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Abstract: Sustainable Development Goals (SDGs) present a global framework for balancing 

the economy, society and environment. These are management tools for national, regional 

and global sustainable development planning and programming until 2030. The efforts to 

improve sustainable development data should be aimed at fostering innovation in SDG 

monitoring and modelling. Identifying inter-relationships between the 17 SDGs is crucial to 

managing them effectively and achieving sustainability. This study aims to explore the 

structure and interlinkages between the SDGs and determine the SDGs that significantly 

differ between groups of European countries depending on their income level. The dataset 

was created based on the European Sustainable Development Reports from 2017 – 2022 and 

World Bank open data. It was processed using the principal component analysis/factor 

analysis (PCA/FA) and discriminant analysis (DA). PCA of the data sets yielded five 

Principal Components with Eigenvalues ˃1, accounting for 81,57% of the total variance. 
Results indicate that specific social and economic indicators mostly determine the success of 

European countries in implementing sustainable development concepts. Also, there are 

notable synergies between SDGs, especially when it comes to the socio-economic 

dimensions. Conversely, important potential trade-offs with environmental-related SDGs are 

identified. The findings revealed that a higher level of economic development leads to greater 

success in implementing the general concept of sustainability. Lower-income countries are 

more advanced regarding the SDGs that fall under the environmental dimension – 

responsible consumption and climate change. The discrimination goals of responsible 

consumption and partnership for goals indicate clear differences between two groups of 

countries and can undermine progress toward sustainable development in high-income 

countries. It implies that socio-economic goals are prioritised over environmental ones when 

achieving sustainable development. 
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1 Introduction 

Sustainable development is a fundamental concept of the contemporary world. This 

concept has a central place in considering the long-term perspective of the survival 

and progress of humanity. Sustainability, or sustainable development, is an essential 

prerequisite and the ultimate goal of human activities on Earth. The Brundtland 

Commission Report defines it as "the development that allows meeting the needs of 

current generations without compromising the ability of future generations to meet 

their needs" [1]. Sustainable development means striking the perfect balance 

between economic growth, social progress, and environmental protection. It can be 

seen as the intersection of three dimensions: social, economic and ecological. In the 

past few decades, socio-economic and environmental challenges have posed 

significant obstacles to the discourse on sustainable development. Climate change, 

environmental degradation, rapid economic development, growing human 

population, and the global pandemic of COVID-19 are the phenomena that have 

hindered the successful implementation of the concept of sustainability to the 

greatest extent [2-5]. As a result, sustainable development has become a burning 

issue among scientists, global institutions and the wider community. 

To improve the understanding and management of the entire concept, in September 

2015, the UN General Assembly adopted the resolution titled “Transforming our 
World: the 2030 Agenda for Sustainable Development”, known as “Agenda 2030”. 
This report specified the modern approach that provides a comprehensive and 

multidimensional view of development through the Sustainable Development Goals 

(SDGs) (Table 1). The topics of these goals cover five critical areas (the so-called 

5 P's) - People, Planet, Prosperity, Peace, and Partnership [6]. SDGs are multilevel 

indicators directly linked to the components of sustainable development that should 

be pursued until 2030. The series of 17 goals is determined by 169 targets and aimed 

at supporting nations to achieve economic, social and environmental balance [7-

11]. By addressing all dimensions, the goals built a universal, holistic framework 

for helping set humanity on a sustainable development course. 

SDGs, targets, and indicators serve as a management tool to direct governments in 

creating implementation strategies and allocating resources. These monitor progress 

toward sustainable development at local, national, regional, and global levels. 

Successful policy-making and implementation require a series of efforts rather than 

individually focused SD paradigm initiatives, e.g. environment, society, or 

economy [12]. Given the multidimensionality of sustainable development goals, 

policymakers should be able to integrate economic, social and environmental 

components into a long-term strategy. Therefore, observing and analysing the SDGs 

as a group, not separately, is necessary. To reach the SDGs, governments and civil 

society need to set action priorities, detect significant implementation issues, 

analyse progress, enforce accountability, and identify gaps that must be filled. 

Therefore, a greater understanding of this issue is needed [13].  
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Figure 1 

Sustainable Development Goals (Source: www.un.org/) 

The SDGs defined within the Agenda represent a broad multinational attempt to 

redirect the world towards more sustainable and resilient directions while satisfying 

the needs of developing countries [14]. Achieving the SDGs requires implementing 

fundamental changes in each country and investing significant efforts in monitoring 

and measuring progress [15]. Agenda 2030 highlighted a need for urgent global 

action and cooperation between developed and developing countries. 

