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Abstract: The 2030 Agenda with 17 Sustainable Development Goals (SDGs) is a challenge for all
countries in the world. Their implementation may turn out to be a compromise or the creation of
effective interactions that dynamize sustainable development. To achieve the SDGs, it is essential to
understand how they interact with each other. It seems that in the times of the climate and health
crisis caused by the COVID-19 pandemic, caring for the environment and ensuring a healthy life
and promoting well-being at all ages is the basis for environmental, economic and social sustainable
development. The aim of the study is to compare the degree of implementation of the goals of
sustainable development in the scope of goal 13 “Climate action” and goal 3 “Good health and
well-being” in the EU countries. In addition, we analyze how trade-offs and synergies between these
goals have developed. Data from the Eurostat database were used to achieve the goal. The study
used the method of multivariate comparative analysis—linear ordering of objects. The technique
for order preference by similarity to an ideal solution (TOPSIS) method was used to measure the
studied phenomenon. The results indicate a different degree of implementation of the sustainable
development goals related to climate change and the improvement of health and social well-being.
Only a few countries have synergy in achieving these goals, most of them compromise, manifesting
themselves in improving one goal over another. In the group of analyzed EU countries, a simulta-
neous deterioration in the effectiveness of achieving both objectives were also noted. Our research
also shows that energy policy is an important attribute in improving the achievement of these goals.
The conducted analysis fills the gap in the research on the implementation of selected sustainable
development goals and their interactions. It contributes to the discussion on increasing the links
between them, in particular with regard to emerging compromises. This research can provide a
basis for re-prioritizing and intensifying the actions where individual EU countries are lagging
most behind.

Keywords: sustainable development; climate; well-being; energy policy; COVID-19; linear ordering
of objects; EU member states

1. Introduction

The 2030 Agenda for Sustainable Development, which includes the 17 Sustainable
Development Goals (SDGs) and 169 related goals [1] that UN member states have com-
mitted to achieving by 2030, is a global roadmap for people, planet and welfare. The aim
of this initiative is to promote sustainable development and improve the quality of life by
protecting the natural environment, promoting low-carbon development and adapting to
global environmental changes, especially climate change [2]. The implementation of the
Agenda will largely depend on the ability of individual countries to maximize synergies
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and resolve existing trade-offs between the objectives or group of objectives [3]. The simul-
taneous implementation of two or more SDGs can potentially save resources for achieving
the SDGs by harmonizing, coordinating or pooling efforts to achieve different SDGs [4].

As the problem of climate change becomes more complex and its essence as a global
public good is enhanced, climate change management has received unprecedented atten-
tion in recent years [5]. National and global public health associations, as well as those
dedicated to climate change, have unanimously recognized that climate change is a state of
emergency that threatens public health [6,7].

The 2030 Agenda, through goal 13 (SDG13), called for urgent environmental action to
combat climate change and its consequences. All tasks included in this objective have a
potential impact on the improvement of health and social well-being, mainly as a result of
reducing air pollution, improving energy efficiency and increasing the quality of life [8].
The tasks performed under the SDG13, if not properly planned, may affect the deterioration
of social welfare and, consequently, contribute to the reduction of the effectiveness of the
implementation of all social goals of sustainable development, including tasks for health
and well-being (SDG3) [9-11].

The presentation of this study is structured as follows: First, relevant literature on
climate and well-being and their relevance to sustainable development is presented. Then,
a research gap was identified in the studies on the degree of implementation of SDGs 3 and
13 and the links between them in the EU countries. Second, the set of indicators and the
methodology used in the study are briefly presented. Then, in the third and fourth sections,
we report the findings from the research and try to assess the relationship between the
received orders of countries in terms of the implementation of SDGs 3 and 13, and we
will indicate the relationships between these goals. In the last part, we present our main
conclusions and recommendations.

