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Abstract

:

The goal of this research is a static geographic comparison of the degree of Sustainable Development Goal 8 (SDG8) implementation and to compare its dynamics for the European Union (EU) in the period of 2002–2021 with the consideration of the COVID-19 pandemic. The level of implementation of the 2030 Agenda for Sustainable Development objectives is monitored both jointly and individually. This research uses the COPRAS, the Dynamic Time Warping (DTW) and the hierarchical clustering methods. The study confirmed the geographical diversity in the degree of SDG8 implementation. Nordic countries have the highest degree of implementation, while Greece, Spain, Italy, Romania and Slovakia have the lowest. Some less-developed countries (Czechia, Poland and Malta) were in the cluster where the implementation improved, and some well-developed countries (France, Luxembourg and Portugal) were in the cluster in which the situation did not improve or improved at a low degree. It was not possible to identify geographical diversity in the dynamics of changes in the degree of SDG8 implementation. The COVID-19 pandemic caused the decline in the degree of SDG8 implementation. The added value of the study consists of comparing the dynamics of the degree of implementation of SDG8 using the DTW method. The obtained conclusions may help to create policies for EU countries in this regard.
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1. Introduction


In 2015, the United Nations General Assembly approved the universal 2030 Agenda for Sustainable Development [1]. It includes 17 distinct Sustainable Development Goals (SDGs) and 169 individual targets under these goals. They were at first thought to be aspirational and global goals, and national governments were expected to decide how they should be integrated into national planning, policy and strategy processes. The goals were seen as milestones, setting the direction of changes but not defining implementation at the national level. The level of achievement of individual goals is monitored. Studies such as this one are carried out both for all the goals together and for individual goals. The conclusions of the evaluation activities are intended to assist in their implementation. Undoubtedly, disruptions in their implementation may be caused by crises of a local nature, i.e., affecting one country. However, due to the globalisation of socio-economic processes, the greatest disruptions to the implementation of the Sustainable Development Goals are brought about by crises of a global nature. Reporting on progress towards the Sustainable Development Goals is extremely important in terms of creating appropriate policy [2]. An analysis of trends in publications in the area of the Sustainable Development Goals shows that one of the less highlighted goals is Sustainable Development Goal 8 (SDG8—Decent Work and Economic Growth) [3].



The goal of this research is a static geographic comparison of the degree of Sustainable Development Goal 8 implementation and to compare its dynamics for the European Union (EU) in the period 2002–2021 with the consideration of the COVID-19 pandemic. The analysis was conducted in two planes. The first one was a static analysis in which the EU countries were divided into homogeneous clusters with regard to the degree of achievement of SDG8 in selected years: 2002 (the beginning of the research period), 2009 (the peak of the financial crisis) and 2021 (the health crisis resulting from the COVID-19 pandemic). The second aspect was a dynamic analysis that compared the dynamics of the degree of SDG8 implementation and the influence of the COVID-19 pandemic. The following research methods were applied: linear ordering using the COPRAS method, the Dynamic Time Warping method and a hierarchical cluster analysis with the application of Ward’s method. The stated research objective is to identify the most divergent countries from those with the highest degree of SDG8 implementation (static analysis). The objective of the dynamic analysis was to identify groups of countries with a similar direction of change in the degree of SDG8 implementation. This may allow similar policies to be implemented to support sustainable development. The dynamics of the composite measure will identify which clusters of countries were most severely affected by the pandemic and which would require specific support. The use of less frequently used statistical and mathematical methods in the construction of composite measures can be considered an added value of the study [3].



This paper is organised as follows: Section 2 contains a discussion of the SDG8 targets and a literature review. In Section 3, the data used in the study and applied research methods are described. Section 4 contains a discussion of the results of the empirical study. Section 5 contains a discussion and Section 6 contains conclusions, directions for future research and limitations of the study.




2. Sustainable Development Goals


The Sustainable Development Goals were established by the United Nations General Assembly in 2015 (Resolution approved by the General Assembly) [1]. Progress towards the objectives is measured, monitored and evaluated using 17 goals. Sustainable Development Goal 8 (SDG8) is to “promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all. SGD8 is the aspiration that the economic sector of each country should provide its citizens with the necessary needs for a good life, regardless of their origin, race or culture”. SDG8 has a total of twelve targets. They are included in Figure 1.



All Sustainable Development Goals are connected to each other. Research conducted by Fonseca et al. [5] indicates that SDG8 is positively correlated with most of the other SDGs. It is strongly and positively correlated with SDG2–SDG5, SDG7, SDG9, SDG11 and SDG16, and strongly negatively correlated with SDG12 (Responsible Consumption and Production). It should be noted here that SDG12 is negatively correlated with most of the other targets.



