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Introduction: Although a large number of publications are devoted to analyzing
the relationship between financial development and economic growth, we
focused on the answer to the question that sustainable development is
accompanied by financial development in particular European Union countries.
To our best knowledge, it is a new and original research approach that addresses
important research gaps.

Methodology: A synthetic indicator based on 13 variables was built to assess the
level of sustainable development, taking into account the financial aspect. Fuzzy
logic was used to assess the relationship between the level of sustainable
development and financial development. It is an original and novel approach.

Results: The research results showed significant differences between the north
and south and Europe’s east and west. The highest levels of the synthetic measure
for all analyzed periods were recorded for Sweden, Finland, and Denmark, and the
lowest for Lithuania (2013), Cyprus (2014–2015), and Bulgaria (2016–2021). Over
the nine years covered by the analysis, the level of sustainable development,
considering the financial aspect, improved in two countries: Germany and
Portugal, but deteriorated in six: Bulgaria, Croatia, Italy, Latvia, Romania, and
Slovenia. In all analyzed years, the higher the level of the synthetic measure
(sustainable development), the higher the value of the financial development index
(FDI index).

Discussion: When developing sustainable development policies, policymakers
should consider their links with financial development and the policy of
developing and regulating financial markets. Financial markets are essential for
sustainability, and finance is a crucial driver of sustainable development.
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1 Introduction

In the literature on the subject, attention is drawn to the
relationship between financial development and economic
growth (Guru and Yadav, 2019) it is also indicated that
finance is one of the main drivers of sustainability (Nykvist
and Maltais, 2022). Guru and Yadav (2019) point out that
economic development requires financing, and here the role of
financial institutions is crucial. At the same time, the Authors
emphasize that the financial effect manifests itself not only
through the development of financial markets and their
growth but also affects poverty reduction. As a result of their
research, Guru and Yadav (2019) showed that the indicators of
the development of the banking sector and the stock market
interact with indicators on the side of economic growth, which
indicates the interdependence of these phenomena. Also,
research carried out by R. Levine (2004) confirmed that
countries with better-functioning banks and financial markets
tend to grow faster. R. Levine (1997) highlights the ambiguous
research results on financial development and economic growth.
However, the Author points to a positive relationship between
financial development and economic growth, confirmed in his
research and also points out that better functioning financial
systems allow enterprises to overcome barriers to external
financing and ensure market expansion (Levine, 1997).

Acemoğlu, Johnson, and Robinson (2005) assumed the positive
impact of financial intermediaries on economic growth. The
Authors note the relationship between activities undertaken by
financial intermediaries consisting in encouraging market
participants to accumulate savings, multiplying them through
appropriate asset management and using the obtained surpluses
for development financing. A vital research trend is the analysis
of the impact of innovation on financial development and the
search for relationships between financial development,
economic growth, and innovations (Cheng and Hou, 2022).
The role of innovations (technological and financial) as an
essential factor in the development of growth and
development was pointed out by Schumpeter (1961), and
Todaro and Smith (2012). In particular, Schumpeter drew
attention to the role of credit and its importance for
developing enterprises (Schumpeter, 1961; Kuzilwa, 2005).

An increasingly important research trend is the analysis of
the relationships between financial development, economic
growth, and sustainability. It is a research gap in which the
field of research remains wide (Yang et al., 2022). Financial
institutions such as banks, mutual funds, and ESG rating
agencies could contribute to sustainability by encouraging new
business models and sustainable value (Beattie and Smith, 2013;
Bocken et al., 2013; Bocken, 2014; Bocken, 2015). Research
results indicate that ESG rating agencies identify the short-
term effects from the internal organizational perspective,
mainly in the environmental dimension. In contrast, social
aspects are emphasized from the external organizational
perspective (Muñoz-Torres et al., 2018).

Some research assumes a strong financial system impacts
sustainability and the emissions mitigating effects through
innovations (Yang et al., 2022). Tao et al. (2023) investigated
the effects of financial development on carbon emission intensity

in OECD countries. Based on research, they claimed that
financial development negatively affects carbon emission
intensity. The second finding is that the interaction effect
between financial development and information and
communication technology (ICT) on carbon emission
intensity is relatively weak. The second conclusion is
particularly interesting due to the thesis that “some tools in
digital finance are known to emit significant amounts of CO2”
(Galanti and Ozsoy, 2021). The progressing processes of
digitization and computerization of the financial sector can be
indicated, resulting in increased energy consumption, often from
non-renewable sources impacting carbon footprint. Ke et al.
(2022) found that “the interaction between ICTs and financial
development increases CO2 emissions”. The financialization
effect is essential in analyzing financial development and
economic growth (Dembinski and Viganò, 2009). The research
points to a ‘threshold effect’ in the relationship between the
extension of financial resources and growth; thus, the expansion
of the financial system is beneficial to growth only up to a point.
Financial development means access to innovations (Nazir et al.,
2021) and ensuring financing for sustainable development (Rani
et al., 2022). Still, on the other hand, it is responsible for creating
growth and related negative externalities.

Considering the role of the financial markets in the economy, the
question arises of how financial development affects sustainable
development. While research on the relationship between economic
growth and financial development is well documented, many
questions arise in financial development versus sustainable
development, creating a gap and justification for research in this
area. The paper’s main contribution is searching the relationship
between financial development and sustainable development with
fuzzy logic. It is one of the first studies dealing with this issue. Many
stakeholders may benefit from this study, mainly other
policymakers, decision-makers, the business sector, academia,
local governments, NGOs, investors, financial institutions, etc.
The roadmap of the paper presents Figure 1.

The article addresses an original research problem by attempting
to identify the relationship between sustainable development and
financial development in selected European Union countries in the
conditions of the green economy. The article aimed to assess the
relationship between the level of sustainable development and
financial development from the point of view of the “green
economy.” The following research questions were posed in the
article.