The subject of this paper is modelling sustainable development goals to create 

guidelines for effective strategies and managing the concept of sustainable 

development at the European level. The aim is to recognize the problems in 

achieving sustainable development goals in European countries. Specific goals are: 

i) to define the most important SDG challenges in European countries depending on 

their development level; ii) to define the pattern of SDG structure in Europe that 

drive the overall SDG score; iii) to define SDGs that differentiate European 

countries according to their development level. These goals are pursued in the 

following sections. Section 2 consists of the literature review in the field of SDGs 

and their interlinkages, as well as the types of modelling techniques that are most 

frequently used. In Section 3, the study area and the methodological approach are 

presented. In Section 4, the obtained results of the proposed model were displayed 

and discussed in Section 5. Finally, Section 6 highlights the main conclusions of the 

research and the limitations and directions for future studies in this field.  

2 Literature review 

A bibliometric analysis of scientific papers on the SDGs reveals that most studies 

(31%) are conducted by authors from the USA, China, and the UK and concentrated 

in developed countries [16,17]. Research databases related to SDGs indicate that 

http://www.un.org/
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natural and engineering sciences were more prominent than social sciences [16]. 

Studies focused on SDGs are mostly dealing with the specific SDGs rather than the 

SDGs as a unified and interrelated framework outlined in the UN resolution [18-

24]. At the same time, most studies deal with SDG 3 - Good health and well-being, 

while SDG 7 - Affordable and Clean Energy is the second [25]. However, system 

thinking is essential in studies on sustainable development and the SDGs [16]. 

Interdependencies, conflicts, and links between the SDGs require systemic thinking 

that incorporates the spatial and temporal interconnection of the SDGs, demanding 

multidisciplinary skills [13]. A significant positive correlation between SDG 
indicators is classified as a synergy, while a significant negative correlation is 
classified as a trade-off [26]. Spreading knowledge about synergies in sustainable 

development is important for enabling progress toward the SDGs and saving 

substantial resources [27]. Through various studies, researchers have investigated 

the relationships between the SDGs but have come to different conclusions [28]. In 

a study by Lusseau and Mancini (2019), they referred to the networks of SDG 

interactions as sustainomes [29]. Their study aimed to identify the obstacles and 

opportunities for achieving the SDGs through their interactions. They found that 

limiting climate change, reducing inequalities, and responsible consumption are 

significant hurdles to achieving the 2030 goals. However, focusing on poverty 

alleviation and reducing inequalities can accelerate the achievement of all SDGs. 

Dawes (2022) developed mathematical models to quantify the level of interlinkage 

networks that predict higher progress on particular SDGs than others [30]. The 

results showed that the impacts of other SDGs on goals 1-3 are more frequent than 

influences on later goals, and goals 6 and 7 are more dominant than the others. 

Scharlemann et al. (2020) concluded that environmental and environmental-human 

relations cause most interactions between SDGs [28]. 

The literature is still in the evolutionary stage in identifying the importance of 

social, economic and environmental sustainability indicators for more effective 

achievement of the SDGs [12]. However, in most of the previous studies, the fact 

that the interactions between the SDGs depend on the socio-economic 

characteristics of the countries has yet to be taken into account. A potential 

limitation of the SDGs is the need for more distinction between developed and 

developing countries [31]. For this reason, determining the spatial patterns of 

sustainable development and defining the factors that influence the success of 

establishing a balance between economic, social and environmental conditions are 

priority tasks by which the pursuit of maintaining development can be harmonised 

with the environmental conditions. In the work of the author Koehler (2016), it was 

pointed out that the SDGs can improve gender and climate justice [32]. According 

to some studies, performance in different SDG areas shows dependence on the 

income and geographical location of individual countries [29, 33-35]. Also, the 

SDGs can be used as a measure of sustainable well-being that can motivate and 

guide the process of global social change [36]. The availability of renewable energy 
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sources to the population in rural areas significantly contributes to achieving the 

SDGs in developing countries [37,38]. 