1.1. Climate and Wellbeing

The threats resulting from the changing climate are multifaceted [12], they constitute
an existential threat to many aspects of public life and the Earth’s ecosystems [13,14].
Climate change affects poverty, health, the economy, infrastructure, equality and gender
relations [15]. People and communities around the world are increasingly witnessing
dramatic and chronic environmental degradation and are experiencing a number of related
responses and impacts [16]. It is well known that the effects of climate change threaten
human health [17-32], and also increase existing inequalities, making the most marginal-
ized people more vulnerable to the health consequences of a changing climate [33].For
example, Patz et al. [17] indicates that many common human diseases are associated with
climate fluctuations, from cardiovascular mortality and respiratory disease caused by heat
waves to increase transmission of infectious diseases and malnutrition due to crop failure.
Onozuka et al. [23] by analyzing future prognosis of excessive sudden cardiac arrest in
an out-of-hospital environment related to climate change, showed a relationship between
global climate change and mortality. Alahmad et al. [24] showing the relationship between
temperature extremes and mortality. They argue that extremely high temperatures increase
the risk of death from cardiovascular causes. Tang et al. [25] are of the same opinion. They
suggest that extreme temperatures may increase the risk of hospitalization for ischemic
stroke—an acute cardiovascular disease with high levels of disability and mortality. Garcia
and Sheehan [28] prove in turn that extreme weather events cause a significant burden of
mortality and morbidity among children. Hrabok et al. [18] and Hayes et al. [34] prove that
the effects of climate change affect mental health, including post-traumatic stress disorder,
depression, suicide and anxiety. Bai et al. [22] proves that short-term exposure to high
level of ambient particulate matters has been linked with increased hospital admissions
for schizophrenia. Castello et al. [31] and Mc Michael et al. [32] proved that changes in
climate cause an acute exacerbation of chronic respiratory diseases (including asthma
and allergies) and an increase in the incidence of diseases transmitted by vectors, water
and food. Hayes et al. [34] state that “climate change is a destructive reality with dire
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predictions for the future”. The effects of a changing climate may exceed the ability of many
countries and their public health support institutions to adapt effectively and may have a
negative impact on health outcomes [35]. If doubts have emerged about the urgent need to
strengthen public health and welfare efforts to prepare for the inevitable climate change,
the COVID-19 pandemic has dispelled them [36]. The response of all countries around the
world to COVID-19 in early 2020 revealed important gaps in adaptability [37]. The fact is
that, to date, both public and private institutions in many countries have not acted quickly
enough to prevent climate change. The emergence of COVID-19 shows how important
it is to think long-term and incorporate it into strategies and risk management [38]. The
pandemic has highlighted the importance of effective public health and healthcare systems
and the importance of reducing poverty, reducing inequality, increasing universal health
care, and promoting food and water security. Healthy populations and flexible health
systems are critical to any country’s quality of life, economic growth and development [39].
As underlined by Beccari [40] a community’s ability to demonstrate adaptability or re-
silience to climate change depends on its technical, institutional, economic and cultural
capacity, as well as on the existing healthcare infrastructure. There is currently no evidence
that the coronavirus is linked to climate change, but McMichael [41] points out that global
warming, which results in excessive greenhouse gas emissions, will support epidemic con-
ditions for infectious diseases and enhance other health impacts related to heat, drought,
storms and other threats. It has been proven, however, that the incidence of COVID-19
and the course of the disease is related to temperature, pollution level and particulate
matter (PM) concentration in the air [42-51].For example, Coccia [42] shows through her
research that the accelerated and widespread spread of COVID-19 in northern Italy was
highly associated with measured urban air pollution. Yao [44] shows that PM pollution was
positively associated with COVID-19. Long-term exposure to particulate matter pollution
increased the susceptibility of the Chinese population to SARSA-COVID-2 and affected
patient prognosis. Zoran et al. [46] by examining the relationship between atmospheric
pollutants from the ground level, together with air quality and climate variables (average
daily temperature, relative humidity, wind speed, atmospheric pressure and planetary
boundary layer), prove that high levels of air pollution in cities, weather and specific
conditions climate has a significant impact on the increased rates of confirmed total daily
new and total deaths in Milan. Pramanik et al. [47], analyzing the influence of climatic and
bio-climatic factors on the spread of COVID-19 in Russia, suggest that temperature, wind
speed and humidity had an impact on the intensity of COVID-19 transmission. Similar
conclusions were reached by Ahmadi et al. [51] examining climatological parameters to
determine the COVID-19 outbreak in Iran, indicating that wind speeds, humidity and
exposure to solar radiation were associated with a high infection rate, favoring the survival
of the SARSA-COVID-2 virus. Coro [48] proves that a high COVID-19 infection rate is
associated with CO 2 levels, as well as air temperature and rainfall (or air humidity).

1.2. The Energy-Climate-Wellbeing

Urgent and significant climate change mitigation will help protect human health from
the worst of these impacts, and a comprehensive and ambitious response to climate change
could change the state of global health [52]. Energy as a policy field is almost a classic cross-
cutting topic, closely related to climate, social and environmental policy [53,54]. It turns out
that balancing the effects of climate change, sustainable development and environmental
protection, as well as improving social welfare are becoming inextricably linked with en-
ergy production and supply [55]. As shown by the existing research results, improvement
of energy efficiency, reduction of greenhouse gas emissions, dissemination of renewable en-
ergy, or access to clean energy are important indicators of climate change, health and social
well-being [9,56-67]. These elements are interrelated and should be given priority [68]. As
noted by Kettner et al. [58] individual countries are characterized by very specific energy
systems (supplemented with specific social structures), which determines the challenges
that each country must overcome on the path to decarbonization and sustainable develop-
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ment. Bhardwaj et al. [57] make it clear that energy systems, in addition to fuels, conversion
technologies, distribution infrastructure and electronics, are part of wider chains linking
systems to resources, natural cycles, and institutional and social solutions. This means
that energy decisions have multiple non-energy implications in many aspects of society.
Santika et al. [59] argue that energy is a key factor in achieving the SDGs, as energy plays
a key role in eradicating poverty and hunger, providing healthcare, education and water,
as well as maintaining economic growth and protecting the environment. Wang et al. [61]
assessing and comparing the energy and environmental performance of selected countries,
state that improving energy efficiency is of key importance for the climate. Moreover, it is a
proven way to cost-effectively reduce greenhouse gas emissions, increase economic activity
and improve resource productivity. On the other hand, Urban and Nordensviard [62]
proved that low-carbon energy transformation is important for mitigating climate change,
reducing air pollution and reducing fossil fuel depletion. The transition to low carbon
energy means the transition from a country’s economic activity based on fossil fuels to an
economy based (partly) on renewable and low carbon energy. This is by replacing fossil
fuel-based technologies with low carbon technologies. Hajdukiewicz and Pera [63] em-
phasize that renewable energy, and in particular the development of the solar panel sector,
plays a very important role in the aspect of energy security, ecology and climate change
management. Similarly, Bertheau [60] believes that renewable energy technologies (solar
energy and batteries) have significant potential not only in terms of improving sustainable
development but also in terms of reliability while reducing energy costs.