• Is sustainable development accompanied by financial
development in particular European Union countries?

• Which countries record the highest levels of sustainable
and financial development, and what is the rationale for
this?

• What is the link between the FDI index values in individual
years and the variables adopted for the study?

This paper is organized as follows: The introduction is Section 1;
in Section 2, the literature review. Section 3 presents the
methodological approach, data collection procedure, and
description of the methods. Section 4 discusses the research
results, and Section 5 includes the conclusion.
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2 Literature review

2.1 Sustainable development and
sustainability

A breakthrough in the dissemination and development of the
sustainable development concept was the Bruntland Commission
report published in 1987. It contained one of the most frequently
cited definitions of sustainable development, i.e., “development that
meets the needs of the present without compromising the ability of
future generations to meet their own needs (United Nations, 1987).
This concept, focused around inter- and intragenerational equity, is
based on three pillars, i.e., environment, economy, and society
(Waas et al., 2011; Boyer et al., 2016).

Initially, there were two approaches in the literature. Some
scientists perceived the pillars of sustainable development as
three separate perspectives (Brown et al., 1987; Goodland, 1995;
Caradonna, 2014), while others represented a systemic approach
(Barbier, 1987; Cocklin, 1989; Campbell, 1996; Milne, 1996;
Giddings et al., 2002). Currently, the areas of environment,
economy, and society are perceived as a set of interrelated
concepts that should be the basis for human decisions and
actions aimed at achieving sustainable development (Yang et al.,
2021). Olawumi and Chan (2018) make a step further, claiming that
these pillars must be harmonized to achieve sustainable
development goals. One of the main goals of sustainable
development is the transition to a low- and ultimately zero-
emission economy, which is part of the “green economy” concept
(Weber and Cabras, 2017; Pan et al., 2019; Ali et al., 2021).

In the literature on the subject, the terms ‘sustainable
development’ and ‘sustainability’ are used interchangeably,
although according to Axelsson et al. (2011) these are two

separate concepts. The essence of sustainability focuses on
determining how to use natural resources without depleting
them, while maintaining ecological integrity, biodiversity and
ecological sustainability (Parrotta et al., 2006). The concept of
sustainable development concerns the process of achieving
common economic, ecological and socio-cultural goals involving
many stakeholders at different levels of decision-making (Strange
and Bayley, 2008). This process includes searching for solutions that
ensure economic growth and enable all social groups to actively
participate in these processes, while giving them the opportunity to
benefit from economic growth.

In the process of implementation of the sustainable development
concept in 2015, 17 sustainable development goals were adopted,
which are the basis of the 2030 Agenda. These goals are a kind of
continuation of the Millennium Development Goals (MDGSs).
They refer to several key issues that have not been achieved
under the MDGSs and include a broader and more
transformative program that better reflects the current challenges
in implementing the concept of sustainable development (Fukuda-
Parr, 2016). Sustainable development goals are interrelated and
complementary, which means that the implementation of one
goal may contribute to the achievement of another goal (Tosun
and Leininger, 2017; Fasoli, 2018), but tensions may also arise, which
entails the need to make difficult choices, e.g., deforestation, which
positively affects the implementation of SDG 2, may at the same time
weaken the implementation of SDG 13, i.e., climate action. Taylor
(2016) therefore proposes that individual countries review the goals
to be able to distinguish those that can become a catalyst and those
that can have multidirectional effects on the implementation of the
concept of sustainable development.

Despite the undoubted importance of the SDGs in the
implementation of the sustainable development concept, they are
not legally binding (Zhao et al., 2020). Therefore, the use of standards
developed by the International Organization for Standardization
(ISO) as tools to facilitate the achievement of sustainable
development goals becomes extremely useful and important. An
example is the ISO 37100 series standards developed by the
technical committee ISO/TC 268, aimed at helping cities define
and achieve their sustainability objectives (ISO, 2020). In the
macroeconomic perspective, Bwalya (2019) showed the usefulness
of the 37,100 series standards in building smart cities on the example
of Johannesburg. Batty et al (2012) notice that smart cities will seek to
reduce gas emissions and carbon footprint, reduce the environmental
impact of humans and industry, and seek green energy solutions
(i.e., increase share of renewable energy). Zhao et al. (2020) identified
standards contributing to achieving SDG 2 - Zero Hunger. These
include: ISO 22000 - Food safety management systems, ISO 12875 -
Traceability of finfish products, ISO 12878 - Environmental
monitoring of the impacts from marine finfish farms on soft
bottom, ISO 14000 Environmental management, ISO 26000 -
Guidance on social responsibility, and ISO 20400 - Sustainable
procurement. ISO standards are also applicable on a micro scale.
Sayan (2018) showed the importance of ISO 14000 for the
sustainable development of enterprises, and Rezak et al. (2022)
revealed that ISO 56000 (innovation management standards) also
contributes to it.

FIGURE 1
Roadmap of the paper.
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2.2 Determinants of sustainable
development

The area of sustainable development has been the subject of
intensive research for several years. The literature on the subject has
quite well documented the positive relationship between sustainable
development and innovation (Cañeque and Hart, 2017; Guerrero-
Villegas et al., 2018; Soewarno et al., 2019; Manigandan et al., 2023),
including eco-innovation (Xavier et al., 2017; Ji et al., 2021;Wu et al.,
2021). Many researchers demonstrated positive impact of R&D
(research and development) expenditure (Fernández et al., 2018;
Hojnik et al., 2022; Li et al., 2023), and environmental tax (Kwilinski
et al., 2019; Xie and Jamaani, 2022; Liu et al., 2023) on sustainable
development. The relationship between sustainable development
and the competitiveness index (Wondowossen et al., 2014;
Kiseľáková et al., 2018) and the SDG index (Schmidt-Traub et al.,
2017; Horan, 2020) were also studied. One of the SDGs is the
reduction of inequalities, hence the analysis of the negative
relationship between the Gini index and sustainable development
(Scherer et al., 2018; Caous and Huarng, 2020).