The efforts to improve sustainable development data should be aimed at fostering 

innovation in SDG monitoring and modelling. Attempts to clarify SDG 

relationships using different methodologies are not negligible. However, policy-

relevant modelling of sustainable development remains a challenge [39]. Authors 

Nilsson et al. (2016) developed a methodology for determining the interactions 

between the SDGs applicable at all levels – between goals and targets and global 

and national policies [40]. They rated seven possible types of SDG interactions from 

the most positive (scoring +3) to the most negative (scoring -3). Still, there is a lack 

of distinct modelling methodologies and model types that satisfy all the analytical 

requirements imposed by the new SDGs [39]. Many approaches remain 

complicated, time-consuming, and unintegrated [41]. Jayaraman et al. (2015) used 

a multi-criteria decision-making model to achieve SDGs by efficiently allocating 

resources [42]. Allen et al. (2016) defined contemporary modelling tools' positive 

and negative features and identified gaps in national sustainable development 

planning [39]. They found that scenario analysis and quantitative modelling are 

important analytical tools and have multiple benefits in developing national 

strategies towards achieving SDGs. Asadikia et al. (2022) applied the Gradient 

Boosting Machine algorithm to identify the top five SDGs that drive the overall 

SDG score [35]. Grochová Ladislava & Litzman (2021) used the non-parametric 

method of Data Envelopment Analysis to assess the level of the achievement of 

SDGs and evaluate the countries' progress [33]. Jabbari et al. (2020) attempted to 

develop a model based on the SDG index to cluster and differentiate the countries 

of different SD levels using non-hierarchical clustering, known as the K-means 

method [31]. Authors Cao et al. (2023) modelled SDGs to evaluate the causality 

and strength among them [43]. They constructed 1302 connections using the spatio-

temporal geographically weighted regression method. 

Studying the possibility of applying statistical methods in monitoring and managing 

sustainable development is increasingly intensive. However, further research is 

needed to evaluate the benefits and drawbacks of various modelling techniques [39]. 

To overcome this gap, the author of this study will examine the effectiveness of 

selected multivariate statistical techniques for modelling sustainable development 

goals. Multivariate statistical techniques such as Principal Component Analysis 

(PCA), Factor analysis (FA) and Cluster analysis (CA) have multiple benefits. The 

method of multivariate analysis used to reduce the data set dimensionality while 

keeping the maximum possible variability is called the method of principal 

components (PCA -Principal Component Analysis). Of all factor analyses, PCA is 

the most commonly used. The method of principal components was developed by 

Hotelling in 1933 [44]. In addition to reducing dataset dimensionality, the method 

of principal components is a tool of analysis by which hypotheses about the studied 

phenomenon are generated. PCA efficiently deals with multi-collinearity in the data 

as a non-parametric approach by generating factor variables [12]. This technique 
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converts extensive interrelated variables into independent (orthogonal) variables. In 

this way, the number of variables is reduced, and with a slight loss of information, 

it represents the same amount of variance. PCA/FA usefulness proven in the 

modelling of sustainable development indicators in manufacturing [45], energy 

[46], water management [47], international food trade [48], air quality [49], etc. 

According to Kwatra et al. (2020), these analyses can determine the relationships 

between variables, the existence of a balance between different dimensions of 

sustainability, classify voluminous information into data sets that can be managed 

and share information about composite indicators with the possibility of 

simultaneous monitoring of individual ones [50]. 

The novelty of this research consists of the multivariate analysis of the interlinkages 

across the SDGs in European countries and the recognition of the SDGs that 

significantly differ between countries depending on income level. For this purpose, 

principal component analysis/factor analysis (PCA/FA) and discriminant analysis 

(DA) were used. Based on the results, it will be possible to identify fields that 

require additional engagement and create guidelines to accelerate SD progress. 

3 Experimental 

3.1 Data set 

In July 2016, The Bertelsmann Stiftung and Sustainable Development Solutions 

Network (SDSN) jointly, founded the initial SDG Index and Dashboards with data 

from 149 of 193 UN member states. Annual SDG reporting is based on high-quality 

data from all countries and presents a quantitative assessment of the level of SDG 

achievement. The Report includes the SDG Indices for each goal individually and 

overall SDG Index. The scores are presented on a scale of 0 to 100, with zero 

denoting the worst performance and hundred describing the best performance in 

SDGs achievement. The total SDG Index has been listed among the ten composite 

indices useful for policymaking by the European Parliamentary Research Service.  