There is no doubt that crisis situations have an impact on the realisation of the Sustainable Development Goals. In recent years, the COVID-19 pandemic has been such an event. It has affected the socio-economic phenomena [6,7,8,9,10]. The Sustainable Development Goals Report 2021 [11] indicates that even before the pandemic outbreak, global economic growth had slowed. However, the beginning of the pandemic in 2020 severely disturbed global economic activity. The COVID-19-driven recession was assessed as the worst since the Great Depression.



As Kreinin and Aigner [12] highlight, SDG8 hinders society’s ability to achieve other Sustainable Development Goals and prevent disastrous environmental crises. They point out that a focus on economic growth and a focus on an increase in employment lead to unsustainable and inequitable consequences. Currently, only sub-goals 8.4, 8.7 and 8.8 are adequate in achieving the overall SDGs and 2030 Agenda goals of ending poverty and ensuring prosperity and protection of the Earth. The authors proposed a redesigned SDG8 framework, together with new targets and a new set of indicators, which together are expected to contribute to harmonising SDG8 with the overall goals of the 2030 Agenda.



Projections for the SDG targets in Austria for 2020 were presented by Bilek-Steindl and Url [13]. They showed that the SDG8 targets are strongly linked to the underlying economic situation and that the outcomes of the COVID-19 pandemic are evident in the results for 2020. In particular, the evaluation of indicators involving the economic aspect has rapidly declined with the economic crisis. The authors point out that some of the data on the SDG8 target are insufficiently up to date. They present ‘in-work at-risk-of-poverty rate’ and the ‘resource productivity’ as examples. The lack of data published with sufficient frequency makes forecasting difficult.



Regional organisations play an important role in the implementation of the SDGs. Both the Association of Southeast Asian Nations (ASEAN) and the European Union are examining and experimenting with various institutional mechanisms to participate in the achievement of these goals. The result of these experiments is the creation of new institutional mechanisms and initiatives. These new institutional instruments and mechanisms are characterised by varying degrees of effectiveness [14].



One of the issues that inhibits efforts to predict progress in implementing the Sustainable Development Goals is the lack of data on crises and the poor quality of some data [15]. Despite this, numerous attempts are being made to assess the impact of the COVID-19 pandemic on the SDGs. The research conducted by Alibegovic et al. [16] presented the impact of the pandemic on the SDGs in Italy. They found that SDG1 (No Poverty), SDG4 (Quality Education) and SDG8 (Decent Work and Economic Growth) were the goals most affected by COVID-19. In contrast, research by Shulla et al. [17] indicates the impact of COVID-19 on stronger links between SDG4, SDG8, SDG3 (Health and Well-Being) and SDG13 (Climate Action) goals. In Portugal, implementation of SDG8 during the first wave of the pandemic was threatened by corporate bankruptcy and the increase in unemployment [18]. The research conducted by Lucas and Landman [19] consisted of an analysis of the impact of COVID-19 on target 8.7. They point out the major limitations of the study caused by limited data availability. As Ranjbari et al. [20] indicated, there was an urgent need for action to support the achievement of the SDGs, particularly in the following directions: (1) opportunities for transformative sustainable development following COVID-19 with a focus on SDG12 (Consumption and Production) and SDG9 (Industry, Innovation and Infrastructure), (2) innovative solutions for economic resilience in support of SDG1 (No Poverty), SDG8 and SDG17 (Partnerships for the Goals), and (3) an in-depth analysis of the long-term implications of COVID-19 for social sustainability to achieve SDG4, SDG5 (Gender Equality) and SDG10 (Reducing Inequalities). The research conducted by Ranjbari et al. [21] attempted to identify priority areas for action after the COVID-19 crisis towards the implementation of the SDGs under the 2030 Agenda for Sustainable Development. Target 8.3 (development-oriented policies for supporting creativity and job creation) was identified as one of the highest priorities for action.



Most often, measures are taken to reduce the impact of crises negatively affecting the overall level of sustainable development. However, the impact of crises is not always negative. An example is the crisis resulting from the COVID-19 pandemic. The pandemic increased the demand for working from home, especially for parents with young children or school-age children. As a result, teleworking has gained attention and is estimated to continue in the future. Thus, a new form of employment in relation to the conventional workplace has become widespread [22,23]. Also, the acceleration of digitalisation may soon create more employment opportunities [24]. These factors have the potential to positively influence employment by using more effective approaches that can strengthen the progress towards the implementation of SDGS8 [25].