A positive relationship between sustainable development and
financial development was revealed by Koirala and Pradhan (2020)
based on the analysis of panel data from 1990 to 2014 for 12 Asian
countries. In turn, Zahoor et al. (2022), recognized financial
development as a determinant of China’s sustainable
development. Additionally, Vo and Zaman (2020) showed that
financial development contributes to the reduction of carbon
dioxide emissions in various countries. It allows the use of more
efficient and greener technologies (Shahzad et al., 2014; Pata, 2018)
and the increase in the use of renewable energy sources (Samour
et al., 2022).

Hypothesis 1. (H1): Sustainable development is accompanied by
financial development

According to The Financial Development Report, financial
development should be understood as “the factors, policies, and
institutions that lead to effective financial intermediation and
markets, as well as deep and broad access to capital and financial
services” (World Economic Forum, 2011). Choong and Chan (2011)
perceive it in a similar way, describing it as “improvement in
quantity, quality and efficiency of financial intermediary services”
and Levine (1999), who describes it as “the ability of the financial
system to research firms and identify profitable ventures, exert
corporate control, manage risk, mobilize savings, and ease
transactions.” All the quoted definitions emphasize the role of
financial intermediaries and capital markets (Valickova et al.,
2015). Financial development makes it possible for the financial
sector to better and more efficiently support the growth of the real
economy. It also acts as a catalyst for high-quality development,
helping to reduce inequality and financial exclusion among citizens.
Consequently, it is consistent with the SDGs and the idea of
sustainable development. According to the financial development
theory, a stable financial system can efficiently mobilize saving funds
and direct them toward profitable investments (Gao et al., 20,022).

Hypothesis 2. (H2): The strength of the relationship between
financial development and sustainable development varies from
country to country

Hypothesis 3. (H3): The higher the level of the sustainable
development indicator, the higher the level of the financial
development indicator

The Sustainable Development Goals Report 2022 and Sustainable
Development Report 2022 show that, as in previous editions, Finland,
Denmark, Sweden and Norway are the countries with the highest
SDG index. All the countries in the top ten are European countries,
eight of which are members of the European Union. Low-income
countries tend to score lower on the SDG Index. In part, this is due to
the specificity of the Sustainable Development Goals focused on
reducing inequalities, extreme poverty and ensuring access to basic
services and infrastructure for all, including access to financial
services. At this point, it should also be emphasized that the
implementation of the sustainable development goals, especially in
the environmental area, requires high financial outlays. Research also
shows that higher-income countries have higher levels of financial
development (Ezeibekwe, 2020; Green Finance Platform, 2021).

Numerous scientific studies confirm the positive impact of
financial development on economic growth (De Gregorio and
Guidotti, 1995; Khan and Senhadji, 2003; Valickova et al., 2015;
Guru and Yadav, 2019), including green financial development
(Nawaz et al., 2021). Research on the relationship between
financial development and economic growth in 110 European
regions in 1997–2018 was carried out by Rossi and Scalise (2022).
The capillarity of bank branches and the agglomeration of the entire
financial industry were used to assess the level of financial
development. The research results showed that economic growth
in regional terms is determined to the greatest extent by the presence
of agglomerations of a complex financial sector, and not only by the
presence of bank branches. In turn, Caporale et al. (2015) analyzed the
impact of financial development on economic growth in 10 countries
that joined the European Union in 2004–2007. The outcomes
demonstrated that the lack of financial depth limits the impact of
financial development on economic growth. The more efficient
banking industry, on the other hand, have faster growth.

Asteriou and Spanos (2019), using a panel data set of 26 European
Union countries in the years 1990–2016, examined the relationship
between financial development and economic growth in the
conditions of the financial crisis. The study shows that while
before the crisis financial development was conducive to economic
growth, during and after the crisis it hampered economic activity.

Okuyan (2022) examined the relationship between financial
development and economic growth in developing countries and
came to the conclusion that there is no relationship between
financial development and economic growth for all these countries.

In the literature on the subject, there are also publications
showing that financial development is always unfavorable for
economic growth, but this negative effect is greater in high-
income countries (Cheng et al., 2021). However, to the best of
the authors’ knowledge, there is no study that examines the
relationship between sustainable development and financial
development in relation to individual countries.

3 Methods and research material

In the study, synthetic measures of development based on fuzzy
logic were used to assess the relationship between the level of
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sustainable development and financial development from the point
of view of the “green economy".

In order to build a model of a fuzzy process or phenomenon, the
first step is to define a set of fuzzy variables. The membership of each
element of such a set is described by the membership function
(Zadeh, 1965; Klir and Yuan, 1995, p.11):

μA: X → 0, 1[ ] (1)
As in classical sets, the value of the membership function equal

to 1 means complete membership in the set, and the value 0 means
no membership. In fuzzy sets, we also deal with partial membership
when the value of the membership function is greater than 0 and less
than 1.

To describe the mutual relations between fuzzy variables (so-
called fuzzy logic), linguistic variables are used, described by five
parameters (Klir and Yuan, 1995; Ross, 2010, pp.142–145):

〈v;P, S, g,m〉 (2)
Where: v—name of the linguistic variable; P—a set of linguistic

values (definitions) assumed by the variable; S - space of consideration
(Universe); g—semantics/grammar, generating linguistic values P;
m—semantic rule assigning each linguistic value p ∈ P the
appropriate fuzzy set m(P) as a subset of the space S.