The data set used for the defined research objectives was created using the database 

published in the European Sustainable Development Reports from 2017 - 2022 [51]. 

The statistical packages SPSS v.21 and Statistica v.13 were used in their processing. 

3.2 Study area 

Regional monitoring and accountability ensure regional collaboration and 

coherence in SDG-related policies. The European Union is recognised as a global 

leader in improving sustainable development given that European Commission 

requires its members to adhere to several legal measures that uphold the principle 

of sustainability.  



11 

 

Given the assumption that the performance in the SD depends on the individual 

countries' income, the European countries are separated into two groups using the 

World Bank classification according to the income level – upper middle income 

(GNI3) and high income (GNI4) countries (Table 2). The GNI per capita is the 

dollar value of a country's annual income divided by population [52]. It should 

reflect the average pre-tax income of a country's population. GNI is a useful 

indicator of the country's economic strengths and the general standard of living 

experienced by the citizens. The GNI per capita correlates with many other indices 

that measure the country's and its people's social, economic, and environmental 

well-being. Based on the insight into the division according to GNI, it can be seen 

that the countries of the GNI3 group, except for Bulgaria, are not EU members, 

while the GNI4 group consists only of EU member countries.  

 

Upper middle income countries – GNI3 

 

High income countries – GNI4 

Albania Austria Italy 

Armenia Belgium Latvia 

Azerbeijan Croatia Lithuania 

Belarus Cyprus Malta 

Bosnia and Herzegovina Czech Republic Netherlands 

Bulgaria Denmark Norway 

Georgia Estonia Poland 

Montenegro Finland Romania 

Moldova France Slovak 

N. Macedonia Germany Slovenia 

Serbia Greece Spain 

Turkey Hungary Sweden 

Ukraine Iceland Switzerland 

 Ireland United Kingdom 

Table 2. 

Analysed countries and their grouping according to the GNI 

3.3 Methodology 

3.3.1 Principal Component Analysis/Factor Analysis  

Principal component analysis (PCA) is mathematically derived from the covariance 

matrix, which explains the dispersion of multiple measured parameters by adding 

eigenvalues and vectors. The covariance matrix (Ks) is calculated by taking the 

mean values of each column from each variable and scaling the columns. The 

resulting output is the extraction of new orthogonal variables called principal 

components (PC's). They represent a linear combination of the original variables 

and provide maximum variance. In order to obtain the simplest and most effective 
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presentation of the principal factors, it is recommended to perform the rotation of 

the axis of the principal components, which leads to the creation of new groups of 

variables called varifactors (VFs). This procedure is commonly known as factor 

analysis (FA). In an attempt to explain the correlation between observations of 

underlying factors that are not directly observable, FA is used in addition to PCA 

analysis. The most important difference between PC and VF is reflected in the fact 

that PC represents a linear combination of observed variables, while VF can take 

into account latent, hypothetical variables.  

3.3.2 Discriminant analysis  

Discriminant analysis (DA) is a multivariate technique applied to classify observed 

variables into one or two alternative groups based on a specific set of measurements. 

This analysis can also be used to determine the variables that contribute to the 

classification. One of its tasks is to graphically or algebraically describe the 

differential features between observations of different sets. Therefore, DA can have 

predictive and descriptive roles. Stepwise discriminant analysis is used when the 

researcher has no reason for assigning some predictors higher priority than others. 

In this research, a linear "stepwise" method, characterised by Mahalanobis's 

distance measure, was applied. The result of training data classification is 

summarised by comparing the obtained and predicted grouping. The effectiveness 

of the discrimination functions can be confirmed using the cross-validation method, 

which determines the degree of predictability of the observed sample from which 

the model was created. Also, the effectiveness can be confirmed with a new data set 

that is used together with the cross-validation model to evaluate the performance of 

the set functions. 

4 Results 

The initial step in this study was to conduct the descriptive statistics by country 

groups GNI3 and GNI4. Mean values of indicators of progress towards sustainable 

development goals are presented in Table 3.  
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 Group of country 

GNI3 GNI4 

Mean Std.dev. Mean Std.dev. 