In their report, Sciarra et al. [26] ranked countries by the SDGs-GENEPY (GENeralised economic comPlexitY) framework [27] and SDG Index [28]. European and North American countries are at the top of these rankings. African and South Asian countries are in the worst situation. The analysis conducted by Pakkan et al. [29] points to correlations between the goals. SDG8 is often studied in conjunction with SDG9. In contrast, research conducted for Australia by Bandari et al. [30] indicates a strong link between SDG8 and SDG2 (Zero Hunger), and Rai et al. [31] argue that SDG8 focuses on Decent Work and Economic Growth insufficiently. In addition, they argue that SDG8 is at odds with SDG5, which calls for the value of domestic work and unpaid care to be recognised. On the other hand, the SDG8 implementation is positively influenced by the development of high-quality education, which is embedded within SDG4 [32].



The European Union is pursuing an accelerated transformation from the present linear economy to a circular one (CE). The CE is considered as a tool to achieve SDGs [33,34]. The research conducted by Rodríguez-Antón et al. [35] showed a significant positive correlation between the implementation of SDG8 and adherence to CE targets. This is particularly evident in such countries as Austria, Belgium, Denmark, France, Germany, Italy, the Netherlands and the United Kingdom.



Finally, Jianu et al. [36] investigated labour market inequalities in the EU, as expressed by specific indicators used for SDG8 of the 2030 Agenda for Sustainable Development on the basis of a cluster analysis for the 27 Member States. The first cluster comprised the majority of EU countries, geographically located in Eastern and Central Europe along with the Baltic countries, as well as two Mediterranean countries—Portugal and Greece. The principal characteristics of these countries were low values of the real GDP per capita, resource productivity and domestic material consumption and high values recorded for the NEET indicator for young people, the in-work at-risk-of-poverty rate the and long-term unemployment rate.



The analysis of the literature provided the basis for the following research hypotheses:



H1. 

It is possible to identify regions of the European Union with a similar level of SDG8 implementation.





H2. 

It is possible to identify regions of the European Union with similar dynamics of change in the degree of SDG8 implementation.





H3. 

The COVID-19 pandemic caused the decline in the degree of SDG8 implementation.





The problem addressed in H1 is reflected in the available literature. The contribution of this study is to present the changes in the geographical distribution of countries with a similar degree of SDG8 implementation over a long research horizon. The verification of H2 fills a research gap related to the assessment of the dynamics of change in the degree of SDG8 implementation and its comparison using the DTW method. Also, the study of the impact of the COVID-19 pandemic on the degree of SDG8 implementation using a synthetic measure created with the COPRAS method (verification of H3) is the added value of the research.




3. Data and Research Methodology


In this study, a pre-defined set of indicators included in the Eurostat database was used. There are criticisms and proposals for new indicators in the literature. In their study, Kreinin and Aigner [12] suggest a new SDG8 framework consistent with the strong sustainability concepts of ‘Sustainable Work and Growth’. Similarly, Coscieme et al. [37] stress that pursuing unconditional GDP growth risks failing to achieve the Sustainable Development Goals. SDG8 implementation through continued GDP growth will make it more difficult to achieve environmental and inequality reduction goals. They propose guidelines for the selection of alternative indicators related to the achievement of SDG8. In addition, another problem arises. Many of the SDG indicators used to monitor implementation of the goals have long publication delays [38].



The Eurostat database collects data on sustainable development. These are grouped according to individual headline goals and include variables to examine these targets. The SDG8 data from period 2002–2021 were applied. There are eight variables related to the implementation of SDG8:



	
x1—GDP per capita in constant prices from year 2021 (in Euro);



	
x2—Investment share of GDP by institutional sectors (percentage of GDP);



	
x3—Young people (aged 15–29 years) neither in employment nor in education and training by sex (NEET) (percentage of total population);



	
x4—Employment rate (for persons aged 20–64 years) (percentage of total population);



	
x5—Long-term unemployment rate (percentage of total population in the labour force);



	
x6—In-work at-risk-of-poverty rate (percentage of total employed persons, aged 18 years and more);



	
x7—Fatal accidents at work per 100,000 workers;



	
x8—Inactive population due to caring responsibilities (percentage of population aged 20–64 outside the labour force and wanting to work).






The Eurostat data are public and freely available. They are collected in accordance with statistical reporting rules and have a high degree of reliability. These data do not require ethical considerations. The calculations were conducted in R language [39] with the use of the following libraries: clusterSim [40], dtw [41], NbClust [42] and factoextra [43].



The survey was conducted in several stages according to the following scheme (Figure 2).



In the first step of the static analysis, the pattern, i.e., best values of all variables, were determined (Table 1).



