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The Sustainable Society Index measures the three fundamental pillars of sustainability (the economy, the environment, and 

development) for154 countries around the world. It assigns the same weighting to all the indicators, without any aggregation 

of the pillars. This study proposes the use of cross-efficiency in order to overcome these shortcomings and obtain a more 

accurate sustainability index that allows countries to be ranked in terms of their environmental situation as well as their 

economic and social development. First, cluster analysis is used to classify the countries into homogeneous groups, according 

to their environmental position. Then, two sustainability indices are produced to measure environmental as well as economic 

and social aspects. The results show that few countries have managed to improve all facets of sustainability, and at times 

economic development is associated with both social progress and environmental deterioration, which diminishes the end 

result. 

1. Introduction 

At the beginning, the sustainability was associated only with the depletion 

of natural resources. Today, however, it incorporates both environmental and 

economic aspects, as well as all that is aimed at rectifying the deficiencies 

created by social inequalities. These three pillars are essential to ensuring the 

sustainability of society, and the economy must be addressed within their 

limits. Fuchs (2006) provides a detailed analysis of the dimensions of the 

sustainability of the information society. He argues that indicators such as the 

Ecological Footprint, the Pilot Environmental Sustainability Index and The 

Living Planet Index, among others, focus exclusively on the most ecological 

dimension of sustainability, where human action puts pressure on the 

environment and modifies it, overlooking the economic, political, cultural and 

social aspects. 

At the same time, changes in well-being, sometimes associated with the 

level of sustainability achieved, is one of the issues that has been attracting 

most attention in recent years. Composite indices are a good tool for 

measuring utility and are used in both the academic and political field. Such 

indices are formed by aggregating very diverse components that can reflect 

the trends affecting a territory (Reig, 2010). Both public and private 

organizations have developed indicators that facilitate an assessment of 

progress towards sustainability (Environmental Performance Index, Legatum 

Prosperity Index, Sustainable Economic Development Assessment, Social 

Progress Index, and Sustainable Society Index, among others). Furthermore, 

recent studies have demonstrated their usefulness in decision-making 

processes. (Rogers et al., 2008; King et al., 2014; Phillips, 2015; Shaker, 2015, 

2018). However, there is still a lack of consensus on the assessment of 

sustainability in the abundant literature. These discrepancies relate to the 

characteristics that define sustainability, as well as the way of aggregating the 

indicators used to measure it (Phillis et al., 2010; Wu et al., 2018). 

The Sustainable Society Index (SSI) proposed by Van de Kerk and Manuel 

(2008) addresses many of the shortcomings identified, as it provides not only 

a broader definition of sustainability but also a greater degree of transparency 

in terms of how it is produced. It has been used to analyse the evolution of 

sustainability levels over time since 2006, confirming a notable overall 

improvement in terms of public debt, savings and employment (Gallego-

Alvarez et al., 2015). Recently it has been used in a number of papers to 

analyse the sustainability of specific areas of the world, such as the Czech 

Republic and Poland (Bluszcz, 2016), the EU as a whole (Stratan et al., 2018), 

and Malaysia (Igrahim et al., 2019), among others. The SSI is one of the most 

                                                                                 
 

comprehensive indices, covering the three dimensions (social, environmental, 

and economic) and evaluating more than 150 countries (Van de Kerk and 

Manuel, 2012). 

In the first edition of the SSI (2006) Van de Kerk and Manuel (2008) 

proposed a global index presenting different ways of aggregating the three 

dimensions that define it. They concluded that the choice of weights did not 

substantially affect the results. However, the recommendations of the Joint 

Research Centre of the European Commission indicate that the negative 

relationship between the Human Well-being (HW) and Environmental Well-

being (EW) dimensions prevents the aggregation (arithmetic or geometric) of 

the pillars into a single index. Therefore, in subsequent publications of the SSI, 

the authors have limited themselves to providing a ranking by pillar, omitting 

the step of aggregating the pillars, and advising that simply adding them 

together could reveal a country's level of sustainability, 1  an issue often 

criticized as eclecticism. 

Therefore, the research gap is focused on the lack of consensus regarding 

the most appropriate objective/subjective methods for determining the 

weights that could enable the aggregation of the individual dimensions that 

make up the indices. According to Barron and Barrett (1996) the different 

methods used, and their standardization, provide different weights in the 

same environment. In addition, Melkonyan and Safra (2015) claim that the 

fact that results obtained vary depending on the technique used greatly 

complicates decisionmaking. 

The research carried out has been motivated by the need to fill these gaps 

and to provide more literature on the subject; as such the aim of this paper is 

twofold. First, a simplified measurement of sustainability based on two pillars 

is proposed, thereby providing a more aggregated view of the situation. 

Second, the construction of synthetic indices using efficiency models is 

proposed, avoiding the arbitrary weighting of the indicators and components 

that make up the SSI pillars. All this is carried out in a setting of homogeneous 

groups of countries, achieved through cluster analysis. This homogeneity is 

necessary for the proper application of the cross efficiency (CE) method. The 

data used for the analysis are those published in the latest release of the SSI, 

2016. 