SDG1 (No poverty) 96.91 4.789 99.37 .565 

SDG2 (Zero hunger) 62.10 6.801 66.57 5.326 

SDG3 (Good health and well-being) 78.40 3.660 91.62 4.334 

SDG4 (Quality education) 84.27 11.307 96.37 3.926 

SDG5 (Gender equality) 59.70 9.598 78.08 9.111 

SDG6 (Clean water and sanitation) 72.25 5.707 83.30 10.480 

SDG7 (Affordable and clean energy) 73.78 4.999 80.26 8.501 

SDG8 (Decent work and economic growth) 71.77 6.161 82.48 4.367 

SDG9 (Industry, innovation and infrastructure) 52.30 10.364 84.80 9.467 

SDG10 (Reduced inequalities) 77.02 16.952 89.49 9.312 

SDG11 (Sustainable cities and communities) 77.96 5.374 88.88 5.185 

SDG12 (Responsible consumption and production) 80.44 5.627 56.59 10.744 

SDG13 (Climate action) 86.61 6.159 65.88 13.829 

SDG14 (Life below water) 62.22 12.784 70.06 10.840 

SDG15 (Life on land) 72.79 13.818 82.11 10.115 

SDG16 (Peace, justice and strong institutions) 69.60 5.512 82.35 7.608 

SDG17 (Partnerships for the goals) 72.00 8.691 62.63 12.529 

Total SDG Index 73.81 2.469 80.14 3.019 

Table 3. 

Descriptive statistics of SDGs indicators for groups of countries for the period 2017-2022 

The results of descriptive statistics indicate that the mean value of the total SDG 

score for the monitoring period is lower in the GNI3 group of European countries 

(73.81) compared to the GNI4 group (80.14). 

4.1 Data structure and the identification of the dominant 

SDGs  

To examine the reliability of the data set for the PCA/FA, Bartlett's sphericity and 

the Kaiser-Mayer-Olkin (KMO) tests were conducted. The high value (close to 1) 

of the KMO measure of adequacy indicates that the PCA/FA is useful. In this study, 

the KMO value is 0,747 (Table 4). This confirms the validity of the obtained 

PCA/FA analysis. Bartlett's sphericity test with a significant level of 0 in this case 

(<0.05) indicated that there are significant relationships among the variables (Table 

4). 
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Kaiser-Meyer-Olkin Measure of Sampling Adequacy .747 

Bartlett's Test of Sphericity      Approx. Chi-Square 2902.180 

     df 136 

     Sig. .000 

Table 4. 

Bartlett’s Test and Kaiser-Mayer-Olkin coefficients 

After testing the validity of the data set, principal component analysis and factor 

analysis (PCA/FA) were performed. In doing so, normalised values of the entire 

data set were used simultaneously for all analysed countries. The PCA of the data 

sets yielded five PCs. The Principal Components with Eigenvalues ˃1 account for 
81,57% of the total variance. Liu et al. (2003) classified the factor loadings as 

"strong", "moderate", and "weak", corresponding to the absolute loading values of  

>0.75, 0.75–0.50 and 0.50–0.30, respectively [53]. The variable loadings and the 

explained variance of SDGs are presented in Table 5. Also, the strong and moderate 

loadings are highlighted in the following table. The PCA/FA analysis extracted a 

satisfactory number of the parameters with the moderate and high loadings of every 

varifactor. This confirms that it is feasible to identify the SDGs that correlate to 

each other and the groups of SDGs that mostly determine the progress towards 

sustainable development. 
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 VF1 VF2 VF3 VF4 VF5 

SDG_1 .250 .125 .153 -.048 -.826 

SDG_2 .013 .273 .846 -.144 -.247 

SDG_3 .859 -.149 .329 .016 -.167 

SDG_4 .752 -.111 .113 -.293 .429 

SDG_5 .887 .052 .244 .141 .061 

SDG_6 .281 .316 .608 .205 .406 

SDG_7 .493 .113 -.217 .600 .238 

SDG_8 .599 .486 .433 -.081 -.113 

SDG_9 .814 -.046 .493 .085 -.108 

SDG_10 .705 .183 -.025 .123 -.079 

SDG_11 .785 .269 .181 -.041 .195 

SDG_12 -.901 -.029 .101 .005 .318 

SDG_13 -.823 -.087 .067 -.143 .247 

SDG_14 .054 .902 .153 .095 -.026 

SDG_15 .103 .767 .182 -.384 -.104 

SDG_16 .863 .225 -.028 .251 .057 

SDG_17 .051 -.170 .063 .909 -.047 

Eigenvalue 6.860 2.075 1.877 1.628 1.427 

% Total variance 40.352 12.208 11.040 9.577 8.397 

Cumulative % variance  40.352 52.560 63.600 73.177 81.573 

*Bold and underlined values indicate strong and moderate mean values, respectively 

Table 5. 

