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a Gdańsk Uniweristy of Technology, Faculty of Management and Economics, Traugutta 78, Gdańsk, Poland 
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A B S T R A C T   

Sustainable development is one of the most urgent challenges facing humanity. Its basic principle is to improve 
people’s well-being and maintain it over time. In 2015, the United Nations approved 17 sustainable development 
goals (SDGs) to ensure a better and sustainable future for all, balancing economic, social and environmental 
development. SDGs create an ‘indivisible whole’; thus, examining their interactions is crucial. Our goals were 
twofold: (i) to assess the implementation degree of SDGs in EU countries and (ii) to examine the interactions 
between goals. The potential to achieve a given SDG is approximated by a composite indicator, calculated based 
on an innovative method of implementing tools derived from sensitivity analysis (SA). Respecting the degree of 
variability of individual variables and their correlation, we set the weights to equalise their importance. 
Moreover, the application of SA allows us to remove strongly correlated variables that are not transferring 
supplementary information. We use countries’ linear ordering and Spearman’s rank correlation coefficient to 
assess interactions between SDGs. 

Our research shows that Scandinavian countries predominately occupy the leading positions, respectively, 
eight times on the podium for Sweden and four by Denmark (of which three as a leader). The Netherlands also 
stands out, occupying the superior position in the performance of SDGs 2, 3, 5, 8, 9, 12 and 17. The top in 
achieving one of the most priority area – no poverty (SDG1) belongs to Czechia. Our study confirmed the results 
obtained by many researchers regarding the more potent synergy between SDGs compared to the trade-offs. The 
only trade-offs observed in our study relate to SDG15, which negatively correlated with SDG3 and 17. 
Furthermore, SDG7 was the only one not associated with others.   

1. Introduction 

On September 15, 2015, the United Nations (UN) adopted a 
comprehensive development plan, “2030 Agenda for Sustainable 
Development”. Thus, all 193 UN Member States have committed 
themselves to take action to achieve 17 Sustainable Development Goals 
(United Nations, 2022).2 The Agenda focuses on five overlapping as-
pects that are vital to humanity and the planet (the so-called 5xP): 
People (SDGs 1–5), Planet (SDGs 6–7 and 13–15), Prosperity (SDGs 
8–12), Peace (SDG16) and Partnership (SDG17) (Agenda, 2015). The 
Agenda’s recommendations should be translated into an effective policy 

embedded in each country’s specific resources and conditions (Bellan-
tuono et al., 2022). The diversity of patterns’ implementation in a given 
country determines the array of similarities and differences between 
goals. Problems emerging in sustainable development research are often 
tough to overcome, as SDGs cover various issues which are arduous to 
define and quantify (Łuczak and Just, 2021). 

Despite the cognisance that the SDGs are essential to humankind, 
their implementation in different countries is progressing at diverse 
rates (Yang et al., 2020). Sachs et al. (2021) emphasised that poverty 
eradication (SDG1) and equality enhancement (SDG5) are top priorities, 
denoting that some SDGs are more paramount than others. 
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Understanding the complex relationships between SDGs’ implementa-
tion is critical in supporting policy-makers in creating and applying 
social, economic, and environmental policies (Scharlemann et al., 
2020). 

This research revises the interactions between the SDGs in EU 
countries. A multivariate statistical analysis, including the linear 
ordering of objects, is the primary tool that allows us to analyse this 
complex phenomenon effectively. Two main research goals were set in 
our study: 

(i) Potential assessment of European Union countries to implement 
SDGs (proprietary composite indicator based on sensitivity analysis); 

(ii) Synergy and trade-off indications among SDGs (linear ordering 
and Spearman’s rank correlation coefficient). A statistically significant 
positive correlation among SDGs indicates the occurrence of synergy, 
while a negative one reveals a trade-off. 

To achieve our research goals, we refer to sixteen SDGs (SDG14 was 
excluded due to lack of data) and study their interactions based on the 
Eurostat database from 2020. The novelty of our study is grounded on 

the use of sensitivity analysis (SA) tools to establish weights to obtain the 
desired importance of all variables. SA allows us to consider the vari-
ables’ differentiation and correlation during the weighing process. 

The structure of our article is as follows: an introduction outlines the 
main goals of the investigation and explains our motivations. The second 
section provides a literature review, starting with a brief description of 
SDGs, evidencing approaches in SDGs analysis, and surveying in-
teractions among SDGs. The third section is devoted to the research 
methods and data used. The fourth section comprehensively describes 
the research results. The article ends with an extensive discussion and 
conclusions. 

2. Literature review 

The Report (European Commission, 2022) emphasises that sustain-
able development is firmly rooted in European treaties and has long 
been at the heart of European politics. SDGs builds on the Millennium 
Development Goals (MDGs) and the relationship between them has been 

Table 1 
Review of studies on the interaction between the goals of SDGs.  

Research Dataset Investigated 
SDGs 

Method Results 

Pradhan et al. (2017) 227 countries between 
1983 and 2016 

All SDG Nonparametric Spearman’s rank correlation Positive correlations outweigh negative ones. 
SDG1 link to progress toward SDGs 3, 4, 5, 6 and 10. 
SDG3 is in line with progress in SDGs 1, 4, 5, 6 and 10. 

Singh et al. (2018) Marine and oceanic 
areas 

Focus on 
SDG14 

Rapid assessment methodology - operationalizes a 
framework for identifying the dependencies (co- 
benefits) and hindrances (trade-offs) among 
directional relationships 

SDGs 1, 2, 11, 13, 15 and 16 positively relate to every 
ocean target (SDG14). SDG1 is related to six of the 
seven ocean targets, and SDG2 interacts with five of 
them. Only SDGs 3, 5, 6 and 7 are positively 
associated with three or fewer of the ocean targets. 

Kroll et al. (2019) 193 UN member states 
in 2010–2018, 

All SDG Spearman’s rank correlation coefficient, interactions 
trends and projections 

Synergies for SDGs 1, 3, 7, 8 and 9; and trade-offs for 
SDGs 11, 13, 14, 16 and 17. 

Miola and Schiltz 
(2019) 

EU28 All SDG Three ways to measure SDGs: (i) the average for all 
indicators at the goal level, (ii) the Organisation for 
Economic Cooperation and Development (OECD) 
distance measure and (iii) the measure of SDG 
performance based on the monitoring report by 
Eurostat on the progress towards the SDGs in an EU 
context. 

The relative position of a country depends almost 
exclusively on the chosen method and indicators set. 

Fonseca et al. (2020) 193 UN member states, All SDG Spearman’s rank correlation coefficient Domination of positive interactions. SDGs 2, 3, 4, 7, 8, 
and 11 indicate strong positive correlations with 
others. SDG 12 exhibits moderate or strong negative 
correlations. 