In the classical econometric model, the links and interactions
between the explanatory variables and the dependent variable are the
result of the strength and direction of the correlation between them. It
is independent and results from the values of the variables that are the
basis for building the model. In the fuzzy model, it is the researcher
who, using a base of rules, defines the structure of the phenomenon
(process) by determining the mutual relations between the values of
fuzzy variables and the state of the phenomenon (process). Such a base
consists of single rules (Shepherd and Shi, 1998; Chen and Pham,
2001, p. 58; Ross, 2010, pp. 145–146):

IF x is A premise( )THENy is C conclusion( ) (3)
where the elements X and Y are related by the levels of the
membership function (μA(x) i μC(y)) and A and C are some
fuzzy variables.

Due to the fact that the fuzzy model outputs a fuzzy value, there
is a need to convert it to a numerical value. This process is called
defuzzification (Rotshtein and Shtovba, 2002; Van Broekhaven and
De Beats, 2006).

To assess the level of sustainable development, taking into
account financial development, 13 variables from
2013–2021 were used, among which we can distinguish six
indices. These variables are as follows.

• X1—Eco-Innovation Index
• X2—Share of environmental taxes in total revenues from taxes
and social contributions

• X3—Environmental tax revenues - Percentage of total
revenues from taxes and social contributions (including
imputed social contributions)

• X4—Environmental tax revenues - Percentage of gross
domestic product (GDP)

• X5—Gross domestic expenditure on R&D by sector - Business
enterprise sector

• X6—Gross domestic expenditure on R&D by sector -
Government sector

• X7—Gross domestic expenditure on R&D by sector - Higher
education sector

• X8—Sustainable Development Index (SDI)
• X9—SDG Index
• X10—Green Growth Index
• X11—International Tax Competitiveness Index
• X12—Gini coefficient of equalized disposable income
before social transfers (pensions excluded from social
transfers)

• X13—Human Development Index

Data on individual variables came from, e.g., the database of
Eurostat, the World Bank, UN agencies and other institutions. In
their set, only variable X12 has a destimulant character, i.e., it has a
negative impact on the studied phenomenon.

The algorithm for determining the value of a synthetic measure
proceeds in five stages.
Stage 1: Substantive division of the set of variables.

Due to the similar informative nature of the variables, they were
divided into three subgroups.

• group 1—includes variables defining the level of development of
the analyzed economies in terms of sustainable development
and environmental protection goals. It consists of variables: X1,
X8, X9 and X10;

• group 2—includes variables characterizing the fiscal systems
of the analyzed countries, their effectiveness and possibilities
of financing the energy transformation. It includes the
following variables: X2, X3, X4 and X11;

• group 3—includes variables measuring social potential and
development opportunities of new technologies. Within it, the
following variables were distinguished: X5, X6, X7, X12 and X13.

Table 1 presents the classification by variables and years of
analysis.
Stage 2: Bringing the set of variables to comparability

Due to the different nature of the variables constituting the
research set, in order to make them comparable, it was first
necessary to unify their variability intervals. For this purpose, the
zero unitarization method was used, the mathematical notation of
which is presented below (Kukuła and Bogocz, 2014; Zadrąg and
Kniaziewicz, 2017).

• for stimulants:

ztij �
xij −min

j
xij( )

max
j

xij( ) −min
j

xij( )
(4)

• for destimulants:

ztij �
max

j
xij( ) − xij

max
j

xij( ) −min
j

xij( )
(5)

Stage 3: Calculation of aggregate measures in groups of variables
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To classify EU countries according to the three groups of
variables identified in stage 1, synthetic aggregate measures were
used, calculated according to the formula:

Agti �
∑kt

j�1ztij
kgt

(6)

where.

Agti– the value of the indicator for the gth group in the tth year
and the ith country, where the individual groups refer to: 1 - the
level of sustainable development and environmental protection;
2 - the efficiency of fiscal systems, including in the field of energy
transformation; 3 - social potential and opportunities for the
development of new technologies,
kgt– number of diagnostic features in the gth group and tth
period,
ztij—normalized value of jth diagnostic feature to ith object and
tth period.

Stage 4: Building a model based on fuzzy logic
In order to examine the relationship between the level of

sustainable development and financial development in the
context of the possibility of financing the transformation towards
a “green economy”, based on synthetic measures for groups of
variables calculated in stage 3, a model based on fuzzy logic was
constructed. Information on the two basic elements necessary for
the construction of such a model was presented below: linguistic
variables (Table 2) and the rule base.

To describe the fuzzy variables, triangular and trapezoidal
membership functions were used, describing the probability of
classifying elements to individual fuzzy sets.

• fuzzy rule base:

IF (fv_1 is low OR fv_1 is mid OR fv_1 is high) AND fv_2 is low
AND fv_3 is low THEN U is low.

IF fv_1 is low AND (fv_2 is low OR fv_2 is mid OR fv_2 is high)
AND fv_3 is low THEN U is low.

IF fv_1 is low AND fv_2 is low AND (fv_3 is low OR fv_3 is mid
OR fv_3 is high) THEN U is low.

IF (fv_1 is low OR fv_1 is mid OR fv_1 is high) AND fv_2 is mid
AND fv_3 is mid THEN U is mid.

IF fv_1 is mid AND (fv_2 is low OR fv_2 is mid OR fv_2 is high)
AND fv_3 is mid THEN U is mid.

IF fv_1 is mid AND fv_2 is mid AND (fv_3 is lowOR fv_3 is mid
OR fv_3 is high) THEN U is mid.

IF fv_1 is lowAND fv_2 is mid AND fv_3 is high THENU ismid.
IF fv_1 is mid AND fv_2 is low AND fv_3 is high THEN U

is mid.
IF fv_1 is mid AND fv_2 is high AND fv_3 is low THEN U

is mid.
IF fv_1 is low AND fv_2 is high AND fv_3 is mid THEN U

is mid.
IF fv_1 is high AND fv_2 is mid AND fv_3 is low THEN U

is mid.
IF fv_1 is high AND fv_2 is low AND fv_3 is mid THEN U

is mid.