The global climate system is now under pressure from increasing global average
temperatures. Natural events and human activities are believed to contribute to global
warming and climate change by enhancing the natural “greenhouse effect” [69]. This is
mainly due to the increase in greenhouse gas (GHG) emissions such as carbon dioxide
(COy), water vapors (H,O), methane (CHy), chlorofluorocarbons (CFCs) etc. [70,71]. A
planet warming up due to high concentrations of greenhouse gases leads to changes in the
climate [72]. It is pointed out that the largest single source of greenhouse gas emissions in
the world, producing an estimated 72% of all greenhouse gas emissions, is the combustion
of fossil fuels [73,74]. 66% of these emissions come from the energy sector, from heat
and electricity production [67]. A step towards a low-emission life brings health benefits
that will improve the quality of life and reduce the effects of air pollution [75]. It is
estimated that 300 to 700 million premature deaths could be avoided each year if the World
Health Organization (WHO) minimum air cleanliness standards were applied in practice.
According to WHO statistics, environmental conditions are responsible for a quarter
of deaths due to respiratory diseases and other infectious diseases [76]. Unfortunately,
1.2 billion people worldwide do not have access to electricity, and 2.7 billion people depend
on burning unsustainable and ineffective solid fuels [67]. A rapid transition to renewable
energy as well as a mission-free replacement for fossil fuels would bring direct climate and
health benefits now and minimize future health burdens [77,78]. Where renewable energy
sources displace fossil fuels (especially coal), morbidity and mortality from air pollution
are reduced [67,79].

1.3. Conceptual Framework

The SDGs are conceived as an “indivisible whole” [80]. However, as the results of the
research conducted so far show, the implementation of individual sustainable development
goals may be based on synergy (progress in one goal favors progress in another) or
compromise (progress in one goal hampers progress in another) [3,81,82]. The assessment
of potential synergies and trade-offs between the SDGs is considered to be one of the
most urgent research priorities for SDGs [83]. Omitting synergies and trade-offs in the
assessment and planning processes related to the achievement of individual SDGs carries
the risk of sub-optimal or even unfavorable results [84]. Although there are a number of
studies in this field [80,81,83,85-103] covering different contexts, so far little attention has
been paid to the links between actions taken to combat climate change and its impacts and
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actions to improve health and social well-being. Our research has the potential to help fill
this important gap and increase our understanding of the interactions between these goals.

The implementation of the SDGs varies significantly from country to country due to
various factors, including social, economic, environmental, and political and institutional.
It should be emphasized, however, that it is largely the result of actions adopted by
governments that favor the achievement of two or more goals of sustainable development
at the same time [104]. Therefore, we believe that there is an urgent need for research to
understand how individual EU countries perceive the Sustainable Development Goals,
which call for urgent action to address climate change and to improve health and social
well-being. Understanding the extent to which these objectives are being met and how
they are related to each other is critical to the formulation of good policies and more
effective actions and funding to support their implementation. One of the messages in
this review is that the success of each of the two goals will largely depend on the other
and on the ability of countries to develop and implement programs and actions to meet
climate, health and social well-being goals in an integrated, coordinated and comprehensive
manner [105]. It should be noted that the deadline for implementing the SDGs is about
to expire. This research may constitute the basis for changing the priorities adopted so
far and intensifying the actions for which individual EU countries lag the most. The aim
of our research is to compare the degree of achievement of the sustainable development
goals in the scope of goal 13 “Climate action” and goal 3 “Good health and well-being”
in EU countries. In addition, we analyze how trade-offs and synergies between these
goals have developed. Our choice of Sustainable Development Goals is motivated by
the earlier findings that future health and social welfare will depend on action taken to
tackle climate change and in particular on the implementation of an appropriate energy
policy. We assumed that SDG3 is the overriding goal of sustainable development and the
implementation of other goals, including SDG13, should lead to the achievement of a high
level of SDG3 [106]. We believe that trying to describe and establish the statements in
which progress in SDG13 implementation affects progress in SDG3 implementation may
be particularly useful when combined with data collected systematically across countries
to monitor progress towards SDGs. There is no doubt that actions in the field of climate
change and the improvement of health and social well-being must be integrated in order to
solve the greatest problems of the modern world in a holistic manner. To achieve the desired
results, policy makers need to understand the feedback and interactions between climate
and well-being. This will help them avoid unanticipated results when implementing their
sustainable development initiatives.

2. Materials and Methods
2.1. Materials

In this article, we use a set of indicators that represent the two goals of SDG3 and

SDG13 sustainability.
The following indicators were distinguished under SDG3 “Good health and well-

being”:

1. Life expectancy at birth by sex (years).

2. Share of people with good or very good perceived health by sex (% of population

aged 16 or over).

Smoking prevalence by sex (% of population aged 15 or over).

4.  Standardized death rate due to tuberculosis, HIV and hepatitis by type of disease
number (per 100,000 persons).

5. Standardized preventable and treatable mortality number (per 100,000 persons aged
less than 75 years).

6.  Self-reported unmet need for medical examination and care by sex (% of population
aged 16 and over).

7. Obesity rate by body mass index (BMI) (% of population aged 18 or over).

8. People killed in accidents at work, by sex (number per 100,000 employees).

®
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9.  Population living in households considering that they suffer from noise, by poverty
status (% of population).

10. People killed in road accidents (per 100,000 persons).

11. Exposure to air pollution by particulate matter (g/m3).

While SDG13“Climate action” includes indicators:

Greenhouse gas emissions (tons per capita).

Greenhouse gas emissions intensity of energy consumption (index 2000 = 100).

Mean near-surface temperature deviation (degree Celsius).

Climate related economic losses by type of event—EU aggregate (million EUR and

EUR per capita in current prices).

5. Contribution to the international 100bn USD commitment on climate related expend-
ing (million EUR in current prices).

6. Population covered by the Covenant of Mayors for Climate & Energy signatories
(% of population).

7. Share of renewable energy in gross final energy consumption by sector (%).

Average CO, emissions per km from new passenger cars (g CO, per km).

9.  Global mean ocean Surface acidity.

The information contained in the Eurostat database [107] for the years 2010 and 2018
for 28 European Union Member States was used to achieve the goal.