Yang et al. (2020) Worldwide survey in 
2018 and 2019 

All SDG Linking SGDs with ES (ecosystem services – such as 
climate regulation, fresh water, food, water 
purification, biodiversity and education). 

The synergies’ excess over trade-offs.SDG 1 correlated 
with SDGs 2, 3, 5 and 8; SDG 14 correlated with SDG 
15; SDG 5 correlated with SDG  
10.ES  
connected with SDGs 15, 13, 14 and 6. 

Halkos and 
Gkampoura 
(2021) 

UN’s data All SDG Literature review, an assessment of the relevance and 
contribution of each SDG to sustainable development 
and an indication of the extent to which the evolution 
of key indicators reflects progress towards these 
objectives 

Progress in executing SDGs 8, 9, 12 or 14, while SDGs 
2, 6, 11, 13 and 16 lag. 

Sompolska-Rzechuła 
and Kurdyś- 
Kujawska (2021) 

European countries in 
2010 and 2018 

SDG3 and 13 TOPSIS method Implementation of SDGs 3 and 13 in most European 
countries was a compromise. 

Warchold et al. 
(2021) 

247 countries and 
worldwide areas 
between in 1990–2019  

All SDG Cross-sectional correlation analysis Synergies always prevail over trade-offs, and linear 
interactions outweigh non-linear ones. 
SDGs’ interactions vary depending on the country’s 
income, demographic profile and population 
distribution. 

Bellantuono et al. 
(2022) 

Selected countries, All SDG Multiplex consisting of three layers, each containing 
17 nodes representative of the goals 

The strongest links include SDG 9, 17, 12, 13, 8 and 
14. Weak link is shown by SDG 5, 7 and 6. 

Elavarasan et al. 
(2022) 

40 European countries 
in 2018 

SDG7 Composite indicator, weights assigned based on 
Analytic Hierarchy Process (AHP). Sensitivity 
analysis was used to identify the most influential 
indicators. 

The most influential factors were clean energy 
conversion and energy security. 

Zhang et al., (2022) China, different 
statistical departments 
since 1990 

All SDG Composite indicator (CI) with equally weighted 
variables. 
SDGs division into three categories: essential needs, 
objectives and governance. 

SDGs in “essential needs” and “objectives”, as well as 
“essential needs” and “governance”, show 
compromises in the eastern provinces and also in 
some central and western provinces of China. 

Source: Authors’ investigation. 
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examined by de Jong and Vijge (2021). The authors concluded that the 
SDGs represent a much more integrated approach to sustainable 
development than the MDGs, focusing on the interplay between pros-
perity, planet, partnership and peace. The SDGs are thus ‘indivisible and 
interconnected’ with a strong emphasis on ‘political and institutional 
coherence’. Sustainable development economic and ecological compo-
nents are nowadays at the SDG’s core. The focus has shifted from 
poverty reduction in the MDGs toward integral development (including 
poverty reduction). 

The 2030 Agenda have given new impetus to global efforts to achieve 
sustainable development. Thus exploring synergies and emerging trade- 
offs that arise from the relationship between goals is crucial to achieving 
long-term sustainability results. The aforementioned report emphasises 
that more positive than negative (24.1 % vs 13.4 %) interrelationships 
between goals occur, but no significant correlation was found in 62.4 % 
of indicators’ pairs. Understanding the nature of the interrelationship 
between the SDGs is key to unlocking their full potential and ensuring 
that progress in one area is not delivered at the expense of another. 

Table 1 provides an overview of the research results focusing on the 
relationship among SDGs. Table 1 is also a review of the methodological 
approaches used in the SDGs measurement. 

The literature review (Table 1) shows that some studies explore 
synergies and trade-offs between all SDGs, while others focus on the 
chosen SDG or some of 169 specific targets. In most cases, SDG1 and 
SDG3 are closely related to others, while SDG 2 is a trade-off target. The 
observed synergies show the broad compatibility of sustainable devel-
opment goals, in which progress towards one goal can use the 
achievement of other goals (Pradhan et al., 2017). Researchers use 
various methods to assess the degree of SDG implementation and 
determine their interactions, from correlation, time series, and multi-
variate data analysis methods to multi-criteria decision-making (MCMD) 
methods and neural networks. 

3. Methods and data 

To achieve our research goals, we refer to sixteen SDGs (SDG14 was 
excluded due to lack of data) and study their interactions based on the 
Eurostat database from 2020. Data availability was 99.1 %; in the case of 
statistical information absence, the naïve approach was used (Hyndman 
and Athanasopoulos, 2018), i.e. the most recent non-missing value 
(almost entirely from 2019). In this research paper, proprietary com-
posite indicators (CIs) were constructed for the linear ordering of the 
European Union countries according to their SDGs implementation de-
gree. Our approach differs from most scientific studies as we use 
methods based on sensitivity analysis to determine the appropriate 
weights and to reduce the variables set. The weights were established so 
that each variable included in a given SDG has equal importance, i.e. 
equally explains the ranking of countries in terms of the SDG under 
investigation. 

There exists a rich critical literature related to the construction of 
composite indicators (Ravallion, 2010; Paruolo et al., 2013; Becker 
et al., 2017; Gnaldi & Del Sarto, 2018; Muller, 2018; Greco et al., 2019; 
Cartone & Postiglione, 2020; Cinelli et al., 2020; Kuc-Czarnecka et al., 
2020). However, it should be noted that there are also works in which 
various methods of repairing composite indicators are used: multi- 
attribute utility (Cracolici & Nijkamp, 2008), data development anal-
ysis (Zhou et al., 2010; Martí et al. 2017), factor analysis (Zizka, 2013), 
principal component analysis (Perisic, 2015), multidimensional IRT 
fuzzy synthetic evaluation (Haider, et al., 2018). The OECD handbook 
OECD (2008) for constructing CIs has existed for over a decade. 
Nevertheless, not all CIs follow recommendations. For example, analyses 
of the uncertainty and sensitivity (Saisana et al., 2005; Dobrota et al., 
2015; Becker et al., 2017; Kuc-Czarnecka et al., 2021; Olczyk et al., 
2022) are rare, which is an obstacle to their transparency. One of the 
major drawbacks of linear aggregation – although very intuitive – is the 
confusion between weights and importance. It should be emphasised 

that weight is not the same as importance (Paruolo et al., 2013). In many 
cases, weights assigned by CIs creators do not reflect individual factors’ 
actual degree of influence. They may rather reflect the developers’ un-
derstanding of the importance, which is erroneous and far removed from 
the definition of importance that makes mathematical sense (rooted in 
ANOVA). While this should convince all developers to use better stra-
tegies for rating and ranking, e.g. based on multi-criteria analysis or 
sensitivity analysis, we observe in practice (from university ranking and 
countries’ performance to indicators of the rule of law and freedom of 
the press (Bandura, 2008; 2011; Yang, 2014) a predominance of linear 
aggregation strategies for a reason linked to the apparent simplicity and 
transparency of the method. 