TABLE 1 Substantive division of variables.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13

2013 1 2 2 2 3 3 3 1 1 1 - 3 3

2014 1 2 2 2 3 3 3 1 1 1 2 3 3

2015 1 2 2 2 3 3 3 1 1 1 2 3 3

2016 1 2 2 2 3 3 3 1 1 1 2 3 3

2017 1 2 2 2 3 3 3 1 1 1 2 3 3

2018 1 2 2 2 3 3 3 1 1 1 2 3 3

2019 1 2 2 2 3 3 3 1 1 1 2 3 3

2020 1 2 2 2 3 3 3 - 1 1 2 3 3

2021 1 2 2 2 3 3 3 - 1 1 2 3 3

Source: own study.

TABLE 2 Linguistic variables.

Linguistic variable Property Level

fv_1 stimulant low A 1t
− S(A1t)

mid A 1t

high A 1t
+ S(A1t)

fv_2 stimulant low A
2t
− S(A2t)

mid A
2t

high A
2t
+ S(A2t)

fv_3 stimulant low A 3t
− S(A3t)

mid A 3t

high A 3t
+ S(A3t)

U stimulant low 0,25

mid 0,50

high 0,75

Source: own elaboration.
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IF (fv_1 is lowOR fv_1 is mid OR fv_1 is high) AND fv_2 is high
AND fv_3 is high THEN U is high.

IF fv_1 is high AND (fv_2 is lowOR fv_2 is mid OR fv_2 is high)
AND fv_3 is high THEN U is high.

IF fv_1 is high AND fv_2 is high AND (fv_3 is low OR fv_3 is
mid OR fv_3 is high) THEN U is high.
Stage 5: Calculation of the value of the synthetic measure.

The value of the synthetic measure showing the level of sustainable
development of EU countries, taking into account the fiscal aspect Uti

*,

was obtained by defuzzification of the output of the fuzzy model Uti

built in point 4. The obtained values were in the range [0,1], where
1 means a high level of development and 0 means a low level.

4 Research results

Table 3 presents, for each of the EU countries and the years
2013–2021, the values of the synthetic measure determining the level

TABLE 3 Values of the synthetic measures for EU countries in 2013–2021.

Country 2013 2014 2015 2016 2017 2018 2019 2020 2021

Belgium 0.382 0.412 0.363 0.352 0.317 0.341 0.339 0.374 0.365

Bulgaria 0.340 0.285 0.298 0.194 0.194 0.194 0.194 0.194 0.194

Czechia 0.680 0.663 0.665 0.668 0.634 0.639 0.636 0.647 0.654

Denmark 0.806 0.780 0.793 0.789 0.781 0.788 0.803 0.801 0.792

Germany 0.702 0.701 0.738 0.771 0.740 0.745 0.765 0.806 0.806

Estonia 0.531 0.402 0.401 0.396 0.431 0.495 0.509 0.541 0.546

Ireland 0.371 0.376 0.329 0.316 0.313 0.307 0.297 0.328 0.310

Greece 0.333 0.349 0.406 0.386 0.424 0.442 0.479 0.529 0.499

Spain 0.409 0.374 0.371 0.388 0.398 0.412 0.407 0.445 0.414

France 0.688 0.716 0.694 0.700 0.681 0.672 0.644 0.607 0.606

Croatia 0.592 0.628 0.640 0.611 0.626 0.657 0.658 0.390 0.404

Italy 0.694 0.644 0.547 0.598 0.585 0.593 0.566 0.500 0.498

Cyprus 0.219 0.194 0.196 0.195 0.197 0.214 0.237 0.273 0.277

Latvia 0.656 0.622 0.626 0.620 0.628 0.550 0.550 0.483 0.491

Lithuania 0.205 0.282 0.245 0.249 0.290 0.278 0.284 0.282 0.295

Luxembourg 0.367 0.368 0.420 0.363 0.392 0.465 0.462 0.407 0.470

Hungary 0.332 0.340 0.345 0.354 0.371 0.352 0.375 0.341 0.362

Malta 0.276 0.296 0.339 0.294 0.287 0.280 0.287 0.247 0.229

Netherlands 0.743 0.756 0.726 0.727 0.719 0.705 0.710 0.727 0.750

Austria 0.738 0.753 0.733 0.762 0.754 0.793 0.797 0.799 0.792

Poland 0.375 0.385 0.402 0.322 0.332 0.325 0.330 0.354 0.396

Portugal 0.291 0.258 0.285 0.345 0.368 0.382 0.383 0.348 0.363

Romania 0.409 0.610 0.648 0.617 0.429 0.405 0.588 0.314 0.296

Slovenia 0.795 0.792 0.785 0.776 0.730 0.734 0.746 0.685 0.647

Slovakia 0.376 0.427 0.510 0.426 0.424 0.418 0.369 0.470 0.449

Finland 0.799 0.792 0.792 0.803 0.800 0.805 0.799 0.806 0.792

Sweden 0.805 0.806 0.806 0.806 0.806 0.806 0.806 0.802 0.805

min 0.205 0.194 0.196 0.194 0.194 0.194 0.194 0.194 0.194

max 0.806 0.806 0.806 0.806 0.806 0.806 0.806 0.806 0.806

mean 0.515 0.519 0.522 0.512 0.506 0.511 0.519 0.500 0.500

std. dev 0.201 0.198 0.194 0.205 0.195 0.195 0.194 0.193 0.191

Source: own elaboration.
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of their sustainable development, taking into account the financial
development.

The average value of the synthetic measure for all analyzed years
oscillated around 0.500, of which the highest (0.522) was recorded for
2015, and the lowest (0.500) in the last 2 years of the analysis.
Diversity remained high, coefficients of variation ranged from
37.06% (2015) to 40.09% (2016). It is worth noting that the range
between maximum and minimum value of synthetic measures, equal
to 0.611, remained constant for almost the entire analysis period.