L

*

2.2. Methods

Linear ordering methods are used to evaluate multi-feature objects (e.g., countries) and
allow them to be ranked, according to a specific general criterion, from “best” to “worst”.
This criterion is treated as a property of the examined objects and is a complex phenomenon.
Socio-economic research very often examined phenomena that are not directly measured.
Sets of diagnostic features are used then, measured on various measuring scales. Linear
ordering of objects is obtained on the basis of a feature called aggregate or synthetic, which
is created by aggregating the initial features describing the tested objects.

The synthetic feature creation procedure is a multi-step process and includes [108]:

e  Selecting of simple features—important from the point of view of the studied phe-
nomenon, measuring them for the tested objects and preparing a final list of features
by removing features with low variability and features overly correlated with others;

e  Determining the direction of preferences of simple features in relations to the general
criterion under consideration and normalizing the values of variables for objects;

e Choosing the appropriate aggregation method and determining the value of a syn-
thetic development measure for each object;

Construction of the object ranking;
Recognition of developmental types, substantive assessment and interpretation of
obtained results.

The first step in creating a synthetic feature is to establish a set of diagnostic fea-
tures. There are two approaches to this issue—non-statistical (substantive) and statisti-
cal [108]. The substantive approach is based on the qualitative assessment of the studied
phenomenon, considering economic knowledge and theory. The statistical approach is
designed to limit the set of diagnostic features and exclude those features that do not fully
characterize the examined objects in terms of the adopted criterion. Analysis of variability
and correlations between features is often used.

It is important that the features show adequate variability, i.e., they effectively dis-
criminate against objects. The variation coefficient is used to assess the variability of the
values of the features: s

o = —£ x 100% 1)
Xk

where: xX;—arithmetic mean of the k-th feature, sy—standard deviation of the k-th feature.
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The research eliminates those features for which the absolute value of the coefficient
of variation is below a certain arbitrary threshold value. The most common value is 10%.

Another condition that diagnostic features should meet is the lack of correlation
between features. Therefore, from the set of potential features, features strongly correlated
with others should be eliminated, because they are a carrier of similar information.

The set of diagnostic features is the basis for further analysis, in which the nature of
the features should be determined, i.e., stimulants, destimulants and nominants should be
distinguished. The stimulant is a feature in which higher values indicate a better condition
of the object in a given context, while the destimulant is a feature in which lower values
indicate a better situation of the object in a given respect. Nominations are the type of
variables that are stimulants in one range of a variable and stimulants in another. Desirable
(optimal) values should be defined for the nominants [109]. After recognizing the nature
of the features, they must be transformed; most often destimulants are converted into
stimulants by means of differential or quotient transformations.

The next stage of building the synthetic feature is the normalization of features. It
leads to deprivation of physical units of measurement results and unification of orders of
magnitude. The literature contains many proposals for these methods and discussions on
the criteria for their selection. The rest of the work will present those normalizing formulas
that relate to stimulus traits.

The zero-unitization formula have been used in this work [110]:

Xik — mkin Xik <

max X 7 min xik> 2)

% = nax xz — min x; k
i ik 3 ik

where: z;;—standardized value of the j-th feature for the i-th object; mlin X;j—minimum
value of the k-th variable; rnlax Xjj—maximum value of the k-th variable; k—number of

variable.

In the zero unitarization method, a constant reference point is assumed—the range of
the normalized variable. The use of this method makes the range of the normalized feature
constant and amounts to one. The normalized feature assumes values in the range 0-1.
Moreover, this method makes it possible to normalize the features taking positive, negative
and zero values.

To assess the degree of implementation of selected sustainable development goals in
the European Union countries, the TOPSIS (Technique for Order Preference by Similarity to
an Ideal Solution) position approach was used. The classic version of the TOPSIS method
was developed by Hwang and Yoon [111] and is one of the best-known techniques for
solving multi-criteria decision problems with a finite number of alternatives. The TOP-
SIS method and its modifications have found wide application in many issues [112-116],
e.g., in supply chain management and logistics, business and marketing management,
human resources management, energy management, water-resources management, envi-
ronment [117].

The linear ordering method using the pattern and non-pattern is the TOPSIS method [111].
It consists in calculating the Euclidean distances of each assessed object from both the pat-
tern and non-pattern of the development, which distinguishes it from the Hellwig method,
which only considers the distance from the development pattern [108]. The coordinates of
the model units are set—development pattern and non-pattern. The values of the pattern
(A™) and non-pattern of development (A ™) are defined as [108,109,118]:

AT = <max(zi1), max(zpp), ..., max(zy) | = (2,25, ..., %)
1 1 1
@)

A = (nzin(zil),rrzin(ziz), .., miin(zik), = (27,25, ---.,2%)
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If zero unitarization is used as the normative formula, it is:

zt=(1,1,...,1)z7 =(0,0, ..., 0). (4)

Calculating the Euclidean distances of each object from the reference and anti-reference
is made according to the formulas:

i=1,..., n. (5)

While the value of the synthetic feature is determined as follows [115]:

- P 6
s ©®)
wherein: 0 < y; <1, i=1,2,..., n.

The smaller the distance of a given object from the development pattern, and thus
greater than the development anti-reference, the closer the value of the synthetic feature.

3. Results

Taking into account the postulates that should be met by diagnostic variables, i.e.,
strong variability and weak correlation, as well as the availability of data in the Eurostat
database for all surveyed countries in 2010 and 2018, the variables presented in Table 1
were selected for the study.

Table 1. Set of variables accepted for the study.