We assumed that since the variables are listed in the database and no 
other Eurostat studies have specified otherwise, each target is equally 
important to achieve examined SDG. So, we create a measure that re-
flects the equal importance of these variables while removing diagnostic 
variables that have low information transfer, i.e. having an impact on 
the final CI only because they correlate strongly with the remaining 
variables (Lindén et al., 2021b). A literature review (Bandura, 2008; 
2011; Yang, 2014) found that developers most often eschew better 
strategies for ranking derived from decision science and use instead 
linear aggregation to measure complex phenomena. To illustrate how 
this popular aggregation method can be improved, the procedure for 
creating our composite indicators was as follows:  

1. Construction of composite indicator as the weighted arithmetic mean 
(separately for each SDG): 

yj =
∑d

i=1
wixji, j = 1, 2,⋯, d; i = 1, 2,⋯, n, (1)  

where:yj– the value of the composite indicator for the j-th country,xji– 
the normalised value of the i-th variable in the j-th country,wi– weight 
assigned to the i-th variable. 

2. Determination and isolation of the impact of xi on y using the first- 
order sensitivity index (Saltelli et al., 2000): 

Si ≡
Vxi (Ex i(y|xi) )

V(y)
(2)  

where:Si– first-order sensitivity measure, Si ∈ [0, 1],x i– vector contain-
ing all variables but xi,Ex i(y|xi)– expected value of y at a given value of 
xi with the expectation taken over x i,V(y)– unconditional variance of y. 

3. Decomposition of the first-order sensitivity index: 

Si = Su
i + Sc

i (3)  

where:Su
i – uncorrelated contribution, understood as unique variability 

that can only be explained by variable xi,Sc
i – correlated contribution, the 

variability caused by all variables associated with variable xi. 
This decomposition allows to determine whether the variable’s in-

fluence results from its correlation with other variables (Sc
i ≈ Si) or 

whether xi carries a sufficiently high information load in itself. 
4. Estimation of uncorrelated contribution by finding the residuals 

using penalised splines (Harezlak et al., 2018): 

ẑi = xi − x̂i = xi −

(

β0 +
∑d

l∕=i
β̂l xi

)

(4)  

where:ẑi– residuals of a regression of xi on x i,β0– y-intercept from 
multivariate linear regression,βl– coefficient from multivariate linear 
regression. 

Penalised splines are an extension of linear parametric regression, 
but they also have the capabilities of nonparametric regression. 

Su
i =

∑n
j=1

(
ŷ( i)

j − y( i)
)2

∑n
j=1

(
yj − y

)2 (5) 

M. Kuc-Czarnecka et al.                                                                                                                                                                                                                       

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ecological Indicators 146 (2023) 109888

4

where:ŷ( i)
j – non-linear regression fitted values,y( i)– average value of 

ŷ( i)
j ,yj– composite indicator value in the j-th object,y– average value of 

yj. 
5. Estimation of correlated contribution: 

Sc
i = Si − Su

i (6)    

4. Weight optimisation (Becker et al., 2017) using the Nelder–Mead 
method (Nelder & Mead, 1965): 

wopt = argminw

∑d

i=1

(

S̃
*

i
− S̃i(w)

)2

(7)  

where:S̃
*
i – target normalised correlation ratio,w– set of initial weights 

assigned by CI creator, w = {wi}
d
i=1, 

S̃i– normalised correlation ratio of xi, computed as: 

S̃i =
Si

∑n
i=1Si

(8) 

The optimisation algorithm relocates the weight to match the target 
correlation ratios, i.e., each variable’s intended relative importance. The 
CIAO (Composite Indicator Analysis and Optimisation Tool) Matlab 
package was used for numerical analyses (Lindén et al., 2021a). 

5. Construction of final composite indicator as the weighted arith-
metic mean (1) using optimal weights (7). 

6. Linear ordering of EU countries. 
A graphic presentation of the above procedure is described in Fig. 1. 

The proposed methodological approach was used to evaluate the 
implementation of SDG in the EU countries using data from the Eurostat 
database. The set of 1113 variables that met the data availability con-
ditions was reduced using the above procedure. Table A2 in the Ap-
pendix presents the final list of diagnostic variables broken down by 
individual goals. It also includes basic descriptive statistics for the 
indicated variables and their impact direction (stimulant - the higher the 
value, the better; destimulant - the lower the value, the better). It can be 
noticed that some variables have very high variability (coefficient of 
variation above 100 %), which proves significant differences between 
EU countries. The variables with the highest coefficient of variation are 
e.g. SDG_03_60, SDG_06_10, SDG_09_70, SDG_10_60, SDG_13_50 and 
SDG_15_50. When analysing the asymmetry of individual variables, we 
found that they differ substantially, from very weak (e.g. for SDG_03_11, 
SDG_04_20 or SDG_08_60) to extreme asymmetry (e.g. for SDG_01_50, 
SDG_06_10 or SDG_12_50). A right-handed asymmetry characterises the 
vast majority of variables. Table A3 in the Appendix contains the 
optimal weights for individual variables used to calculate CIs according 
to formulas (1)-(8). 

4. Results 

As a result of the procedure described in the previous section, 16 
composite indicators were obtained, showing the degree of imple-
mentation of SDGs in the EU countries. For each SDG (except 14), EU 

Fig. 1. Composite indicator’s compliance testing procedure. 
Source: Kuc-Czarnecka, et al., (2021) 

3 Due to the lack of data, the variables concerning SDG14 were omitted. It 
should also be noted that some variables appear in several SDGs, therefore they 
were counted once. 
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Table 2 
Values of CIs for each SDG.  

Source: Authors’ investigation. 

Table 3 
Ranking of European Union countries for each SDG.  

Source: Authors’ investigation. 
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countries have been ranked to show their potential to achieve the 
investigated goal. The country with the highest CI value in a given SDG 
was rated 1, and the one with the lowest value got 27th position. Three 
countries have reached the first position three times: Denmark (SDGs: 2, 
7, 16), Netherlands (SDGs: 5, 8, 12) and Sweden (SDGs: 3, 6, 13). The CIs 
and country rankings’ values are presented in Tables 2 and 3, respec-
tively. Moreover, Fig. A.1 in the Appendix shows a box-whisker plot for 
the CI values for each SDG. 

When analysing Fig. 2, Sweden’s outstanding results can be noticed 
(3 times first, 1 in second and 4 times in third place). Equally great 
potential was observed in the Netherlands (3 times in first place, 3 times 
in second and once in third). Another country with high scores is 
Denmark (three times leader and third place for SDG13). Ireland is also 
sound, being ranked as a leader in achieving SDG 4 and taking second 
place three times. France was placed second three times (SDG4, 12 and 
13) and third once (SDG5). Slovenia was the second best for SDG1, 6 and 
third for SDG4. Finland got the silver medal for SDG8 and the bronze for 
SDG6 and 11. 