The factor loadings value and explained variance of SDGs 

The sustainable development in Europe is mostly determined by five varifactors 

(VF). The VF1 explains 40.35% of the total variance. This VF is characterised by 

the strong positive loadings of SDG3 (0.859), SDG4 (0.752), SDG5 (0.887), SDG9 

(0.814), SDG11 (0.785) and SDG16 (0.863) and strong negative loadings of SDG12 

(-0.901) and SDG13 (-0.823). The moderate positive loadings are present in the case 

of SDG8 (0.599) and SDG10 (0.705). These results indicate the predominant social-

related sustainable development goals in Europe. VF2 accounts for 12.21% of the 

total variance, whereas the strongest positive loadings are on SDG14 (0.902) and 

SDG15 (0.767), which reflects environmental-related goals. In the VF3, the strong 

positive loading is assigned to SDG2 (0.846), whereas the moderate positive 

loading is on SDG6 (0.608). Both of these SDGs are linked with the social aspect 

of sustainable development. The fourth VF consists of SDG17 (0.909) and 

SDG7(0.6), whereby SDG7, as environmentally related, dominates. Finally, VF5 

consists of a strong positive loading of SDG1 (0.826) and reflects the social 

dimension. 
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4.2 Identification of discriminant SDGs between European 

upper-middle and high-income countries 

In further research, the possibility of defining the SDGs that differentiate upper-

middle and high-income European countries was examined. In Table 6 are given 

key measures of stepwise discriminant function analysis that indicate its' 

effectiveness in this research. The validity of every discriminant function was 

examined by Wilk’s Lambda (λ) Test. Its value ranges from 0 to 1.0. The smaller λ, 

the more it contributes to the discriminant function. In this study, λ values are near 

zero (.08672, .08686, .09540) for standard, forward and backward stepwise mode, 

respectively, which proves high discrimination between groups. The F-ratio 

determines whether the variances in two independent samples are equal. In this case, 

the F-ratio indicates high variability between the two groups. 

 

 Wilks’ Lambda Approx. F Sig. 

Standard stepwise .08672 F (17,228) = 141.24 p˂0.00 

Forward stepwise .08686 F (15,230) = 161.20 p˂0.00 

Backward stepwise .09540 F (7,238) = 322.38 p˂0.00 

Table 6. 

Stepwise discriminant function analysis - measures of effectiveness 
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Table 7. 

Classification functions and their coefficients for DA 

In Tables 7 and 8, the discriminant functions (DFs) and the classification matrices 

(CMs) obtained as a result of the standard, forward and backward stepwise modes 

of the DA are presented. The variable that provided the greatest univariate 

discrimination is selected, and the criterion is re-evaluated for all remaining 

variables. Only variables which subsequently meet this criterion value are entered 

into the model.  

 

Group of countries % Correct Number of cases assigned by DA 

  GNI3 GNI4 

GNI3 96.3 78 3 

GNI4 100 0 165 

Total 98.8 78 168 

Table 8. 

Discriminant matrix 

The standard mode on the 17 analysed SDGs’ constructed the discriminant 
functions – DFs, with approximately 98.78% correct assignation. In the forward 

stepwise mode, the variables were included step by step, beginning with more 

 Standard stepwise 

mode 

Forward stepwise mode Backward stepwise 

mode 

SDG GNI3 GNI4 GNI3 GNI4 GNI3  GNI4 

SDG1 -0.252 0.124     

SDG2 1.885 -0.925 1.855 -0.911   

SDG3 -0.832 0.408 -0.788 0.387   

SDG4 -1.044 0.513 -0,982 0.482   

SDG5 3.28 -1.61 3.226 -1.584 2.611 -1.282 

SDG6 -0.885 0.434 -0.885 0.435   

SDG7 -0.972 0.477 -0.943 0.463 -1.505 0.739 

SDG8 -1.885 0.925 -1.883 0.924   

SDG9 -12.273 6.025 -12.359 6.067 -11.636 5.712 

SDG10 -3.608 1.771 -3.671 1.802 -3.136 1.539 

SDG11 1.395 -0.685 1.422 -0.698   

SDG12 2.137 -1.049 2.504 -1.229 1.819 -0.893 

SDG13 0.166 -0.082     

SDG14 -0.822 0.404 -0.896 0.44   

SDG15 -1.320 0.648 -1.306 0.641 -1.839 0.903 

SDG16 0.932 -0.458 1.146 -0.563   

SDG17 4.858 -2.385 4.818 -2.365 4.495 -2.207 

Constant -11.75 -2.963 -11.731 -2.959 -10.69 -2.708 
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significant ones, whereas no significant changes were obtained. The forward 

