancho, A., & Morales-Lage, R. (2019). Does environmental policy 
stringency foster innovation and productivity in OECD countries? Energy Policy, 134, 110982. 
https://doi.org/10.1016/j.enpol.2019.110982 

Melnyk, T., Reznikova, N., & Ivashchenko, O. (2020). Problems of statistical study of “green econom-
ics” and green growth potentials in the sustainable development context. Baltic Journal of Economic 
Studies, 6(3), 87–98. https://doi.org/10.30525/2256-0742/2020-6-3-87-98 

Merino-Saum, A., Clement, J., Wyss, R., & Baldi, M. G. (2020). Unpacking the green economy concept: 
A quantitative analysis of 140 definitions. Journal of Cleaner Production, 242, 118339. 
https://doi.org/10.1016/j.jclepro.2019.118339

Młodak, A. (2014). On the construction of an aggregated measure of the development of interval data. 
Computational Statistics, 29, 895–929. https://doi.org/10.1007/s00180-013-0469-7

https://doi.org/10.3390/su11185098
https://doi.org/10.1016/j.jclepro.2017.05.210
https://doi.org/10.3386/w17841
https://doi.org/10.1038/nclimate3253
https://doi.org/10.1080/17583004.2016.1151552
https://doi.org/10.1016/j.aap.2005.09.007
https://doi.org/10.1016/j.jclepro.2018.02.311
https://doi.org/10.1016/j.jenvman.2020.111542
https://doi.org/10.1093/oxrep/grw037
https://doi.org/10.1016/j.ijproman.2017.02.008
https://doi.org/10.1080/00343404.2018.1445848
https://doi.org/10.1007/s10479-016-2357-3
https://doi.org/10.1016/j.enpol.2019.110982
https://doi.org/10.30525/2256-0742/2020-6-3-87-98
https://doi.org/10.1016/j.jclepro.2019.118339
https://doi.org/10.1007/s00180-013-0469-7


466 K. Cheba et al. Conditions of the green transformation. The case of the European Union

Narloch, U., & Bangalore, M. (2016). Environmental risks and poverty: Analyzing geo-spatial and house-
hold data from Vietnam (Policy Research Working Paper No. 7763). World Bank. 
https://doi.org/10.1596/1813-9450-7763

Ocampo, J. A. (2011). The macroeconomics of the green economy. In The transition to a green economy: 
Benefits, challenges and risks from a sustainable development perspective (Report by a Panel of Ex-
perts to Second Preparatory Committee Meeting for United Nations Conference on Sustainable 
Development, pp. 16–36). United Nations Environment Programme.

OECD. (2011). Education at a Glance 2011: OECD Indicators. OECD Publishing. 
https://doi.org/10.1787/eag-2011-en

Olsson, P., Galaz, V., & Boonstra, W. J. (2014). Sustainability transformations: A resilience perspective. 
Ecology and Society, 19(4), 1. https://doi.org/10.5751/ES-06799-190401 

Patterson, J., Schulz, K., Vervoort, J., Van Der Hel, S., Widerberg, O., Adler, C., Hurlbert, M., Ander-
ton, K., Sethi, M., & Barau, A. (2017). Exploring the governance and politics of transformations 
towards sustainability. Environmental Innovation and Societal Transitions, 24, 1–16. 
https://doi.org/10.1016/j.eist.2016.09.001

Pearce, D. (2014). Blueprint 3: Measuring sustainable development. Routledge. 
https://doi.org/10.4324/9781315070414

Perez‐Valls, M., Cespedes‐Lorente, J., & Moreno‐Garcia, J. (2016). Green practices and organizational 
design as sources of strategic flexibility and performance. Business Strategy and the Environment, 
25(8), 529–544. https://doi.org/10.1002/bse.1881

Pitkänen, A., Löscher, W., Vezzani, A., Becker, A. J., Simonato, M., Lukasiuk, K., Gröhn, O., Bankstahl, J. P.,  
Friedman, A., Aronica, E., Gorter, J. A., Ravizza, T., Sisodiya, S. M., Kokaia, M., & Beck, H. (2016). 
Advances in the development of biomarkers for epilepsy. The Lancet Neurology, 15(8), 843–856.  
https://doi.org/10.1016/S1474-4422(16)00112-5 

Privileggi,  F., & Marsiglio,  S. (2013). Environmental shocks and sustainability in a basic economy-
environment model. International Journal of Applied Nonlinear Science, 1(1), 67–75. 
https://doi.org/10.1504/IJANS.2013.052755

Rudneva, L. N., Pchelintseva, I. G., & Guryeva, M. A. (2016). General tendencies in modern economy: 
Sustainable development and green economy. Journal of Environmental Management and Tourism, 
7(2), 231–237. 