Countries that took the leading position just once are Bulgaria 
(SDG15), Czechia (SDG1), Spain (SDG17), Cyprus (SDG10), Lithuania 
(SDG9), and Slovakia (SDG11). 

We also compare how often each EU country reached CIs’ values 
above the EU median (Fig. 3). The higher the colour saturation, the more 
often a given country was above the median. The leaders turned out to 
be Denmark and Sweden (14 times), Germany, Ireland and Luxembourg 
(13 times), the Netherlands and Slovenia (12 times), Belgium and 
Austria (11 times), and Finland, whose CI value of ten SDGs was above 
the median. Countries that achieved 8 to 14 goals are those with high 
economic indicators: actual individual consumption per capita in pur-
chasing power standards (AIC in PPS, in 2020) and gross domestic 
product per capita (GDP in PPS, in 2020). Indicators for these countries 
exceeded the EU average (Eurostat, 2021). The exception is Ireland 
(only GDP) and Slovenia. Thus, high economic activity (GPD) and ma-
terial welfare of households (AIC) are conducive to sustainable devel-
opment. On the other hand, the worst results were achieved by Bulgaria 
and Romania, which had CI values above the median for only two SDGs, 
Greece and Cyprus (3 times) and Latvia and Poland (4 times). 

The second stage of our investigation is the assessment of in-
teractions: synergy and trade-off. Based on the ranking places of the EU 
countries, we determined Spearman’s rank correlation coefficient for 
each pair of SDGs. We took into consideration only statistically signifi-
cant values (α = 0.05). Positive values indicated synergy and negative 
compromise. Among all couples of indicators (1204), only 41 (34.2 %) 
indicated significant interactions. Among them, 39 are positive associ-
ations, and only two are negative. Fifth SDG - gender equality (Fig. 4) 
has the highest number of connections (all positive). In our study, SDG5 
is correlated with the following goals (according to the relationship 
strength): 4, 9, 6, 17, 2, 13, 8, 16, and 12. SDG5 has positive 

relationships with goals from all areas of sustainable development 
(People - SDG2, SDG4; Planet - SDG6, SDG13; Prosperity - SDG8, SDG9, 
SDG12, Peace - SDG16, and Partnership - SDG17). It can be concluded 
that SDG5 is a crucial goal with numerous positive links with others. 
Consequently, more advanced implementation of the objectives 
mentioned above also strengthens the achieved SDG5. 

Goals positively correlated with many others are also SDG6 and 
SDG8. First of them - clean water and sanitation - achieved significant 
synergy with SDGs: 1, 4, 5, 8, 9, 10, 11, 16, and the second - decent work 
and economic growth - with SDGs: 3, 4, 5, 6, 9, 10, 11, 16. These two 
seemingly distant goals are related mainly to the same goals. Our 
research confirmed that achieving higher indicators of access to clean 
water (SDG6) and decent work and economic growth (SDG8) is associ-
ated with the achievement of higher indicators in the following areas: 
quality education (SDG4), gender equality (SDG5), industry innovation 
(SDG9), reducing social inequalities (SDG10), safe and sustainable cities 
(SDG11), peace, justice and strong institutions (SDG16). Sustainable and 
balanced development is possible due to the direct influence of in-
dicators in a given area and, simultaneously, an indirect impact on other 
socio-economic areas. SDG3 show strong socio-economic ties with SDG2 
- zero hunger (both goals from the People area), SDG8, 10, 12 (Pros-
perity), SDG16 (Peace) and SDG17 (Partnerships). The positive corre-
lations of SDG16 also evidence the interpenetration of development 
areas with SDG3 and 5 (People), SDG6 (Planet), SDG8, 9, 10 and 11 
(Prosperity). 

The positive linkages between goals not mentioned so far are SDG1 & 
SDG10 (no poverty - reduced inequalities). Reducing poverty is as 
important as lowering disparities (mainly within countries). We can also 
specify a group of connections between the four goals: SDG2, 7, 12 and 
13. Responsible consumption and production are associated with pro-
moting the efficient use of resources, limiting climate change and its 
adverse effects, improving the quality of life, and reducing hunger. Thus, 
implementing the indicator responsible for consumption and production 
may affect the performance of indicators related to hunger and climate. 
The positive relationship of SDG17 with other goals (2, 12, 13) confirms 
the necessity of partnership between the government, private enter-
prises, and civil society. The increased cooperation results in hastened 
hunger reduction, adequate consumption and planet protection. 

Our research also revealed synergy between SDG4 & SDG9 and SDG9 
& SDG11. These links show that high-quality education is crucial for 
improving people’s lives and sustainable development. Ubiquitous ac-
cess to appropriate education enables finding innovative solutions to the 
most acute problems of the contemporary world. Therefore, education’s 
quality assurance at various levels (from pre-school to higher education) 
and in multiple fields (including technical) empowers an educated so-
ciety (sustainable lifestyle, care for human rights, gender equality, peace 
culture and non-violence). As was mentioned, SDG9 is related to SDG11. 
So, developing a reliable, good-quality infrastructure supports economic 
development and well-being. Quality of infrastructure, the introduction 
of sustainable industrial development, clean and environmentally 
friendly technologies, research promotion and technological improve-
ment of the industrial sector may be activities assigned to SDG9. Their 
implementation enhances the safety and stability of cities and human 
settlements – the population’s living conditions improve, and culture 
and science develop. 

Particular attention should be paid to the study’s results showing 
trade-offs in the relationship between the goals. We obtained two sig-
nificant negative relationships: SDG15 & SDG3 and SDG15 & SDG17. 
For SDG15 (life on land), these are the only negative relationships with 
other goals. The tasks for humanity under this goal are protecting, 
restoring and promoting sustainable use of terrestrial ecosystems, 
managing forests sustainably, combating desertification, and halting 
and reversing land degradation and biodiversity loss. 

The only goal that has no significant relationship to other goals is 
SDG7 (affordable and clean energy). The goal defined as ’ensure access 
to affordable, reliable, sustainable and modern energy for all’ is a 

Fig. 2. Countries on the podium due to their potential to meet the SDGs. 
Source: Authors’ investigation. 

4 The number of calculated Spearman’s rank correlation coefficients for 
countries’ positions in the ranking according to the CI’s value for given SDG. 
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specific goal that requires appropriate investment outlays. The research 
covers 2020, but the problem itself is still valid. In light of the issues 
related to the COVID-19 pandemic and the war in Ukraine, clean and 
cheap energy is widely discussed. 