The highest levels of the synthetic measure for all analyzed
periods were recorded for three countries: Sweden, Finland and
Denmark. In their case, the level of the measure was in the range
from 0.780 to 0.806. The lowest values were recorded for Lithuania
(2013), Cyprus (2014–2015) and Bulgaria (2016–2021), they ranged
from 0.194 to 0.205.

Figure 2 shows the average values of the synthetic measure for
27 EU countries, obtained over the 9 years of the analysis.

On the basis of Figure 2, we can distinguish three groups of
countries. The first group included nine countries with the highest
average level of the synthetic measure. It includes: Sweden (0.805),
Finland (0.799), Denmark (0.793), Austria (0.769), Germany (0.753),
Slovenia (0.743), the Netherlands (0.729), France (0.667) and the
Czech Republic (0.654). Thus, the countries of the so-called of the
“Old Union”, i.e., those whose accession took place before 2004.

The second group consisted of countries with an average
synthetic measure: Italy (0.581), Latvia (0.581) and Croatia
(0.578). The third group consisted of the remaining 15 countries:
Romania (0.480), Estonia (0.472), Slovakia (0.430), Greece (0.428),
Luxembourg (0.412), Spain (0.402), Belgium (0.361), Poland
(0.358), Hungary (0.352), Portugal (0.336), Ireland (0.328), Malta

TABLE 4 EU countries by typological groups in 2013–2021.

Country 2013 2014 2015 2016 2017 2018 2019 2020 2021

Belgium 3 3 3 3 3 3 3 3 3

Bulgaria 3 4 4 4 4 4 4 4 4

Czechia 2 2 2 2 2 2 2 2 2

Denmark 1 1 1 1 1 1 1 1 1

Germany 2 2 1 1 1 1 1 1 1

Estonia 2 3 3 3 3 3 3 2 2

Ireland 3 3 3 3 3 4 4 3 3

Greece 3 3 3 3 3 3 3 2 3

Spain 3 3 3 3 3 3 3 3 3

France 2 2 2 2 2 2 2 2 2

Croatia 2 2 2 2 2 2 2 3 3

Italy 2 2 2 2 2 2 2 3 3

Cyprus 4 4 4 4 4 4 4 4 4

Latvia 2 2 2 2 2 2 2 3 3

Lithuania 4 4 4 4 4 4 4 4 4

Luxembourg 3 3 3 3 3 3 3 3 3

Hungary 3 3 3 3 3 3 3 3 3

Malta 4 4 3 4 4 4 4 4 4

Netherlands 1 1 1 1 1 2 2 1 1

Austria 1 1 1 1 1 1 1 1 1

Poland 3 3 3 3 3 3 3 3 3

Portugal 4 4 4 3 3 3 3 3 3

Romania 3 2 2 2 3 3 2 3 4

Slovenia 1 1 1 1 1 1 1 2 2

Slovakia 3 3 3 3 3 3 3 3 3

Finland 1 1 1 1 1 1 1 1 1

Sweden 1 1 1 1 1 1 1 1 1

Source: own study.
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(0.282), Lithuania (0.268), Bulgaria (0.232) and Cyprus (0.222). It
follows that as many as nine of them gained accession after 2004.

Based on the values of synthetic measures presented in Table 1,
in each of the sub-periods of the analysis, countries were classified
into one of four typological groups:

• group 1: Uti
* > �U

*
t + S U*

t( )

• group 2: �U
*
t + S U*

t( )≥Uti
* > �U

*
t

• group 3: �U
*
t ≥Uti

* > �U
*
t − S U*

t( )

• group 4: Uti
* < �U

*
t − S U*

t( )

where.

Uti
*—synthetic measure to ith object and tth period,

�U*
t—average value of synthetic measure in tth period,

S(U*
t)—standard deviation of synthetic measure in tth period.

FIGURE 2
Average values of synthetic measures by EU countries in 2013–2021.

FIGURE 3
Spatial distribution of EU countries by the level of the synthetic measure in 2013.
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The grouping results are presented in Table 4.
When analyzing the classification of individual countries, it

should be emphasized that only 13 out of 27 of them changed
the typological group during the 9 years of the analysis. This may
indicate a great difficulty in quickly changing the level of sustainable
development, taking into account the fiscal aspect. Figure 3 and
Figure 4 show the spatial distribution of synthetic measures for the
countries under study in 2013 and 2021.

The analysis of the data presented in Figure 3 and Figure 4 shows
that both in 2013 and 2021 there were significant differences
between the countries of northern and western Europe and the
countries from the south and east of the continent. Over the 9 years
covered by the analysis, the level of fiscal sustainability improved in
two countries: Germany and Portugal, but deteriorated in six:
Bulgaria, Croatia, Italy, Latvia, Romania and Slovenia

Table 5 presents the values of Pearson’s linear correlation
coefficients between synthetic measures and the values of the
Financial Development Index (FDI). In all analyzed periods, the
assessment of correlation coefficients was positive, which indicates
that the higher the level of the synthetic measure, the higher the
value of the FDI index. However, the values of the coefficients
indicate a low level of correlation between the two variables in
2014–2017 and in 2019, and a moderate level in 2013,
2018 and 2020.

From the point of view of the purpose of the study, it is
important to examine the relationship between the FDI index
values in individual years and the variables adopted for the study
(Table 6). It should be noted that most of the variables are
moderately positively correlated with FDI. A moderate negative
correlation was found with only three variables: X2 (Share of
environmental taxes in total revenues from taxes and social
contributions), X3 (Environmental tax revenues - Percentage of
total revenues from taxes and social contributions) and X11 (Gini
coefficient of equalized disposable income before social transfers). In
the case of variable X4 (Environmental tax revenues - Percentage of
gross domestic product) i) there is a negative correlation, but of weak
strength. In turn, the X6 variable (Gross domestic expenditure on
R&D by sector - Government sector) is weakly and negatively
correlated with the FDI variable only in the years 2013–2015, the
relationship between FDI and X8 is similar - a weak negative
correlation applies only to 2013.