stepwise mode of the DA gave the CMs with 98.8% correct assignations using 15 

discriminant parameters. The backward stepwise DA mode rendered the 

corresponding CMs, correctly assigning 98.8% of cases, yielding seven 

discriminant parameters (SDG5, SDG7, SDG9, SDG10, SDG12, SDG15, SDG17).       

5 Discussion 

The results of descriptive statistics showed that low-income countries (GNI 3) lag 

behind more developed countries in meeting almost all sustainable development 

goals, considering the overall SDG score. Based on this, it can be concluded that 

the country's higher level of economic development leads to greater success in 

implementing the general concept of sustainability, which is confirmed by the 

previous studies [31,34,35].  

Conversely, higher values in GNI3 countries are recorded in the cases of SDG 12 

(Responsible consumption and production), SDG13 (Climate action), and SDG17 

(Global partnership for sustainable development). It is confirmed by Lusseau and 

Mancini's (2019) study, which points out that, in contrast with low-income 

countries, for high-income countries, SDG13 (climate actions) and SDG12 

(responsible consumption) are obstacles to other goals [29]. To combat climate 

change, nations must switch to renewable energy sources, halt deforestation, and 

modify production and consumption patterns [33].  

Given that the first two goals are related to the environmental dimension of 

sustainability, the results of this study confirm that lower-income countries are more 

advanced in terms of the SDGs that fall under the environmental dimension [54,55], 

even though the environmental aspect is an urgent problem and a subject of 

discussion during the implementation of various projects all over Europe [16]. One 

of the explanations is that high-income countries leave a higher environmental 

footprint than low-income countries [56]. Global material consumption and the 

amount of material waste per person have increased dramatically, endangering the 

attainment of SDG 12. The footprint per capita of developed countries is at least 

double that of underdeveloped countries for every type of material, especially 

because of a more than four times higher material footprint for fossil fuels. 

According to Jabbari et al. (2020), Goal 17, which emphasises the need for global 

partnership, is an overarching goal providing the means of implementing all other 

SDGs [31]. Based on that, developing countries are on the right course in achieving 

sustainable development in the future, while partnerships among developed 

countries stagnate.  

By applying PCA/FA, all SDGs are grouped into five VFs, confirming the 

conditions for a significant reduction in the initial data set. SDGs that belong to the 

same varifactor are mutually conditioned. In this manner, the first VF consists of 9 
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SDGs, and we can characterise it as socio-economic because it is dominated by 

SDGs of social (SDG3, SDG4, SDG5, SDG11, SDG16) and economic (SDG9, 

SDG10) nature. They are positively conditioned; that is, progress in achieving one 

affects progress in achieving other goals. In this VF, only SDG12 (Responsible 

consumption and production) and SDG13 (Climate action) are exceptions because 

they relate to environmental issues. Also, with the same SDGs, negative factor 

loadings are noticeable, which indicates that the fulfilment of other SDGs from this 

group causes negative consequences for climate change and responsible 

consumption. The second VF can be characterised as ecological because it 

comprises only two SDGs - Life below water and Life on land, which act 

synergistically. 

VF3 is also made up of two SDGs, which are considered to be mutually conditioned. 

In this case, both are social - Zero hunger and Clean water and sanitation and 

represent prerequisites for satisfying basic human needs. Socio-economic SDGs are 

intertwined in VF4, where we simultaneously have Affordable and clean energy 

and Partnerships for goals. This component implies that strengthening 

multilateralism and global partnerships is the prerequisite for ensuring affordable, 

sustainable, and modern energy for all. The last VF is reflected only in SDG1 - No 

poverty and it is reflected as a social dimension. It can be concluded that this SDG 

does not interact with others because the level of poverty in the territory of Europe 

is very low, and its impact on others is in this area unrecognizable. It can be 

concluded that the success of European countries in the implementation of 

sustainable development concepts is mostly determined by specific social and 

economic indicators. Also, there are notable synergies between SDGs, especially 

when it comes to the socio-economic dimensions. Conversely, important potential 

trade-offs with environmental-related SDGs are identified and solutions for 

overcoming these should be considered.  