5. Discussion 

Since the announcement of the SDGs in 2015, countries have started 
to develop strategies for effectively implementing the 2030 Agenda. We 
are now eight years ahead of the Agenda deadline; therefore, there is a 
growing need for more efficient targeting of multiple SDGs. Scientists 
and policymakers constantly discuss the measurement and monitoring 

Fig. 3. Number of SDGs for which a given country achieved CI values above the EU median. Source: Authors’ investigation.  
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of the implementation of SDGs. Among the various methods of SDGs 
quantification, the ranking of countries is one of the most popular 
(Elavarasan et al., 2022; Cheba and Bąk, 2021; Miola and Schiltz, 2019; 
European Commission, 2022; Sompolska-Rzechuła and Kurdyś-Kujaw-
ska, 2021; 2022; Szopik-Depczyńska et al., 2018). 

Our research unveils that Scandinavian countries often occupy the 
leading positions in individual SDGs’ realisation. Sweden deserves spe-
cial attention, as it most often occupies the top of the rankings. Many 
studies emphasise Sweden’s position as a leader in achieving SDGs 
(European Commission, 2022; Miola and Schiltz, 2019; Szopik-Depc-
zyńska et al., 2018). Another country that stands out in implementing 
the SDGs is the Netherlands, which occupies the leading position in 

SDG9, 12 and 17. The Netherlands, under SDG9, promote sustainable 
innovation and investment, particularly eco-innovation: a bio-based, 
circular economy and electric transport (European Environment 
Agency, 2020). Due to the existing problem related to renewable and 
green energy use, research works are devoted to implementing SDG7 
and the indicators associated with this goal. Our research indicated that 
Denmark is the leader in this area, followed by Ireland and Sweden, 
while Luxembourg, Bulgaria and Cyprus are at the bottom. Slightly 
different results are presented in the work of Elavarasan et al. (2022) – 
Iceland, Norway and Sweden are the countries that performed best in 
SDG7, while Cyprus, Poland and Luxembourg took the last position. 
Denmark, the leader in our study, came fourth. It should be emphasised 

Fig. 4. Synergies and trade-offs for the SDGs. Source: Authors’ investigation.  

Fig. A1. A box-and-whisker plot for the composite indicator value for each of the SDGs. Source: Authors’ investigation.  
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that Elavarasan et al. (2022) used other indicators and methods to 
evaluate SDG7 implementation. Despite methodological differences, the 
results partially coincide with the results obtained in our study, showing 
regularities in the performance of the seventh SDG. In the research of 
Dmytrów et al. (2022), Norway was the best implementer of SDG7, and 
Denmark occupied leading positions in 2005, 2009 and 2020. Compa-
rable results regarding the SDG7 execution were obtained by Cheba and 
Bąk (2021). 

Since the announcement of the 2030 Agenda, most countries have 
achieved tremendous success in implementing SDGs 12, 10 and 13 
(Sebestyén and Abonyi, 2021). Our research demonstrates analogous 
regularity. Our analysis reveals a certain regularity; the leaders are 
usually from countries with stronger economies (Scandinavian coun-
tries, Germany, France, Netherlands, Ireland, Belgium and Austria). 
Therefore, even if they rank lower in some SDGs, their socio-economic 
potential will be conducive to catching up quickly. Marti and Puertas 
(2020) show that few countries have improved all aspects of sustainable 
development and that economic growth is sometimes associated with 
social progress and environmental deterioration. Moreover, they argue 
that countries with ample natural wealth have precarious social and 
economic situations. 

As it was mentioned, SDGs constitute an ‘indivisible whole’. There-
fore the interactions between goals should be well understood (Schar-
lemann et al., 2020). Our results align with Pradhan et al., 2017 and 
Yang et al., 2020 and emphasise more synergies than trade-offs within 
the SDGs (synergies were 34.2 % of all interactions). The goals with the 
utmost synergies are SDG 5, 6, 8, 3 and 16, while SDG7 is the only one 
not significantly related to others. Awareness of synergies can be used 
for Agenda 2030 strategy implementation, as improved performance in 
one of the goals may accelerate improvement in others. 

Gender equality (SDG 5) is a fundamental human right and a 
necessary foundation for a peaceful, prosperous and sustainable world 
(United Nations. Sustainable, 2022; Eden and Wagstaff, 2021). In EU 
countries, high discrimination against women is relatively low, but ac-
tions for equality are constantly carried out. Access to clean water and 
decent work are basic human needs (SDGs 6 and 8). In developed 
economies, further growth must be related to the care of clean water: 
reduction of pollution, elimination of landfills, limitation of the use of 

Table A1 
The 17 sustainable development goals.  

SDG Short title Description Number of 
targets 

1. No poverty End poverty in all its manifestations, 
including extreme poverty, over the 
next 15 years. It envisions shared 
prosperity, basic standard of living 
and social protection benefits for 
people everywhere, including the 
poorest and most vulnerable 

7 

2. Zero hunger End hunger and malnutrition, and 
ensure access to safe, nutritious and 
sufficient food 

8 

3. Good health and 
well-being 

Ensure health and well-being for all 
at all ages by improving 
reproductive, maternal and child 
health; ending the epidemics of 
major communicable diseases; 
reducing non-communicable and 
mental diseases 

13 

4. Quality education Ensure access to equitable and 
quality education through all stages 
of life 

10 

5. Gender equality Achieving gender equality by ending 
all forms of discrimination, violence, 
and any harmful practices against 
women and girls in the public and 
private spheres 

9 

6. Clean water and 
sanitation 

Safe and affordable drinking water, 
sanitation and hygiene, and ending 
open defecation 

8 

7. Affordable and clean 
energy 

Ensuring universal access to modern 
energy services, improving energy 
efficiency and increasing the share 
of renewable energy 

5 

8. Decent work and 
economic growth 

Providing opportunities for full and 
productive employment and decent 
work for all while eradicating forced 
labour, human trafficking and child 
labour and promoting labour rights 
and safe and secure working 
environments 

12 

9. Industry, innovation, 
and infrastructure 

Building resilient and sustainable 
infrastructure, which supports 
sustainable development and human 
well-being 

8 

10. Reduced inequalities Reducing inequalities based on 
income, sex, age, disability, race, 
class, ethnicity, religion and 
opportunity by adopting relevant 
policies and legislation 

10 

11. Sustainable cities 
and communities 

Renew and plan cities and other 
human settlements in a way that 
they offer opportunities for all, with 
access to basic services, energy, 
housing, transportation, green 
public spaces, while improving 
resource use and reducing 
environmental impacts 

10 

12. Responsible 
consumption and 
production 

Action on all fronts: adoption of 
sustainable practices and 
sustainability reporting by 
businesses; promotion of sustainable 
procurement practices and 
rationalisation inefficient fossil-fuel 
subsidies by policy-makers; 
environmentally-aware lifestyles of 
consumers; development of new 
technologies and production and 
consumption methods by 
researchers and scientists and others 

11 

13. Climate action Strengthen countries’ resilience and 
adaptive capacity to climate-related 
hazards and natural disasters by 
integrating climate change 
mitigation and adaptation measures 