SDG3
X Share of people with good or very good perceived health by sex (% of population
2 aged 16 or over).
X3 Smoking prevalence by sex (% of population aged 15 or over)
X Self-reported unmet need for medical examination and care by sex (% of population
6 aged 16 and over).
Xs People killed in accidents at work, by sex (number per 100,000 employees).
X Population living in households considering that they suffer from noise, by poverty
? status (% of population).
SDG13
X1 Greenhouse gas emissions (tons per capita).
Xy Greenhouse gas emissions intensity of energy consumption (index 2000 = 100).
x Population covered by the Covenant of Mayors for Climate & Energy signatories
6 (% of population).
X7 Share of renewable energy in gross final energy consumption by sector (%).

The identified variables meet the above postulates, and are also expressed as indicators,
therefore they can be used as the basis for comparisons of EU countries. Table 2 presents
the values of the basic descriptive parameters in 2010 and 2018 for the indicators defined
in goal 3.
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Table 2. Values of descriptive parameters in 2010 and 2018 regarding indicators defined in SDG3.
Variables
Specification X, X3 Xs Xs X
2010 2018 2010 2018 2010 2018 2010 2018 2010 2018
Mean 66.03 67.08 29.57 25.71 3.49 2.75 2.62 1.87 18.57 16.44
Median 67.50 68.90 30.00 26.50 1.90 1.85 2.47 1.93 18.35 17.00
Max 83.30 84.10 42.00 37.00 15.10 16.40 4.93 4.49 31.60 28.20
Min 47.70 44.00 21.00 7.00 0.10 0.10 0.62 0.45 9.50 8.00
St. Dev. 10.15 9.83 5.79 6.67 3.75 3.39 1.23 0.96 5.65 5.68
Variation coefficient 15.37 14.65 19.60 25.94 107.70 123.12 46.74 51.31 30.45 34.56
Skewness —0.40 —0.86 0.02 —0.52 1.69 2.75 0.23 0.60 0.51 0.45

All variables are characterized by strong or very strong volatility. The distributions
of most of the variables show a strong right-hand asymmetry. The distribution of one
variable—Xg in both analyzed years is characterized by a very strong right-hand asymmetry.
Right-hand asymmetry means that in most of the studied EU countries, higher values of the
variables were observed compared to their arithmetic means. The exception is the variable
X5 in both examined years, which is asymmetric in the left-hand direction. This means that
the percentage of people in good or very good health in most of the countries surveyed was
higher than the average percentage. A total of 84.1% of the Irish population declared good
or very good health—the highest percentage among the countries surveyed. On the other
hand, Lithuania had the lowest percentage of the population (44%) of variable X;. In 2018,
an increase in the asymmetry strength of the X, variable was observed. In the case of the
distribution of the X3 variable, i.e., the percentage of the population aged 15 and over, who
reported smoking cigarettes, cigars, cigarillos or pipes during direct home interviews, a
change in the direction of asymmetry from the right-hand side in 2010 to the left-hand side
in 2018 was observed. In 2010, in most of the countries surveyed, the percentage of people
declaring smoking was lower than the average percentage, and in 2018—higher. In 2018,
the average percentage of smokers and the values relating to the minimum and maximum
value of the X3 variable decreased (e.g., in Sweden the percentage of smoking decreased
from 26% in 2010 to 7% in 2018, while only three countries saw an increase percentage, e.g.,
in the Czech Republic, an increase by 3 pp was recorded from 26% to 29%. Table 3 presents
the values of the basic descriptive parameters in 2010 and 2018 concerning the indicators
defined in goal 13.A comparative visualization of the distribution of the values of features
related to SDG13 is presented in Figure 1.

Table 3. Values of descriptive parameters in 2010 and 2018 regarding indicators defined in SDG13.

Variables

Specification Xq X, X6 X-
2010 2018 2010 2018 2010 2018 2010 2018
Mean 10.19 9.23 94.99 83.91 18.99 42.12 15.92 21.07
Median 9.50 8.40 92.60 84.20 20.30 42.30 12.88 17.32
Max 25.50 20.30 124.90 102.80 44.20 91.50 46.96 54.65
Min 5.80 5.40 83.40 57.60 0.02 3.80 0.98 7.39
St. Dev. 3.98 3.31 9.47 9.37 11.57 19.97 10.92 11.80
Variation coefficient 39.05 35.83 9.97 11.17 60.97 47 .41 68.63 56.01
Skewness 2.20 1.59 1.67 -0.71 —0.02 0.30 0.93 1.13
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Figure 1. Distribution of the value of features for SDG13.

In the case of the variables related to the achievement of goal 13 related to Climate
action, their strong or very strong variability was observed. The variable X, is characterized
by the weakest variability (approx. 10%), and the variable Xy;—the strongest (from 56% to
approx. 67%). Two of the variables (X; and X7) show a very strong right-hand asymmetry
in each of the examined years. The distribution of the X, variable defining the percentage
of the population covered by the signatories of the Covenant of Mayors for climate and
energy in the year showed a very weak left-hand asymmetry, while in 2018 both the
direction and strength of the asymmetry changed—to a moderately strong right-hand
direction. The average percentage of the population covered by the Agreement increased
significantly from 19% to 42% in 2018 (e.g., in the case of Belgium, the tested variable
increased its value from 19.3% in 2010 to 91.5% in 2018). In 2018, there was a decrease
in the average value of variable X, compared to the value in 2010. However, in some
countries, greenhouse gas emissions still increase (e.g., in Lithuania in 2018 there was an
increase in emissions by 2.8 pp compared to the emissions in 2010). The largest decrease in
greenhouse gas emissions was recorded in Malta—42.4 pp compared to emissions in 2010
and in Denmark—by 32.8 pp. A favorable change was also noted in relation to X;—the
average share of renewable energy in final energy consumption increased by 5.1 pp. The
highest percentage was recorded in Sweden both in 2010 (46.96%) and in 2018 (54.65%).
Additionally, in another Scandinavian country, Finland has seen an increase in the share of
renewable energy in final energy consumption, from 32.44% in 2010 to 41.16% eight years
later. The largest increase in the share of renewable energy in final energy consumption
was recorded in Denmark—by 13.82 pp from 32.44% in 2010 to 35.71% in 2018. However,
only in the case of Hungary there was a decrease in the share of renewable energy in the
final energy consumption from 12.74% in 2010 to 12.49% in 2018.