The best values of variables vary across the countries and years. For half of the variables, their best values were in the Nordic countries. This confirms the initial finding that these countries are the ones with generally the highest degree of SDG8 implementation.



The static analysis (verification of H1) consisted of the selection of the homogeneous clusters of countries, with the artificial one being the pattern country (the hypothetical one with the best values of variables, as presented in Table 1). Although such an analysis can be performed every year, the size would exceed the capacity of this research. Therefore, three years were selected: 2002 (the beginning of the research period), 2009 (the peak of the financial crisis) and 2021 (the health crisis resulting from the COVID-19 pandemic). The agglomerative clustering method with Ward’s method for minimising the total within-cluster variance was used [44]. The hierarchical clustering was based on the distance matrix. For the static analysis, the Euclidean distance matrixes between the countries were applied.



The dynamic analysis allowed for verification of H2 and H3. Its first stage was the assessment of the degree of SDG8 implementation every year by means of linear ordering. Linear ordering methods are types of multivariate statistical analysis. The idea of linear ordering methods is the creation of a composite measure from a set of a larger number of variables. There are many linear ordering methods, which can be divided into two main groups: the pattern and patternless methods. The pattern methods assess the position of every object by means of the weighed distance of them from the so-called pattern or anti-pattern, which is the hypothetical object with the best (worst) values in the dataset. The patternless methods are based on the weighed sums of normalised variables. One of the patternless methods—the COPRAS method—was selected. In the second stage of the dynamic analysis, we compared the time series created from the composite measures by means of the DTW method and used the results in hierarchical clustering to distinguish homogeneous clusters of EU countries with respect to the dynamics of the degree of SDG8 implementation (verification of H2). In the third stage of the dynamic analysis, we assessed the influence of COVID-19 on the degree of SDG8 implementation (verification of H3).



It is worth noting that the static and dynamic analyses are complimentary, and thus cannot be directly compared. The static analysis was conducted for every year separately, while the dynamic one was conducted for the whole period (2002–2021).



3.1. The COPRAS Method


The COPRAS (the COmplex PRoportional Assessment) method was invented by the Lithuanian researchers Zavadskas et al. [45]. It was created for the needs of the decision theory and belongs to the group of Multiple-Criteria Decision-Making (MCDM) methods. MCDM methods are used to analyse the Sustainable Development Goals [46]. There are no clearly defined ways of selecting methods. When it comes to ranking, different methods may give different results [47]. The COPRAS method is also applied in the analysis of socio-economic phenomena [48,49,50,51]. However, it can also be used in multivariate statistical analysis. There are five steps of the COPRAS method. In the first one, there is the observation matrix X:


  X =     x   i j     =        x   11       x   12     ⋯     x   1 m         x   21       x   22     ⋯     x   2 m       ⋮   ⋮   ⋱   ⋮       x   n 1       x   n 2     ⋯     x   n m          f o r   i = 1 , . . . , n ; j = 1 , . . . , m  



(1)




where the components are as follows:



	
    x   i j    —Value of j-th variable in the i-th object;



	
n—Number of objects;



	
m—Number of variables.






In the second step, the data are normalised in order to remove units and ensure that the variables have the same order of magnitude. In this research, one of the quotient inversions, given by the following formula, was selected:


    z   i j   =     x   i j        ∑  i = 1   n      x   i j   2          f o r   i = 1 , . . . , n   j = 1 , . . . , m  



(2)




where     z   i j     is the value of the j-th variable in the i-th object after normalisation.



In the third step, the weighted normalised values of variables are calculated:


    t   i j   =   z   i j     w   j   , i = 1 , … , n ; j = 1 , … , m  



(3)




where     w   j     is the weight of the j-th variable, satisfying the following conditions:


    w   j   ∈   0,1    



(4)






    ∑  j = 1   m      w   j     = 1  



(5)







There are many methods used to assess the weights of variables. In this research, equal weights were assumed. The reason for this was that the weights allocated by statistical methods (on the basis of variation or correlation between variables) would vary from year to year. By contrast, using expert methods to assign weights would have resulted in a high level of subjectivity. As it is difficult to state whether some variables are of greater importance than others, equal weights are assumed. In the fourth step, the weighted sums for stimulants (    S   i   +    ) and destimulants (    S   i   −    ) for all objects are calculated:


    S   i   +   =   ∑  j ∈   J   +        t   i j       f o r   i = 1 , … , n  



(6)






    S   i   −   =   ∑  j ∈   J   −        t   i j       f o r   i = 1 , … , n  



(7)




where the components are as follows:



	
    J   +    —Variables that are stimulants;



	
    J   −    —Variables that are destimulants.