5  

Table A1 (continued ) 

SDG Short title Description Number of 
targets 

into national strategies, policies and 
planning 

14. Life below water Conserve oceans by ensuring their 
sustainable use. This includes the 
safeguarding of marine and coastal 
ecosystems, conserving at least 10 % 
of coastal and marine areas as well 
as preventing and reducing marine 
pollution and the impacts of ocean 
acidification 

10 

15. Life on land Protect, restore and promote the 
conservation and sustainable use of 
terrestrial, inland water and 
mountain 12ecosystems 

12 

16. Peace, justice and 
strong institutions 

Peaceful and inclusive societies 
based on respect for human rights, 
protection of the most vulnerable, 
the rule of law and good governance 
at all levels 

12 

17. Partnerships for the 
goals 

Universal, rules-based, open, non- 
discriminatory and equitable 
multilateral trading system under 
WTO and the implementation of 
duty-free and quota-free market 
access for all least developed 
countries 

19 

Source: own study based on Eurostat (2022). 
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Table A2 
Descriptive characteristics of indicators analysed in the paper.  

Goal/Indicators Eurostat 
code 

Mean Median Min Max C.V. S 

Goal 1 
People living in households with very low work intensity, by age group (D) SDG_01_40  7.38  7.20  3.90  12.30  34.50  0.35 
In work at-risk-of-poverty rate (D) SDG_01_41  7.86  7.80  3.10  14.90  35.11  0.45 
Housing cost overburden rate by poverty status (D) SDG_01_50  7.25  5.90  1.90  33.30  83.07  3.38 
Self-reported unmet need for medical examination and care by sex (D) SDG_03_60  2.31  1.60  0.00  13.00  119.89  2.50 
Severe housing deprivation rate by poverty status (D) SDG_11_11  4.21  3.10  1.00  14.30  79.13  1.56  

Goal 2 
Obesity rate by body mass index (BMI) (D) SDG_02_10  55.15  55.90  45.70  64.80  9.00  0.00 
Government support for agricultural research and development (S) SDG_02_30  6.26  5.10  0.40  18.70  71.12  1.27 
Harmonised risk indicator for pesticides (HRI1) (D) SDG_02_51  82.63  77.00  38.00  149.00  35.01  0.94 
Ammonia emissions from agriculture (D) SDG_02_60  25.49  20.60  7.20  105.30  81.53  2.50  

Goal 3 
Healthy life years at birth by sex (S) SDG_03_11  62.40  62.50  53.40  72.70  7.3  0.21 
Share of people with good or very good perceived health by sex (S) SDG_03_20  68.10  69.90  44.30  83.70  13.80  − 0.87 
Smoking prevalence by sex (D) SDG_03_30  24.60  25.00  7.00  42.00  31.46  0.03 
Self-reported unmet need for medical examination and care by sex (D) SDG_03_60  2.30  1.60  0.00  13.00  119.89  2.50 
Obesity rate by body mass index (BMI) (D) SDG_02_10  55.15  55.90  45.70  64.80  9.00  0.00 
Fatal accidents at work per 100 000 workers by sex (D) SDG_08_60  2.00  2.01  0.48  3.50  44.42  0.10  

Goal 4 
Early leavers from education and training by sex (D) SDG_04_10  8.68  8.10  2.20  16.00  39.53  0.41 
Tertiary educational attainment by sex (S) SDG_04_20  43.38  43.70  24.90  60.60  21.16  0.02 
Participation in early childhood education by sex (S) SDG_04_31  90.29  91.70  71.30  100.00  8.04  − 1.04 
Adult participation in learning (S) SDG_04_60  10.06  7.70  1.00  28.60  71.90  1.18 
Share of individuals having at least basic digital skills (S) SDG_04_70  56.26  55.00  28.00  79.00  21.46  − 0.30  

Goal 5 
Inactive population due to caring responsibilities by sex (D) SDG_05_40  24.44  22.90  4.50  54.20  55.48  0.64 
Positions held by women in senior management positions (S) SDG_05_60  25.00  26.20  8.80  45.10  43.40  − 0.02 
Early leavers from education and training by sex (D) SDG_04_10  8.68  8.10  2.20  16.00  39.53  0.41 
Tertiary educational attainment by sex (S) SDG_04_20  43.38  43.70  24.90  60.60  21.16  0.02  

Goal 6 
Population having neither a bath, nor a shower, nor indoor flushing toilet in their 

household by poverty status (D) 
SDG_06_10  1.93  0.40  0.00  21.20  227.30  3.62 

Water exploitation index, plus (WEI + ) (D) SDG_06_60  9.61  4.15  0.22  70.30  158.37  2.90  

Goal 7 
Primary energy consumption (D) SDG_07_10  2.88  2.63  1.44  6.25  37.31  1.60 
Energy productivity (S) SDG_07_30  7.87  6.77  2.47  22.61  54.71  1.91 
Share of renewable energy in gross final energy consumption by sector (S) SDG_07_40  24.36  21.22  10.71  60.12  47.09  1.41 
Energy import dependency by products (D) SDG_07_50  58.02  56.63  10.50  97.56  36.42  0.00 
Population unable to keep home adequately warm by poverty status (D) SDG_07_60  7.81  5.70  1.50  27.50  91.42  1.54  

Goal 8 
Investment share of GDP (S) SDG_08_11  22.31  21.85  11.66  39.68  23.03  1.29 
Long-term unemployment rate (D) SDG_08_40  2.29  1.80  0.60  10.50  87.03  3.05 
Fatal accidents at work per 100 000 workers (D) SDG_08_60  1.97  2.01  0.48  3.53  44.42  0.10 
In work at-risk-of-poverty rate (D) SDG_01_41  7.86  7.80  3.10  14.90  35.11  0.45 
Inactive population due to caring responsibilities (D) SDG_05_40  24.44  22.90  4.50  54.20  55.48  0.64  

Goal 9 
Gross domestic expenditure on R&D by sector (S) SDG_09_10  1.78  1.53  0.47  3.53  51.59  0.59 
Share of rail and inland waterways in inland freight transport (S) SDG_09_60  27.85  26.20  0.80  64.70  61.92  0.41 
Air emission intensity from industry (D) SDG_09_70  0.17  0.06  0.01  0.84  132.55  2.29 
Tertiary educational attainment by sex (S) SDG_04_20  43.38  43.70  24.90  60.60  21.16  0.02 
High-speed internet coverage, by type of area (S) SDG_17_60  65.14  67.10  10.20  100.00  36.07  − 0.52  

Goal 10 
Purchasing power adjusted GDP per capita (S) SDG_10_10  30781.48  26500.00  16400.0  78700.00  43.80  2.25 
Income distribution (D) SDG_10_41  4.72  4.48  3.03  8.01  23.99  1.06 
Asylum applications (S) SDG_10_60  1172.19  381.00  9.00  7920.00  149.64  2.69 
People at risk of poverty or social exclusion (D) SDG_01_10A  19.18  19.00  7.50  28.30  26.90  − 0.29 
Early leavers from education and training (D) SDG_04_10A  7.71  7.40  2.10  15.60  42.69  0.66 
Employment rate (S) SDG_08_30A  74.29  75.10  61.60  83.40  7.20  − 0.70  

(continued on next page) 
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harmful chemicals, and restriction of water used in production. Eco-
nomic growth should also favour access to good jobs, eradicate poverty, 
increase welfare and enhance appropriate consumption, but without 
harming the environment. According to Zurlini and Müller (2008), the 
relationship between the environment and security is now prevalent 
among scientific and policy communities. 