5 Discussion

The relationship between financial development and economic
growth has been the subject of many studies, but we focused on
finding the answer to the question of whether sustainable
development is accompanied by financial development in
individual countries of the European Union. Our results
confirm the existence of a relationship between sustainable
development and financial development, but the strength of this
relationship varies for the individual countries. The relationship
between financial development, economic growth, and
sustainability was the subject of research by Yang et al. (2022).

TABLE 5 Pearson’s linear correlation coefficients between the values of the
synthetic measure and the FDI index by years.

2013 2014 2015 2016 2017 2018 2019 2020

0.338 0.237 0.226 0.282 0.276 0.353 0.289 0.366

Source: own study.

FIGURE 4
Spatial distribution of EU countries by the level of the synthetic measure in 2021.
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They came to the results that a strong financial system can support
economic growth and have a positive impact on sustainable
development in the long term. A developed and effective
financial system can effectively mobilize saving funds and
allocate them to productive investments compliant with the
SDGs. It is also conducive to technical progress and innovation
of the economy, which positively affects economic growth. A
positive correlation between financial development and
sustainable economic growth was demonstrated by Gao et al.
(2022). Based on panel data from 283 Chinese cities in
2003–2016, they proved that financial development improves
sustainable economic growth. Similar conclusions were reached
by Ahmed et al. (2022), who, based on data from South Asian
countries in 2000–2018, showed that financial development is a
driving factor in promoting green economic growth.

The positive relationship between financial development and
Environmental, Social and Governance (ESG) performance was
confirmed by Ng et al. (2020). Based on data from Asian countries
in 2013–2017, they showed that financial development (both in relation
to financial markets and financial institutions) is positively correlated
with ESG successes. Our results are generally also in line with those of
Tekin Turhan et al. (2023), who demonstrated long-term positive
influence of financial development and educational attainment on
economic sustainability. The impact of indirect channels of financial
development on reduction of carbon emissions was confirmed by Khan
and Ozturk (2021).

To assess the relationship between financial development and
sustainable development, a synthetic indicator based on 13 variables
was built to assess the level of sustainable development, taking into
account the financial aspect. The analysis of the value of this indicator
showed that there are large differences between north and south and
between east and west of Europe. The highest levels of the synthetic
measure in all analyzed periods were recorded for Sweden, Finland
and Denmark, and the lowest for Lithuania (2013), Cyprus
(2014–2015) and Bulgaria (2016–2021). Similar research, but with
regard to developing countries, was conducted by Houda and Lamia
(2016). Based on panel data in 20 countries from 1995 to 2011, they
showed that the financial system has a positive impact on the
environment (and therefore also on sustainable development).
However, they also showed a negative impact on industrial
investment and economic growth. Similar studies for low middle
income countries were conducted by Hunjra et al. (2022). The

research results confirmed the positive relationship between
sustainable economic development and financial development.

6 Conclusion

The relationship between finance and economic growth has
long been the subject of scientific discussion and research.
Research in this area is well-argued. Relationships between
sustainable and financial development are a relatively new area
of consideration. An efficient financial system is a prerequisite for
the proper functioning of the economy, as it is responsible for both
capital allocation and risk management. It is assumed that the
financial market effectively fulfills both of these roles. For a long
time, the financial market logic assumes only profit maximization,
mainly return on investment. In this approach, sustainable
development is guided by a different approach because profit
maximization is not the goal, and ESG issues are a top priority.
In recent years, however, the phenomenon of greening the
financial sector and increasing its social responsibility has been
observed. Recommendations for the financial sector, defined in the
form of principles of social and environmental risk management
(E&S risk) in financial institutions, played a vital role in
implementing sustainable development postulates in finance
and banking. Authors such as Lydenberg (2009) or Tonello
(2006) draw attention to the risk determined by short-termism
for financial markets, pointing to the risk of instability and
excessive volatility in macro terms and short-term perception
and business thinking in micro terms. In this context, it is
worth mentioning investments in companies operating in the
liquid fuels industry that are profitable for investors in the
short term but unfavorable for the environment in the long
term due to the increase in greenhouse gas emissions into the
atmosphere and environmental consequences related to fuel
consumption. Despite the accusations against financial markets
(especially after the 2008 crisis) that they are guided only by the
profit criterion, are not transparent and are reluctant to include
stakeholders in decision-making processes and ignore social and
environmental issues in their business models, changes in the
attitude and behavior of financial institutions are observable
conducive to sustainable development. The article attempts to
examine whether sustainable development and financial

TABLE 6 Pearson’s linear correlation coefficients between the values of the variables and the FDI index.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13

FDI2013 0.524 −0.396 −0.433 0.069 0.578 −0.023 0.466 −0.188 0.515 0.096 - 0.091 0.678

FDI2014 0.481 −0.425 −0.460 −0.064 0.457 −0.111 0.340 0.038 0.417 −0.007 −0.700 0.179 0.569

FDI2015 0.495 −0.475 −0.505 −0.156 0.516 −0.141 0.252 0.018 0.424 0.058 −0.654 0.139 0.596

FDI2016 0.473 −0.495 −0.522 −0.199 0.532 0.038 0.517 0.013 0.427 0.064 −0.620 0.242 0.556

FDI2017 0.417 −0.490 −0.519 −0.191 0.533 −0.004 0.456 0.047 0.349 0.055 −0.615 0.246 0.546

FDI2018 0.539 −0.499 −0.524 −0.168 0.564 0.042 0.409 0.048 0.433 0.131 −0.606 0.237 0.573

FDI2019 0.535 −0.530 −0.554 −0.174 0.546 0.119 0.374 0.066 0.425 0.110 −0.659 0.201 0.582

FDI2020 0.530 −0.578 −0.602 −0.234 0.460 0.181 0.311 - 0.322 0.116 −0.583 0.306 0.545

Source: own study.
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development go hand in hand or are mutually exclusive. It is an
original research approach that fills the gap in research on
sustainable development and financial development.