The next stage in creating a linear ordering of the EU countries with regard to the
implementation of the SDG3 and SDG13 goals was to transform the characteristics con-
sidered as destimulants into stimulants and to perform the normalization, which leads to
the deprivation of physical units of measurement results and the unification of orders of
magnitude of features. The destimulants adopted in this study are presented in Table 4.
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The increase in the value of these variables leads to the deterioration of the situation of
countries in terms of achieving specific goals.

Table 4. Destimulants adopted in the study.

SDG3
X3 Smoking prevalence by sex (% of population aged 15 or over)
Xg Self-reported unmet need for medical examination and care by sex (% of population
aged 16 and over).
Xg People killed in accidents at work, by sex (number per 100,000 employees).
Xo Population living in .households considering that they suffer from noise, by poverty
status (% of population).
SDG13
X1 Greenhouse gas emissions (tons per capita).
Xy Greenhouse gas emissions intensity of energy consumption (index 2000 = 100).

The transformation of variables into stimulants was performed by means of a quotient
transformation, determining the inverse value to the value of destimulant. Then the
variables were normalized by means of zero unitarization. The normalized valuesof the
variables made it possible to calculate the distance of each country in the European Union
from the positive and negative ideal solutions. Then the TOPSIS method was used to
calculate the values of a synthetic measure of the degree of achievement of the third and
thirteenth goals for EU member states in the two years 2010 and 2018. The results of
organizing the countries are shown in Table 5.

Using the Kendall rank correlation coefficient [119], the consistency of country order-
ings was determined. A statistically significant correlation was obtained only in the case
of examining the relationships between the positions of countries due to the implemen-
tation of SDG13 in 2010 and 2018. The value of the Kendall rank correlation coefficient
in this case was 0.635. It is a positive correlation, so the countries that in 2010 had a
better position in ordering due to the implementation of SDG13 also in 2018 had a better
position. Twelve countries improved their place in order. The greatest positive change
was noted in Greece—an improvement by 12 places and Bulgaria—by 7. Sixteen countries
recorded a deterioration in the position in 2018 compared to the place in 2010. The biggest
difference was in Germany—a decrease by 9 places and France—by 6 places. In the case
of the remaining countries for which a decline in the ordering items in terms of SDG13
implementation was observed, the differences most often concern three or four items (e.g.,
Poland, Romania, Czech Republic and Estonia). The lowest (28) position in both analyzed
years was occupied by Luxembourg, and the highest (from second to first) and slightly
worse—in Latvia (drop from first to second). In the case of Luxembourg, in both analyzed
years the values of the indicators in relation to SDG13 were very low. This country has
the highest greenhouse gas emissions per capita. The per capita GHG emissions dropped
from 25.5 tonnes to 20.3 tonnes over the period under review, but Luxembourg continues
to emit the largest amount of GHG per capita among the countries surveyed. In addition,
Luxembourg has the lowest percentage of the population covered by the Covenant of
Mayors for Climate and Energy. Participation in the Agreement plays an important role
in taking measures to increase energy efficiency and use renewable energy sources. The
purpose of the Agreement is, inter alia, a reduction of at least 40% of CO, emissions by 2030.
In addition, when analyzing the situation in Luxembourg, a very low share of renewable
energy in gross final energy consumption by sector (%) was recorded, compared to 2010,
this percentage increased by slightly more than 6 pp. but it is one of the lowest. Sweden
moved up from second to first place. This country has the lowest value of green house gas
emissions (tonnes per capita). Compared to the amount of emissions in 2010 it decreased by
18%. Since 2010, green house gas emissions intensity of energy consumption has decreased
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by an average of 3.35 percentage points each year. Of all the countries surveyed, Sweden
also has the highest share of renewable energy in gross final energy consumption by sector,
which is 2.5 times higher than the average for all countries.

Table 5. Ranking of EU countries according to the degree of implementation of SDG3 and SDG13 in
2010 and 2018.

Rank of Countries in Terms of Achieving

Countries SDG3 SDG13
2010 2018 Change 2010 2018 Change

Austria 24 5 0 13 16 4
Belgium 10 17 i 18 13 T
Bulgaria 18 14 T 27 20 T
Croatia 23 8 0 4 6 4
Cyprus 21 6 0 25 21 0
Czech Republic 13 21 4 20 24 4
Denmark 11 15 4 8 3 T
Estonia 16 11 T 15 19 +
Finland 5 12 3 11 7 T
France 22 24 4 9 15 4
Germany 9 16 + 16 25 +
Greece 8 19 4 23 11 0
Hungary 19 7 T 7 12 +
Ireland 4 4 - 21 23 +
Italy 17 10 T 12 8 T
Latvia 28 26 0 1 2 i
Lithuania 25 27 L 17 14 T
Luxembourg 7 20 1 28 28 -
Malta 15 2 T 10 4 T
Netherlands 1 3 + 22 26 +
Poland 27 25 T 24 27 +
Portugal 20 28 4 3 5 +
Romania 26 23 0 6 9 +
Slovakia 14 18 4 19 22 4
Slovenia 6 22 + 14 17 i
Spain 12 9 0 5 10 J
Sweden 3 1 T 2 1 T
United Kingdom 2 13 + 26 18 T