Stimulant variables are the ones where the highest values are the most preferred, and destimulants are the opposite. In our case, the variables     x   1    ,     x   2     and     x   4     are the stimulants. The remaining variables are the destimulants. In the fifth step, the value of the synthetic variable is obtained:


    q   i   =   S   i   +   +     ∑  i = 1   n      S   i   −         S   i   −     ∑  i = 1   n      1     S   i   −           f o r   i = 1 , … , n  



(8)







The value of     q   i     is not normalised;       max   i    ⁡      q   i         is the best object and       min   i    ⁡      q   i         is the worst object. The composite measures for every country every year were calculated. These variables then created the time series of the degree of SDG8 implementation, which were compared with the use of the Dynamic Time Warping (DTW) method.



The advantage of the COPRAS method in this study over methods based on distances from the pattern and anti-pattern is due to the fact that their values also deteriorate during crises, which does not necessarily translate into a deterioration of the synthetic variable. Relying on the weighted sums of the normalised values alone (as in the COPRAS method) results in a decrease in the value of the synthetic measure when the indicators deteriorate and an increase if they improve. A disadvantage of the COPRAS method is that there must be at least one variable that is a destimulant. In this study, this assumption is satisfied.




3.2. Dynamic Time Warping (DTW)


DTW measures the similarity between time series. This method uses dynamic programming to find the optimal match between them with respect to a given score function. It was proposed by Bellman and Kalaba [52] and first used for speech recognition [53,54]. Its primary use has been in technical sciences, although more and more often its applications cover the areas of finance [55,56,57], labour markets [58,59] and energy markets [60,61,62].



There are four steps of the DTW method. Let   X = (   x   1   ,   x   2   , … ,   x   N   )   and   Y = ( y ,   y   2   , … ,   y   M   )   be two time series. In the first step, the time series are normalised. The z-normalisation was selected. In the second step, the local measure of cost for two elements of X and Y is specified.


  c     x   i   ,   y   j     =     x   i   −   y   j       f o r   i = 1,2 , … , N , j = 1,2 , … , M  



(9)







In the third step, the time warping path is constructed, which is the point-to-point match between X and Y by means of the following sequence:


  p = (   p   1   , … ,   p   L   ) ,   p   l   =     n   l   ,   m   l     ∈   1 , … , N   ×   1 , … , M    



(10)




for   l ∈   1 , … , L   ( L ∈     max  ⁡    N , M     , … , N + M − 1   )  .



This satisfies the boundary, monotonicity and step-size conditions. The first condition provides that the first and the last element of   p   are     p   1   = ( 1,1 )   and     p   L   =   N , M     (the first (last) index from the first sequence must be matched with the first (last) index from the second one). The monotonicity and step-size conditions provide that the path always goes up, right or up and right of the current position, i.e.,


     p   l + 1   −   p   l   ∈     1,0   ,   0,1   ,   1,1       for   i = 1 , … , L − 1   



(11)







In the fourth step, the optimal match is found. It satisfies all the aforementioned restrictions and minimises the total cost     c   p     X , Y     of a warping path   p  . This cost is calculated using the following equation:


    c   p     X , Y   =   ∑  l = 1   L    c (   x     n   l     ,     y     m   l     ) =   ∑  l = 1   L        x     n   l     −   y     m   l          



(12)







Therefore, the optimal alignment between X and Y is


  D T W   X , Y   =   c   p *     X , Y   = m i n ⁡ {   c   p     X , Y   | p ∈ P }  



(13)




where P is the set of all warping paths.



The DTW distance, i.e., a stretch-insensitive distance between the two time series, which is also the minimum distance between the series X and Y, is therefore defined as


  D T W   X , Y   = D   N , M    



(14)







The degree of similarity between time series can also be tested using other distance measures, such as the Euclidean metric or other known distance measures. The first advantage of the DTW method in this respect is that the time series being compared do not have to be of equal lengths. The second advantage of this method is that it adjusts much better to differences in the cycles.



The calculated distances were applied in hierarchical clustering. The assessed similarities between the analysed time series by means of DTW were used in the hierarchical agglomerative clustering. A dendrogram was built with the use of the Ward’s method.





4. Empirical Results and Discussion


The data used in the study covered the years 2002–2021. The static analysis was conducted for each year separately. The exact results of the cluster analysis for three years are presented: 2002 (the first analysed year), 2009 (the peak of the financial crisis) and 2021 (the COVID-19 pandemic). The countries were also joined by a hypothetical ‘ideal’ country with values for the variables that are the pattern of development. The variables were normalised by using the data.Normalization function from the clusterSim R package. In every analysed year, we specified the number of clusters by using the NbClust function from the NbClust R package and applying the Beale index [63]. The results are presented in Figure 3, Figure 4 and Figure 5 (the dendrograms were drawn by using the fviz_dend function from the factoextra R package).