In this study, a stepwise discriminant analysis was used to determine those variables 

(SDGs) which were best suited to differentiate between the two groups of countries 

– upper-middle (GNI3) and high (GNI4) income levels. The low values of this 

coefficient for the mentioned modes prove that the DA in this study was valid and 

effective. When a stepwise procedure was run, seven (SDG5, SDG7, SDG9, 

SDG10, SDG12, SDG15, SDG17) of the seventeen original variables remained. By 

analysing the SDGs that were extracted as discriminatory, it can be recognized that 

these are predominantly socio-economic (SDG5 – Gender equality, SDG7 – 

Affordable and clean energy, SDG9 - Industry, innovation and infrastructure, 

SDG10 - Reduced inequalities, SDG17 - Partnership for goals), while two of them 

are environmental related (SDG12 - Responsible consumption and production and 

SDG15 - Life on land).  

Even though the SDGs related to the environmental dimension are more fulfilled in 

GNI3, it is concluded that the differences between these two groups of countries are 

mainly reflected in their socio-economic conditions. Through comparative analysis 

with the results of descriptive statistics, it was observed that the success in achieving 
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the socio-economic SDGs is far greater in the case of high-income countries, which 

indicates that the goals of sustainable development aimed at the socio-economic 

dimensions represent a dominant factor that contributes to the greater success of 

GNI4 countries in reaching the concept of sustainability. The significant advantage 

of the GNI4 countries is reflected in a gender equality, a higher degree of industrial 

development and innovation, better access to affordable and modern energy for all, 

equal opportunities and rights for all people without discrimination and peaceful, 

inclusive societies with effective and accountable institutions at all levels. At the 

same time, it indicates a significant backlog of GNI3 countries in those areas and 

the necessity of strengthening measures and policies to improve these goals. On the 

other hand, the discrimination goals of responsible consumption and partnership for 

goals indicate clear differences between GNI3 and GNI4, where, unlike the previous 

one, countries with a low-income level are more successful in their implementation. 

The result, which is reflected in significantly better environmental-related SDG12 

in lower-income countries, does not necessarily mean that those countries are more 

committed to ecology and environmental protection, but only that they do not have 

the prerequisites for leaving higher environmental footprint. Strong international 

cooperation is needed now more than ever to ensure that countries have the means 

to achieve the SDGs especially after the COVID19 pandemics. During the 

pandemic period which is covered by this research, countries began to close and all 

international cooperation and contacts stopped. Accordingly, this could be the 

reason for the poor results in the field of SDG17 (Partnership for goals). 

 

Conclusions 

In this paper, multivariate statistical techniques such as PCA/FA and discriminant 

analysis were conducted to determine the dominant SDG structure in Europe and 

whether SD priorities vary by income level. Climate action and responsible 

consumption and production can undermine or inhibit progress toward a range of 

development goals. We must reverse current trends and shift our consumption and 

production patterns to a more sustainable course. Multilateralism and global 

partnerships are more important than ever if we are to solve the problems of high-

income countries. The results indicate that some countries that fall behind in social 

and economic sustainability (mostly developing countries in Europe) get relatively 

better scores in environmental goals. However, this advantage should be taken with 

a grain of salt because any future economic progress of these countries could slow 

down the achievement of environmental SDGs. 

Given the broad scope of the SDGs, policymakers will need to easily assess the 

economic, social and environmental implications of their strategies in an integrated 

way over the long term. The results of this study should provide insight and 

direction for future efforts to promote sustainable development. The conducted 

analysis proved that there are common features and differences between European 

states depending on income level. Therefore, various and specific measures are 

needed to support the improvement of sustainable development. High-income 
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countries should prioritize environmental sustainability through resource efficiency, 

waste reduction, sustainable management of chemicals and wastes, and the 

implementation of environmentally sound practices. Conversely, middle-income 

countries' policymakers must take action to ensure economic competitiveness and 

social growth, which, according to the results of PCA/FA, drive the overall SDG 

score and form the basis of progress in implementing the concept of sustainable 

development. 
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