Reducing poverty (SDG 1) is as important as lowering disparities 
(mainly within countries). However, the cake of economic growth is 
often shared among the wealthiest inhabitants (Lakner et al., 2019; 
Mansi et al., 2020). To facilitate poverty reduction, every citizen should 
benefit from economic progress. Economic activity must bring financial 
profits and benefits for people and the environment (Ekins and Zen-
ghelis, 2021). However, there is a need to raise awareness and increase 
cooperation among supply chain members. An educated society is the 
basis for building a stable infrastructure, sustainable industrialisation 
and innovation. Such society incentives the development of ICTs and 
highly advanced technologies boosting productivity. 

When people pursue their aspirations to satisfy hunger, create living 
conditions, and increase consumption and welfare, they tend to ignore 
or underestimate the care for the natural environment (Osuntuyi and 
Lean, 2022). The necessity of actions aimed at reducing environmental 

degradation, maintaining biodiversity, protecting ecosystems, shielding 
endangered animals and plants, and abolishing invasive alien species is 
indicated. However, these activities require resources that could be 
allocated to other purposes. Hence the competition between SDG15 and 
SDG3, i.e. improvement in health care. The COVID-19 pandemic has 
undoubtedly only deepened these animosities. The pandemic also shif-
ted interest and resources from SDG15 to SDG17. The partnership for 
sustainable development at that time required a particular focus on the 
ICT sector. The prospects for achieving the 2030 Sustainable Develop-
ment Goals have deteriorated significantly since the COVID-19 
pandemic spread worldwide in early 2020 (Eden and Wagstaff, 2021). 
According to Chakraborty and Maity (2020), the pandemic has spread 
around the world and has created enormous health, economic, envi-
ronmental and social challenges. The authors emphasise the negative 
economic impact: limiting production and transport and increasing 
healthcare spending. But at the same time, they indicate the positive 
effect of the economic slowdown on the natural environment. Espejo 
et al. (2020) also write about the links between the natural environment 
and health conditions. Lack of care for the environment may harm the 
health of society and, at the same time, facilitate the spread of the 
pandemic. Lekagul et al. (2022) indicate the negative impact of the 

Table A2 (continued ) 

Goal/Indicators Eurostat 
code 

Mean Median Min Max C.V. S 

Goal 11 
Severe housing deprivation rate by poverty status (D) SDG_11_11  4.21  3.10  1.00  14.30  79.13  1.56 
Population living in households considering that they suffer from noise, by poverty 

status (D) 
SDG_11_20  16.04  14.70  8.00  30.80  35.77  0.69 

Road traffic deaths (D) SDG_11_40  4.54  4.30  2.00  8.500  35.00  0.63 
Years of life lost due to PM2.5 exposure (D) SDG_11_51  749.33  641.00  258.00  1606.00  45.48  0.67 
Recycling rate of municipal waste (S) SDG_11_60  39.57  39.60  10.50  67.00  36.43  − 0.20 
Population living in a dwelling with a leaking roof, damp walls, floors or foundation, or 

rot in window frames of floor by poverty status (D) 
SDG_01_60  14.07  12.50  4.50  39.10  53.12  1.42 

Share of buses and trains in inland passenger transport (S) SDG_09_50  17.95  17.30  9.40  28.40  23.59  0.74 
Population reporting occurrence of crime, violence or vandalism in their area by 

poverty status (D) 
SDG_16_20  9.23  8.30  2.40  19.10  50.54  0.69  

Goal 12 
Average CO2 emissions per km from new passenger cars (D) SDG_12_30  111.14  113.00  82.30  133.00  10.38  − 0.53 
Circular material use rate (S) SDG_12_41  10.19  7.90  1.30  30.90  73.21  1.13 
Generation of waste excluding major mineral wastes by hazardousness (D) SDG_12_50  2026.59  1579.00  701.00  9711.00  82.45  4.00 
Energy productivity (S) SDG_07_30  7.87  6.77  2.47  22.61  54.71  1.91  

Goal 13 
Net greenhouse gas emissions (D) SDG_13_10  8.21  7.40  1.80  19.70  43.98  1.23 
Contribution to the international 100bn USD commitment on climate related expending 

(S) 
SDG_13_50  1.89  0.12  0.00  9.95  153.92  1.68 

Population covered by the Covenant of Mayors for Climate & Energy signatories (S) SDG_13_60  44.82  47.80  7.30  92.70  46.51  0.22 
Share of renewable energy in gross final energy consumption by sector (S) SDG_07_40  24.36  21.22  10.71  60.12  47.09  1.41  

Goal 15 
Share of forest area (S) SDG_15_10  40.40  39.60  10.40  69.90  39.81  − 0.12 
Surface of the terrestrial protected areas (S) SDG_15_20  27.27  26.60  13.20  51.50  38.10  0.44 
Soil sealing index (D) SDG_15_41  108.97  107.90  105.90  122.90  3.16  2.79 
Estimated soil erosion by water - area affected by severe erosion rate (D) SDG_15_50  4.95  2.63  0.00  24.93  128.35  1.81  

Goal 16 
Standardised death rate due to homicide (D) SDG_16_10  0.93  0.72  0.28  3.32  71.63  2.26 
Population reporting occurrence of crime, violence or vandalism in their area by 

poverty status (D) 
SDG_16_20  9.23  8.30  2.40  19.10  50.54  0.69 

Corruption Perceptions Index (S) SDG_16_50  63.67  60.00  44.00  88.00  22.32  0.25 
Population with confidence in EU institutions by institution (S) SDG_16_60  52.81  55.00  36.00  79.00  20.47  0.28  

Goal 17 
EU imports from developing countries by country income groups (S) SDG_17_30  186.02  128.83  76.19  931.00  92.49  3.53 
General government gross debt (S) SDG_17_40  75.36  59.70  19.00  206.30  58.47  1.24 
Share of environmental taxes in total tax revenues (D) SDG_17_50  6.71  6.76  3.62  9.89  24.80  0.26 
High-speed internet coverage, by type of area (S) SDG_17_60  65.14  67.10  10.20  100.00  36.07  − 0.52 

Source: Authors’ investigation, where S – stimulants, D – destimulants. 
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Covid-19 pandemic on the implementation of SDGs in the field of 
’People’ and ’Prosperity’. However, the effect on ’Planet’ is both posi-
tive and negative. They also point out that the pandemic has exposed 
countries’ weaknesses in ’Peace’ and ’Partnership’. 