4.1. Results of the Static Analysis


The static analysis was used to verify H1.



In each of the three analysed years (2002, 2009 and 2021), the hypothetical pattern country always formed a separate cluster. This means that even the countries with the overall best situation with respect to the implementation of SDG8 had some weaker areas that did not allow them to be in the same cluster as the hypothetical pattern country. In 2009 only, Luxembourg had the most similar situation with respect to the degree of implementation of SDG8 as the pattern country (Figure 4). In each of the three analysed years, Sweden, Denmark, the Netherlands and Finland were in one cluster. They were the countries that, in the majority of the analysed years, were at the top of the degree of SDG8 implementation. Poland, Bulgaria, Romania, Croatia, Greece and Malta were, at the beginning of the period under analysis, in the group of countries with the lowest degree of SDG8 implementation (Figure 3). Over the years, Slovakia’s position improved slightly, and Italy and Spain joined the cluster of countries with the lowest degree of SDG8 implementation. Germany, Belgium, Ireland and France were the countries forming clusters with a good (but not the highest) degree of SDG8 implementation throughout the analysed period. The remaining countries that joined the EU in 2004 were among those with an average degree of SDG8 implementation. The degree of SDG8 implementation in Ireland and Luxembourg was high, but their membership in the clusters was the most changing. The next two countries whose membership in the clusters was variable were Poland and Malta. They, in turn, are at the other pole of the degree of SDG8 implementation. Crisis periods have most severely deteriorated the degree of SDG8 implementation in Spain and Italy. This is also reflected in their membership in the clusters in 2009 and 2021 (Figure 4 and Figure 5).




4.2. Results of the Dynamic Analysis


The dynamic analysis was used to verify H2 and H3. In the first stage of the dynamic analysis, the degree of SDG8 implementation was assessed by means of the COPRAS method. In each year, the synthetic measures were calculated for every country. Thus, the obtained time series of the synthetic measure for every country were compared pairwise by using the DTW method. In the second stage of the dynamic analysis, on the basis of these comparisons, the DTW distance matrix for the whole period by using the dtw function from the dtw R package was obtained. This matrix reflects the comparison of dynamics of the degree of SDG8 implementation and was the basis for the hierarchical clustering (Ward’s method). Similarly, as in the static analysis, the Beale index in the NbClust function from the NbClust R package was applied to obtain the optimal number of clusters and the fviz_dend function from the factoextra R package to draw the dendrogram. The results of this analysis verify H2 and are presented in Figure 6.



A total of 15 clusters with respect to the similarity of dynamics of the degree of SDG8 implementation were obtained. Italy (further referred to as Cluster 1), Spain (Cluster 2), Sweden (Cluster 3), Greece (Cluster 4), Portugal (Cluster 5), Ireland (Cluster 6), Slovenia (Cluster 7), Bulgaria (Cluster 8), Cyprus (Cluster 9) and Croatia (Cluster 10) formed separate single clusters. The dynamics of the synthetic variable formed clusters for the following countries:




	
Estonia and Lithuania (Cluster 11);



	
Romania, Czechia, Slovakia, Belgium and Latvia (Cluster 12);



	
Malta, Hungary, Germany and Poland (Cluster 13);



	
Denmark, Luxembourg and Austria (Cluster 14);



	
France, the Netherlands and Finland (Cluster 15).








It can be found that the similarity of countries with the degree of SDG8 implementation (static analysis) does not have much in common with their dynamics. In general, it was hard to distinguish well-separated clusters with respect to dynamics of the SDG8 implementation. That is why the optimal number of them is that big. The results indicate that it is hard to find similarities between the dynamics of the degree of SDG8 implementation between the EU countries. The most similar countries with regard to the dynamics of the degree of SDG8 implementation were Poland and Germany, while Portugal was the most dissimilar with respect to all other EU countries. In the cases of Greece and Spain, the degree of SDG8 implementation at the end of the analysed period was lower than at the beginning. For Portugal (the most dissimilar country with comparison to other ones), it was the most steady (the degree of SDG8 implementation in Portugal had only small fluctuations). The highest increase was observed in the case of Ireland.



In the last stage of the dynamic analysis, H3 was verified. The average values of the COPRAS measure for each of the 15 clusters, obtained in the previous stage, are presented in Figure 7.