Samans, R. (2013). Green Growth and the post-2015 development agenda: An Issue Paper for the United 
Nations High-level Panel of Eminent Persons. Global Green Growth Institute. https://gggi.org/report/
green-growth-and-the-post-2015-development-agenda-by-richard-samans/ 

Schmitz, H. (2015). Green transformation. In I. Scoones, M. Leach, & P. Newell (Eds.), The politics of 
green transformations (pp. 170–184). Routledge. https://doi.org/10.4324/9781315747378-11

Scoones, I., Leach, M., & Newell, P. (Eds.). (2015). The politics of green transformations. Routledge.
Shearer, D. (1983). Green economics-planning with a political face. Nation, 237(22), 694–697.
Schot,  J., & Geels,  F.  W. (2008). Strategic niche management and sustainable innovation journeys: 

Theory, findings, research agenda, and policy. Technology Analysis & Strategic Management, 20(5), 
537–554. https://doi.org/10.1080/09537320802292651

Speck, S., & Zoboli, R. (2017). The green economy in Europe: In search for a successful transition. 
In S. Shmelev (Ed.), Studies in ecological economics: Vol. 6. Green economy reader (pp. 141–160). 
Springer, Cham. https://doi.org/10.1007/978-3-319-38919-6_7

Szopik-Depczyńska, K., Cheba, K., Bąk, I., Stajniak, M., Simboli, A., & Ioppolo, G. (2018). The study of 
relationship in a hierarchical structure of EU sustainable development indicators. Ecological Indica-
tors, 90, 120–131. https://doi.org/10.1016/j.ecolind.2018.03.002

https://doi.org/10.1596/1813-9450-7763
https://doi.org/10.1787/eag-2011-en
https://doi.org/10.5751/ES-06799-190401
https://doi.org/10.1016/j.eist.2016.09.001
https://doi.org/10.4324/9781315070414
https://doi.org/10.1016/S1474-4422(16)00112-5
https://doi.org/10.1504/IJANS.2013.052755
https://gggi.org/report/green-growth-and-the-post-2015-development-agenda-by-richard-samans/
https://gggi.org/report/green-growth-and-the-post-2015-development-agenda-by-richard-samans/
https://doi.org/10.4324/9781315747378-11
https://doi.org/10.1080/09537320802292651
https://doi.org/10.1007/978-3-319-38919-6_7
https://doi.org/10.1016/j.ecolind.2018.03.002


Technological and Economic Development of Economy, 2023, 29(2): 438–467 467

United Nations Environment Programme. (2011). Towards a Green Economy Pathways to sustainable 
development and poverty eradication. UNEP. Retrieved August 10, 2019, from http://www.unep.
org/greeneconomy 

United Nations Environment Programme. (2017). The green economy progress measurement framework. 
Evaluating national progress towards poverty eradication and shared prosperity within planetary 
boundaries. Partnership for Action on Green Economy. UNEP. Nairobi, Kenya.

United Nations Environment Programme & International Resource Panel. (2011). Decoupling natural 
resource use and environmental impacts from economic growth. Sustainable Consumption, & Pro-
duction Branch. UNEP/Earthprint. 

Wang, M. X., Zhao, H. H., Cui, J. X., Fan, D., Lv, B., Wang, G., & Zhou, G. J. (2018). Evaluating green 
development level of nine cities within the Pearl River Delta, China. Journal of Cleaner Production, 
174, 315–323. https://doi.org/10.1016/j.jclepro.2017.10.328 

Zhai, X., & An, Y. (2020). Analyzing influencing factors of green transformation in China’s manufac-
turing industry under environmental regulation: A structural equation model. Journal of Cleaner 
Production, 251, 119760. https://doi.org/10.1016/j.jclepro.2019.119760

Zhang, Y., Song, Y., & Zou, H. (2020). Transformation of pollution control and green development: 
Evidence from China’s chemical industry. Journal of Environmental Management, 275, 111246. 
https://doi.org/10.1016/j.jenvman.2020.111246

http://www.unep.org/greeneconomy
http://www.unep.org/greeneconomy
https://doi.org/10.1016/j.jclepro.2017.10.328
https://doi.org/10.1016/j.jclepro.2019.119760
https://doi.org/10.1016/j.jenvman.2020.111246