Certain regularities were noticed in the analysis of the implementation level of SDG3.
For some countries (e.g., Austria, Croatia and Cyprus) a significantly better position
was observed in 2018. On the other hand, for countries such as Slovenia, Luxembourg
or Greece, a deterioration in the ordering position was noted. The best positions were
recorded for two countries, i.e., Sweden and the Netherlands, and the worst—for Latvia,
Poland and Portugal. The most favorable situation was in Sweden—a change from third
to first place, and in the Netherlands—a drop by two places from first to third. Sweden
owes its very good position in the linear ordering of countries in 2010 and 2018 to the
values of all indicators related to SDG3. Attention should be paid to the low percentage
of the population aged 15 and more reporting smoking, which has the lowest value in
both analyzed years (a decrease by 9 percentage points from 16% in 2010 to 7% in 2018).
In addition, in the case of indicators such as: X¢—self-reported unmet need for medical
examination and care by sex (% of population aged 16 and over) or Xg—people killed
in accidents at work, by sex (per 100,000 employees), a significant decrease was noted
values (in the case of Xg—the decrease was 0.33% from 1.23 to 0.9 per 100,000 employees).
Portugal was last in the ranking in 2018. In eight years, her position has deteriorated by
eight places. In both analyzed years, the value of the share of people with good or very
good perceived health by sex ratio (% of population aged 16 or over) remained at the same



Energies 2021, 14, 2025

13 of 20

very low level—49.3%. A high value was also noted for the share of people with good or
very good perceived health by sex (% of population aged 16 or over) indicator, amounting
to almost 3%, which is more than 1.6 times higher than the average value for all surveyed
countries. In the analyzed period, the value of the percent age of population living in
households considering that they suffer from noise, by poverty status did not improve.
In both analyzed years, the value of this indicator was almost 23% and was on average
2.6 times higher than the lowest values (e.g., in 2018 compared to Croatia).

4. Discussion

In this study, we put tackling climate change and its impacts, and improving health
and social well-being at the heart of the 17 SDGs. We argue that focusing more attention
on the parallel and effective implementation of SDG3 and SDG13 goals will create better
conditions for the transformational changes needed to achieve sustainable development
faster. This is especially important today, when the whole world is facing both the climate
crisis and the health crisis. The Covid-19 pandemic has shown that currently no country in
the world meets the needs of its population in terms of health and social well-being. In
addition, a lack of effective climate action can exacerbate the emergence of more frequent
infectious disease outbreaks and enhance other health impacts related to environmental
threats, thereby reducing the vulnerability of entire societies to various pathogens.

Looking to the future, the SDGs aim to address the complex and multidimensional
challenges of social, economic and environmental sustainability [120]. According to the
current development paradigm, SDG goals are characterized by both positive and negative
interactions [121]. In this study, we show how the degree of achievement of the SDG3
and SDG13 goals differs and what the interactions between them are in the EU countries.
The results show that in the implementation of the SDG3 and SDG13 objectives in the
EU countries, three phenomena are noticeable—synergy, compromise and concurrency.
Synergy means that improving the degree of achievement for one goal fosters progress
in another. Compromise means that progress towards one goal hampers progress on
another. In turn, concurrency is manifested by a simultaneous decrease in the progress
in the implementation of both SDGs. Synergies between the SDG3 and SGD13 objectives
were recorded in only five countries, i.e., Bulgaria, Cyprus, Italy, Malta and Sweden. In
these countries, in 2018, compared to 2010, there was an improvement in the effectiveness
of the implementation of actions taken to counteract climate change and its effects, with
a simultaneous improvement in health and social well-being. A group of these countries
significantly improved indicators relating to health and public access to healthcare. At the
same time, greenhouse gas emissions and their intensity decreased in these countries, and
the share of renewable energy use increased. The effectiveness of the implementation of
these activities in this group of countries varied. Bulgaria, despite the improvement in
the effectiveness of achieving the SDG3 and SDG13 goals, still ranks low in the ranking
of EU countries, in particular in the case of SDG13. Cyprus made significant changes in
its efforts to improve health and social well-being, occupying the 6th position among the
EU countries, while slightly improving the effectiveness of achieving the SDG13 objectives
(from 25th to 21st position). Italy was in the top ten in the ranking of EU countries and the
effectiveness of achieving the SDG3 and SDG13 goals improved significantly in this country.
The greatest improvement in the effectiveness of achieving the SDG3 and SDG13 targets
was recorded in Malta. In turn, Sweden ranks first in the ranking of EU Member States in
terms of the effectiveness of achieving goals related to both climate change and health and
social well-being. This is due to the fact that this country has adopted ambitious and stable
environmental policies that are characterized by broad social and political acceptance,
long-term horizons and a fairly high degree of environmental integration or environmental
policy in other policy areas [91]. Sweden has also adopted a number of decisions, strategies
and action plans which have priority for human health. These activities focus, inter alia,
on: (a) Social sustainability and reduced health inequalities throughout the life cycle, from
early life to old age. Gender equality and nondiscrimination are of central importance; (b)
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preventing ill health by reducing the prevalence of risk factors for ill health; (c) promoting
health by working for more healthy societies in order to strengthen people’s physical,
mental and social well-being and facilitating good lifestyles; (d) improving access to basic
health services for good health and health equity for all; and (e) the development and
reinforcement of health systems that are effective, sustainable and resilient in economic,
environmental and social terms and have effective and fair financing [122].These activities
undoubtedly contribute to the great success of this country in achieving the sustainable
development goals related to climate and health.

In other EU countries, there was a compromise or concurrency, manifested by a
simultaneous decline in the effectiveness of achieving the SDG3 and SDG13 goals. Kroll
et al. [3] prove that when the SDG13 is linked to other SDG objectives, compromises are
a common precedent. In turn, Kettner et al. [84] suggest that especially the achievement
of goals in the social and environmental dimensions is often regarded as contradictory or
even mutually exclusive.