The dynamics of all clusters varies, which confirms the findings from the second stage (Figure 6). However, some common regularities for each cluster can be seen. Firstly, the financial crisis of 2007–2008 did not cause a significant decline in the degree of SDG8 implementation. Some clusters (3 and 15) showed its high increase. The second common regularity for all clusters is the decline in the year 2020 (the first year of the COVID-19 pandemic). In 2021, the degree of SDG8 implementation increased in most clusters. Only Clusters 3, 6, 8, 14 and 15 reported a further decline in SDG8 implementation. Therefore, this confirms H3, that the COVID-19 pandemic caused deterioration in the degree of SDG8 implementation. However, high differences between the clusters’ dynamics (especially since Clusters 1–10 consist of single countries) indicate that the directions of changes are different. This makes the implementation of a common policy with regard to the degree of SDG8 implementation difficult, if not impossible.





5. Discussion


The first research hypothesis concerned the geographical variation in the degree of SDG8 implementation. It was verified positively. The conducted study confirms the results of other studies. The results of the analysis by Rocchi et al. [64] showed that in 2019, the Nordic countries were the most advanced among European countries in terms of achieving the SDGs. These countries were at the top of the ranking for all dimensions, except for the environmental dimension in the case of Denmark. Moreover, Barbier and Burgess [65] explain such results by the institutional effectiveness and good governance associated with long-term development and success in sustainable development. This fact can explain the high position of the Nordic countries in terms of SDG implementation. The EU Baltic States and the post-communist countries performed the worst. The low position of the EU post-communist countries is due to their later accession to the EU. It should be noted that their accession had a positive impact on economic development, including the labour market [59]. However, the question of whether the economies of EU members are ‘driving’ the economies of EU candidates depends on a number of factors and is still open [66].



The high position of Sweden in terms of the implementation of all SDGs was pointed out by Stanujkic et al. [67]. And although this country was not leading in all the goals implemented, it ranked very high (e.g., SDG8) or high in all of them. Their research indicates a weak position of Romania, as well as Bulgaria. This is consistent with our analysis. Both countries are Eastern European ones and joined the EU in 2007. These countries have not included sustainable development as a demand in their policies yet. Interestingly, Romania ranks high in terms of implementing SDG7 [61]. Studies indicate an improvement in the energy use process in this country [68]. However, improvements are needed in the targets included in SDG8.



The targets and their constituting indicators of SDG8 in 2019 were assessed by Skvarciany and Astikė [69]. They showed that the most important indicator is the annual growth rate of the real GDP per employed person. In 2019, the countries that progressed the most in the implementation of SDG8 were Germany and France. Finland and Latvia made less progress in SDG8 implementation. The level of SDG8 implementation in EU countries between 2001 and 2020 was analysed by Grzebyk et al. [70]. Their results confirm that in most EU countries there have been positive changes in its implementation in the years studied. This is demonstrated by the increasing values of the synthetic measure calculated for each of the EU27 countries. According to their ranking in 2020, the Netherlands and Sweden were in the highest positions and Bulgaria and Romania were in the lowest positions. The latter two countries formed a separate cluster of countries in our 2021 study. In contrast, our analysis with respect to dynamics of the degree of SDG8 implementation indicated that both countries at the top of the ranking and at the bottom of the ranking were in separate clusters. This shows that changes in the implementation of the SDG8 targets in these countries have occurred in different ways. In contrast, in Carlsen’s [71] ranking of the EU27 countries for 2019, the first two are Sweden and Austria and the last two are Greece and Bulgaria. In creating this ranking, the author considered the five main indicators that characterise SDG8. These were in relation to our variables: x1, x2, x3, x4 and x5. The ranking created for 2020 by Kuc-Czarnecka et al. [72] showed that the best positions were held by the Netherlands and Finland, and the worst positions were held by Greece and Cyprus. In the latter study, the authors used different weights for all variables.



In the static analysis, Luxembourg and Ireland were often the outliers. This is confirmed by the study conducted by D’Adamo et al. [73]. As the authors point out, the distinguishing feature of these countries is a very attractive tax system, which appears to have succeeded in stimulating economic growth but has failed to reconcile it with the Sustainable Development Goals.



The verification of H2 was based on the DTW method, which is rarely used in studies on the SDGs. An example of such application was the study of SDG7 by Dmytrów et al. [61]. This study was able to identify homogeneous clusters of countries geographically. Unfortunately, it was not possible to extract such clusters in the current study on SDG8. A very large number of clusters were obtained, which were highly internally heterogeneous, as well as many clusters consisting of individual countries. This demonstrates the high diversity of EU countries according to the dynamics of the degree of SDG8 implementation. This may be related to the fact that EU countries are diverse in terms of their policies. There is a need to tailor programmes to the specifics of each region [74]. In addition, the main implications of the research by Anselmi et al. [75] are that Europe is moving towards the Sustainable Development Goals in an uneven manner, and so there is a need to define an agenda that allows for greater cooperation between several countries.