The article attempts to examine the relationship between
sustainable development and financial development. This approach
is original in the research context, focusing mainly on analyzing the
relationship between financial development and economic growth.
The study used 13 variables. The study data came from the Eurostat
database, the World Bank, UN agencies, and other institutions. The
methodology is based on the fuzzy approach. The taxonomic measure
distinguishes three groups of countries differentiated in terms of
sustainable development and financial development. The analysis
carried out shows that both in 2013 and 2021, significant
differences were noticeable between the countries of northern and
western Europe and the countries of the south and east of the
continent. Over the 9 years covered by the analysis, the level of
fiscal sustainability improved in two countries: Germany and
Portugal, but deteriorated in six: Bulgaria, Croatia, Italy, Latvia,
Romania, and Slovenia. Only 13 out of 27 changed the typological
group during the 9 years of analysis. Considering the fiscal aspect, it
may indicate a great difficulty in quickly changing the level of
sustainable development. In all analyzed years, the higher the level
of the synthetic measure (sustainable development), the higher the
value of the financial development index (FDI index). Thus, the study
confirmed that a high level of financial development also characterizes
countries with a high level of sustainable development. Therefore, the
role of financial markets in supporting sustainable development
remains essential. The specific research result is that the higher
degree of sustainable development, the higher level of financial
development, especially in northern and Western Europe countries.

The research results can be a valuable guideline for political
decision-makers in the process of designing the state’s sustainable
development strategy, especially in the field of policy of developing
and regulating the financial market. The importance of the financial
market as drivers for sustainable development has been confirmed by
the results of studies by Stoian and Iorgulescu (2019), AlKaabi and
Nobanee (2020) and Tan (2022). In addition, the selection of variables
used to build synthetic indicator to assess the level of sustainable
development, taking into account the financial aspect, may provide
the government with hints on the tools that can be used in the process
of supporting and stimulating sustainable development.

The main research limitation is related to the comparability of
data andmethodological approach. Future research will be carried out
based on more financial variables for the countries from the first and
third groups. Future work will include the development of a model
supporting decision-makers from the financial and non-financial
sectors in making decisions on the directions of financing
sustainable development. This will enable better management of
financial resources from the point of view of implementing, for
example, sustainable development goals.
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Glossary

μA The membership function A

X Element of the membership function

〈v;P, S, g ,m〉 Linguistic variable construction

v Name of the linguistic variable

P A set of linguistic values (definitions) assumed by linguistic the
variable

S Space of consideration (universe) of linguistic variable

g Semantics/grammar, generating linguistic values P

m Semantic rule assigning each linguistic value p ∈ P the appropriate
fuzzy set m(P) as a subset of the space S

X1, . . . ,X13 Diagnostic features

X1 Diagnostic feature 1: Eco-Innovation Index

X2 Diagnostic feature 2: share of environmental taxes in total revenues
from taxes and social contributions

X3 Diagnostic feature 3: environmental tax revenues - Percentage of
total revenues from taxes and social contributions (including
imputed social contributions)

X4 Diagnostic feature 4: environmental tax revenues - Percentage of
gross domestic product (GDP)

X5 Diagnostic feature 5: gross domestic expenditure on R&D by sector
- Business enterprise sector

X6 Diagnostic feature 6: gross domestic expenditure on R&D by sector
- Government sector

X7 Diagnostic feature 7: gross domestic expenditure on R&D by sector
- Higher education sector

X8 Diagnostic feature 8: Sustainable Development Index (SDI)

X9 Diagnostic feature 9: SDG Index

X10 Diagnostic feature 10: Green Growth Index

X11 Diagnostic feature 11: International Tax Competitiveness Index

X12 Diagnostic feature 12: Gini coefficient of equalized disposable
income before social transfers (pensions excluded from social
transfers)

X13 Diagnostic feature 13: Human Development Index

zt ij Normalized value of jth diagnostic feature to ith object and tth
period

Agt i Synthetic aggregate measure calculated for gth group, ith object and
tth period

A1t i Synthetic aggregate measure of the level of sustainable development
and environmental protection calculated to ith object and tth period

A2t i Synthetic aggregate measure of the efficiency of fiscal systems,
including in the field of energy transformation calculated to ith
object and tth period

A2t i Synthetic aggregate measure of the social potential and
opportunities for the development of new technologies calculated to
ith object and tth period

�A1 t Average value of A1 synthetic aggregate measures in tth period

�A2 t Average value of A2 synthetic aggregate measures in tth period

�A3 t Average value of A3 synthetic aggregate measures in tth period

S(A1 t) Standard deviation of A1 synthetic aggregate measures in tth period

S(A2 t) Standard deviation of A2 synthetic aggregate measures in tth period

S(A3 t) Standard deviation of A3 synthetic aggregate measures in tth period

kgt Number of diagnostic features in the gth group and tth period

fv_1, . . . , fv_3 Fuzzy variables

Uti Output value of fuzzy model to ith object and tth period

Uti
* Synthetic measure (output value of fuzzymodel after defuzzification

process) to ith object and tth period

�U *
t

Average value of synthetic measure in tth period

S(U *
t ) Standard deviation of synthetic measure in tth period

FDI Financial development index

NGOs Non-governmental organizations

SDG Sustainable Development Goal

ESG Environmental, social and governance

MDGSs Millennium Development Goals
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