Pradhan et al., 2017; Warchold et al., 2021 and Zhang et al., 2022, 
indicated both synergies and compromises for SDG7, while in our study, 
these turned out to be statistically insignificant. Notwithstanding, the 
energy sector is considered an indispensable factor in the country’s 
economic development (Bieszk-Stolorz & Markowicz, 2021). The liter-
ature emphasises that growing energy demand correlates with sustain-
able economic development and ecological balance (Omer, 2009; 
Bologna, 2013). Renewable energy usage contributes to reducing 
dependence on fossil fuels. Innovative renewable applications and a 
stronger renewable energy market will preserve the ecosystem. From an 
economic point of view, renewable energy systems usually have a high 
initial investment and low operating costs. However, these investments 
are necessary to prevent glitches related to the energy needs of people 
and enterprises. Unfortunately, energy problems (demand, prices, 
shortage of raw materials) are evolving, especially in times of crisis 
(Bieszk-Stolorz & Markowicz, 2022). Energy from renewable natural 
resources (wind, sun, water) is mean and independent of crises. It is, 
therefore, necessary to intensify investments in clean energy, which is 
needed by the global economy and humanity. 

6. Conclusion 

Our research aligns with the discussion on interactions and SDGs 
realisation, extending it with a new methodological approach. National 
policymakers face the challenge of meeting the goals by 2030. However, 
simultaneously accomplishing a progress in the economic, social and 
environmental dimensions is not straightforward. It turns out that there 
is a need to define the urgency of the challenges (Griggs et al., 2017). 
Therefore, the importance of research is emphasised, as it may support 
policy-makers in the implementation, sequencing and monitoring of 
SDGs. Our study concerned the EU countries in 2020. The designated CI 
with weights equalising the importance of the variables allowed us to 
determine the rankings of countries in terms of achieving individual 
goals. It turned out that the more developed countries (with high eco-
nomic indicators) occupied the leading positions in almost all ranks. We 
identified 41 synergies and two trade-offs. Our research confirms the 
advantage of synergy over compromises, which aligns with previous 
research. SDG5 has the highest number of relationships with goals from 
all areas (People, Planet, Prosperity, Peace and Partnership), which 
confirms that the SDGs are reinforcing each other. 

The goals positively correlated with many others are: SDG6 - clean 
water and sanitation and SDG8 - decent work and economic growth. The 
research also shows that responsible consumption and production 
implementation may affect the execution of indicators related to hunger 
and climate. Our results confirm the necessity of cooperation between 
government, private enterprises and civil society. Another important 
lesson is that high-quality education is the basis for improving people’s 
lives and sustainable development. 

We attach particular importance to two research conclusions:  

(i) Significant negative interactions between SDG15 & 3 and SDG15 
& 17. These goals compete with each other. Care for the natural 
environment probably took a back seat during the COVID-19 
pandemic, and medical care spending and ICTs development 
were of greater importance. 

(ii) No significant linkage between SDG7 (affordable and clean en-
ergy) and other goals. 

The problem of clean and cheap energy is still pressing. Investments 

Table A3 
Indicators used in the study and their assigned weights.  

Goal Indicator Weight 

1. No poverty SDG_01_40  0.3258 
SDG_01_41  0.1940 
SDG_01_50  0.0342 
SDG_03_60  0.1667 
SDG_11_11  0.2793 

2. Zero hunger SDG_02_10  0.2422 
SDG_02_30  0.2775 
SDG_02_51  0.3608 
SDG_02_60  0.1196 

3. Good health and well-being SDG_03_11  0.0831 
SDG_03_20  0.1089 
SDG_03_30  0.1886 
SDG_03_60  0.3081 
SDG_02_10  0.1411 
SDG_08_60  0.1702 

4. Quality education SDG_04_10  0.4341 
SDG_04_20  0.0433 
SDG_04_31  0.4576 
SDG_04_60  0.0383 
SDG_04_70  0.0267 

5. Gender equality SDG_05_40  0.3639 
SDG_05_60  0.0958 
SDG_04_10  0.3196 
SDG_04_20  0.2207 

6. Clean water and sanitation SDG_06_10  0.5097 
SDG_06_60  0.4903 

7. Affordable and clean energy SDG_07_10  0.3304 
SDG_07_30  0.2307 
SDG_07_40  0.1609 
SDG_07_50  0.0886 
SDG_07_60  0.1894 

8. Decent work and economic growth SDG_08_11  0.2505 
SDG_08_40  0.2085 
SDG_08_60  0.2490 
SDG_01_41  0.1176 
SDG_05_40  0.1744 

9. Industry, innovation and infrastructure SDG_09_10  0.1266 
SDG_09_60  0.3073 
SDG_09_70  0.2424 
SDG_04_20  0.2084 
SDG_17_60  0.1153 

10. Reduced inequalities SDG_10_10  0.2248 
SDG_10_41  0.0222 
SDG_10_60  0.3255 
SDG_01_10  0.1866 
SDG_04_10  0.0245 
SDG_08_30  0.2165 

11. Sustainable cities and communities SDG_11_11  0.1375 
SDG_11_20  0.2273 
SDG_11_40  0.0597 
SDG_11_51  0.1356 
SDG_11_60  0.0493 
SDG_01_60  0.1861 
SDG_09_50  0.1177 
SDG_16_20  0.0868 

12. Responsible consumption and production SDG_12_30  0.0482 
SDG_12_41  0.3698 
SDG_12_50  0.4585 
SDG_07_30  0.1235 

13. Climate action SDG_13_10  0.2423 
SDG_13_50  0.3406 
SDG_13_60  0.3203 
SDG_07_40  0.0969 

15. Life on land SDG_15_10  0.1988 
SDG_15_20  0.2339 
SDG_15_41  0.3327 
SDG_15_50  0.2346 

16. Peace, justice and strong institutions SDG_16_10  0.4151 
SDG_16_20  0.2660 
SDG_16_50  0.1557 
SDG_16_60  0.1631 

17. Parthership and future goals SDG_17_30  0.1834 
SDG_17_40  0.3397 
SDG_17_50  0.1845 
SDG_17_60  0.2924 

Source: Authors’ investigation. 
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in clean energy are a must all over the world. Energy problems (demand, 
prices, carbon footprint and environmental impact) are highlighted in 
times of crisis (COVID-19 pandemic, war in Ukraine). 

We believe that more research on sustainability is needed. The focus 
should be a punt on interdisciplinary research, i.e. synergy of knowledge 
from economics, natural sciences, engineering, ecology, etc. 
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