The third research hypothesis states that the COVID-19 pandemic caused a decline in the degree of SDG8 implementation. This is consistent with the research conducted by Grzebyk et al. [70]. In the last year of their study, 2020, the effect of the COVID-19 pandemic was observed. Also, other conducted studies are consistent with H3 [16,17,18,19,20]. Research conducted by Shuai et al. [76] identified progress towards the SDG targets after COVID-19 in the period 2020–2024 by means of predicted GDP and population growth and machine learning models. They justified that the total implementation of the SDGs declined by 7.7% in 2020 globally, with the performance of the 12 socio-economic SDGs (including SDG8) declining by 3.0–22.3% and the performance of the 4 environmental SDGs increasing by 1.6–9.2%. By 2024, progress on the 12 Sustainable Development Goals (including SDG8) will be delayed by one to eight years in comparison with their pre-COVID-19 trajectories, while the 4 environmental SDGs will gain additional time. Only the trajectory of SDG5 remained unchanged.




6. Conclusions


Decent Work and Economic Growth remains central to the prosperity of countries. Emerging crises cause countries around the world, including in the European Union, to face unexpected challenges.



It follows that the sustainable development of European countries is not uniform. It depends on their level of economic development, political and historical circumstances and the level of development of society. It will be interesting to see whether all countries will reach their targets in 2030. Therefore, research in this area is worth continuing.



A study of this type has some limitations. On the one hand, data for individual SDGs are available in the Eurostat database and grouped accordingly. On the other hand, the individual targets overlap. Hence, the question arises whether other variables should not also be taken into account when assessing the degree of achievement of a selected SDG. It is also interesting to note the proposals in the literature for other indicators. However, it happens that the data needed for the determination of other types of indicators are not collected with sufficient frequency and concern, for example, five-year periods. In addition, the data used for the classic indicators are provided with a delay of at least one year. Having more up-to-date data is essential in order to make effective and timely policy decisions. Another critical aspect is the fair assignment of weights. Researchers are also not consensual in assigning weights to individual indicators. Their inclusion may contribute to interesting new research results.



The conducted research allowed the first research hypothesis to be positively verified. The regions of the European Union with the highest degree of SDG8 implementation were the Nordic countries together with the Netherlands. On the other hand, the countries of Southern and Southeastern Europe were characterised by the lowest degree of SDG8 implementation. The second research hypothesis could not be positively verified. The dynamics of change in the degree of SDG8 implementation did not depend on the geographic location of a country, and no clearly differentiated clusters could be identified. The positive verification of the third hypothesis indicates a negative impact of the COVID-19 pandemic on the level of SDG8 implementation in EU countries.



This analysis may also encourage us to draw some policy recommendations. Countries with a low level of the degree of SDG8 implementation should follow the realisation of policy with respect to the Nordic countries, as they are the best in this regard. In the need for analysing the dynamics of the degree of SDG8 implementation, Ireland should be considered, as in the case of this country the increase in the indicators was the highest. The conclusions of this research may have a number of implications for governing bodies and policy makers in EU governments. When SDG8 implementation is low, it is necessary to change the governance model and take rigorous action. It is also important to establish cooperation between good and weak countries in order to equalise the level of SDG8 implementation. There is a need to adapt policies and programmes to the specific needs and characteristics of each region. There is unlikely to be a one-size-fits-all approach to guarantee success. The specific economic, social and environmental circumstances of the regions must always be taken into account.
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Figure 1. Sustainable Development Goal 8 targets. Source: own elaboration on the basis of [4]. 
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Figure 2. Research scheme. Source: own elaboration. 
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Figure 3. Homogeneous clusters of the European Union countries and the pattern—the degree of SDG8 implementation in 2002. Source: own calculations. 
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Figure 4. Homogeneous clusters of the European Union countries and the pattern—the degree of SDG8 implementation in 2009. Source: own calculations. 
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Figure 5. Homogeneous clusters of the European Union countries and the pattern—the degree of SDG8 implementation in 2021. Source: own calculations. 
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Figure 6. Homogeneous clusters of the European Union countries—dynamic analysis of the degree of SDG8 implementation. Source: own calculations. 
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Figure 7. Dynamics of the degree of SDG8 implementation in the clusters of the EU countries in years 2002–2021. Source: own calculations. 
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Table 1. Pattern values of indicators.
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	Specification
	   