Our analysis reveals that the implementation of the SDG3 and SDG13 goals in most
EU countries (15) was manifested by a compromise between them (Figure 2). In 9 countries,
this compromise focused on improving efficiency in meeting the health goal and generating
wealth at the expense of environmental sustainability. Countries such as Austria, Croatia,
Estonia, Hungary, Ireland, Latvia, Poland, Romania and Spain provided varying degrees of
better social welfare, but reduced significantly the effectiveness of climate change measures.
Among these countries, Austria, Croatia and Hungary rank high in the ranking of EU
countries in terms of improving the effectiveness of SDG3 implementation, which means
that they are much closer to achieving them than the other countries. In the remaining
EU countries (6) where there was a trade-off between the achievement of the SDG3 and
SDG13 goals, as they managed to improve the achievement of climate change goals,
the implementation of actions related to the improvement of health and social welfare
deteriorated. The greatest improvement in the effectiveness of SDG13 in these countries
was recorded in Denmark and Greece.

[
[ synergy N,

[ simultaneous decline

| compromise

~
s

Figure 2. Map of synergies and compromises in the implementation of the SDG13 and SDG3
sustainable development goals in EU countries.

In 8 EU countries, a simultaneous decline in the effectiveness of the implementation of
the SDG3 and SDG13 goals was recorded. The ranking of EU countries in terms of improv-
ing the effectiveness of the implementation of the sustainable development goals in the
area of health and well-being and counteracting climate change and its effects shows that
Poland, as one of the few EU countries, next to the Czech Republic and Luxembourg, lags
far behind the effective implementation of these goals. Despite the fact that in Poland there
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has been a slight improvement in the implementation of SDG3, the country still ranks very
low in the ranking of EU countries in terms of the effectiveness of achieving goals related
to climate change and health and social well-being. The low degree of implementation of
individual activities under the SDG3 and SDG13 objectives may seriously jeopardize the
implementation of the 2030 Agenda, which emphasizes the need to support innovation and
policies that can make our cities and communities more sustainable, as well as strengthen
social transformation and stimulate a number of institutions to act in the field of climate,
health and social well-being [3,81].

5. Conclusions

For the research presented in this article, we compiled a comprehensive set of indica-
tors for two of the 17 SDGs—SDG3 “Good health and well-being” and SDG13 “Climate
action”, and ranked the 28 EU Member States to illustrate their progress towards effective-
ness the achievement of these goals and the interaction between them.

The presented study showed the diversity in the implementation of the sustainable
development goals relating to the improvement of health and social well-being as well as
the fight against climate change and its effects in the EU countries.

First, the study provides evidence that only a few EU countries have seen significant
improvements in the implementation of measures to improve health and social well-being
and to combat climate change and its impacts. It has been shown that in 2018, compared to
2010, the degree of SDG3 implementation in thirteen EU countries improved. The countries
such as Austria, Croatia, Cyprus, Hungary, Malta and Sweden improved their position in
the implementation of SDGS3 to the greatest extent. In these countries, indicators describing
access to healthcare and good health of the population improved significantly. Among
the 28 EU countries, eleven of them improved the degree of SDG13 implementation, of
which the largest changes were recorded only in four countries, i.e., Denmark, Greece,
Malta and Sweden. The study shows that energy policy plays a huge role in improving the
effectiveness of SDG13 implementation.

Secondly, the study showed that, in practice, synergy in achieving SDG3 and SDG13
objectives in EU countries is of low priority. Policymakers in many countries have limited
ambition to fruitfully combine these specific social goals (SDG3) with environmental
goals (SDG13). The implementation of these goals in most EU countries is based on a
compromise rather than a synergy. Specifically, the analysis found that in fifteen EU
countries, improvement in one target came at the expense of another. EU countries that
showed synergy between the implementation of the SDG3 and SDG13 objectives can be
an example for others. These countries show that the effective implementation of actions
to improve health and social welfare went hand in hand with actions taken to counteract
climate change and its consequences. This is particularly important for those countries
where climate change and the improvement of health have not yet been identified as
priorities in achieving the SDGs.

Finally, our study provides evidence that apart from the phenomenon of synergy
and compromise, there may be a phenomenon characterized by a simultaneous decrease
in the effectiveness of achieving both objectives. This is quite a worrying phenomenon
considering that both climate change and health and social well-being should be among
the top priorities in all Member States in order to boost the process of social, economic and
environmental sustainability.

Our findings contribute to contemporary debates on the effectiveness of the implemen-
tation of individual SDGs and the growing importance of interactions between environmen-
tal and social SDGs, including SDG3 and SDG13. This study proves that decision-makers
from many EU countries will have to deal with the dilemma of the urgency of achieving
individual SDGs without jeopardizing the achievement of other goals. Urgent coordination
of actions aimed at improving health and social well-being as well as counteracting climate
change and its effects may have a positive impact on the success of the implementation of
other sustainable development goals.
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The conducted research does not fully solve the problem of the interaction between
the SDG3 and SDG13 goals. Future research in this area should repeat the existing ones
in order to identify further actions in individual EU countries in achieving the SDG3 and
SDG13 objectives and interactions between them. This is important because of the high
volatility of social, economic and environmental conditions currently facing all countries
in the world. In particular, it is worth analyzing how the COVID-19 pandemic influenced
the achievement of these goals and their interaction. In particular, whether it was an
impulse to intensify actions in the field of health and climate or, on the contrary, it inhibited
their implementation. It is also important to pay attention to the potential impact of the
energy transition processes from the perspective of the impact on climate, health and social
well-being. There is also a need for more in-depth research to establish the mechanisms,
direction and causality underlying the achievement of SDG3 and SDG13 objectives and
their interactions. Filling the gap in this area will additionally provide the basis for creating
an evidence-based sustainable development policy.
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