The main idea is to assess the environmental dimension and a combined 

economic and social dimension. The decision to aggregate these two pillars 

was based on the close relationship between the two; in a country with a 

certain level of wealth, the associated human conditions are usually at a 

similar level of development. To this end, for each group resulting from the 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eiar.2020.106375&domain=pdf
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cluster analysis, the study proposes the construction of two synthetic indices 

calculated using the multipliers provided by the cross-efficiency (CE) method: 

• DEA-SSI EW, which includes the SSI indicators related to the environment. 

• DEA-SSI EcHW, which includes both the economic and human indicators 

from the SSI, since there is a positive correlation between the two and they 

follow the same trend. 

Specifically, the research questions are: How many homogeneous groups 

of countries can be established based on EW dimension?; Does the original SSI 

EW index rank the same or similarly to countries as the synthetic DEA-SSI EW 

index?; and Are there countries with significant disparities between DEA-SSI 

EW and DEA-SSI EcHW?. 

This approach contributes a quantitative and qualitative improvement to 

the original SSI index, reducing the dimensions and circumventing one of the 

main weaknesses of the index; the arbitrary aggregation of indicators and 

categories using geometric means that assign the same weighting to each one. 

According to Wu et al. (2018), this is not Pareto-optimal, making it difficult to 

use the index as a guide for decision-making. The use of efficiency techniques 

to construct synthetic indices that facilitate the ranking of alternatives has 

been the subject of numerous studies focusing on a range of different areas 

of the economy (Hollingsworth and Wildman, 2002; Hollingsworth, 2008; Ho 

et al., 2010). 

The rest of the paper is organized as follows. Section 3 describes the SSI as 

well as its evolution since 2006. Section 4 explains the methodology used to 

produce the synthetic indices. Section 5 details the main results. Finally, 

Section 5 summarizes the conclusions drawn from the research. 

 
2. Sustainability assessment: Sustainable Society Index 

The assessment of sustainability is a complex issue, the aim of which is to 

provide appropriate information to improve the decision-making process, 

selecting and measuring the various activities that contribute to sustainable 

development (Scrase and Sheate, 2002). In recent years, a number of 

calculation systems have been developed, focusing on the three dimensions 

of sustainable development (Labuschagne et al., 2005). Authors such as Kumar 

et al. (2009), and more recently Wątróbski et al. (2018) and Ziemba (2018), 

have offered a broad overview of the range of indices developed in this field 

to date. Said authors recognize the potential of these indices for guiding public 

policies tailored to individual scenarios, as well as for categorizing countries in 

environmental, economic and social terms. 

Generally speaking, the indices are constructed in two phases. First, the 

individual indicators that identify the different aspects of sustainable 

development are determined. The second phase entails establishing the way 

of combining the indicators to provide an overall assessment of the country, 

city or activity under analysis (Table 1). 

In the construction of any index, there is inevitably a degree of subjectivity 

involved in the process, ranging from the selection of the data, to its 

standardization and the weighting phase. Specifically, in the 1990s, the need 

for an aggregate estimation of the performance of the economy and 

sustainability prompted the emergence of numerous indices, such as the 

Human Development Index (1990), Sustainable Progress Index (1994), 

Ecological Footprint (1996), Genuine Savings Indicator (1999), Barometer of 

Sustainability (1995) and Environmental Pressure Indicators (1999), among 

others. These are indices that give the same weighting to all the aspects that 

comprise them, with the overall index calculating by summing the individual 

aspects. 

In recent decades, the growing concern about establishing an 

internationally accepted sustainable development index has led to a 

succession of indices aimed at filling this gap, such as Total Material 

Requirement (2001), Compass of Sustainability (2005), Environmental 

Sustainability Index (2002) and Environmental Performance Index (2002). 

Nevertheless, they have been of very limited use in decisionmaking due to the 

fact that issues inherent to the measurement, weighting and indicator 

selection have not been appropriately addressed at all levels. This latent 

problem thus calls for a solution in order to avoid the associated subjectivity. 

The research carried out seeks to achieve a more objective aggregation of 

the sustainability indicators that make up the SSI, an index chosen due to its 

coverage of the three aspects of sustainability (environmental, economic and 

social). The SSI was developed by the Sustainable Society Foundation, based 

on the definition of sustainability provided in the Brundtland report (WCED, 

1987). The aim of the index is to quantify sustainability levels, revealing the 

aspects in which countries are most deficient. Starting in 2006 and published 

every two years, the index evaluates the sustainability achieved by 154 

countries, specifying results for the three basic pillars: environmental, 

economic and social. The Joint Research Centre of the European Commission 

rates it as a sound tool, both statistically and conceptually, for measuring the 

various aspects that define sustainability. It also serves as a reference in the 

study of the progress made by the countries analysed (Saisana and Philippas, 

2012). 

It was created under the concept that society is sustainable if three 

objectives are achieved: meeting the demands of current generations, not 

compromising the ability of future generations to meet their own needs, and 

allowing every human being the opportunity to develop in freedom and 

harmony with their environment (Phélan, 2018). It is constructed from 21 

indicators, grouped into 7 categories that make up the three dimensions of 

sustainability (Table 2). 

The three dimensions of the SSI correspond to the fundamental pillars of sustainable development. The social dimension (HW) consists in ensuring 

intergenerational equity; that is, meeting individuals' basic 
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Table 1 

Some sustainable indices: weighting and aggregation. 
Sustainable indices Weighting Aggregation 

City development index 
Environment performance index 
General indicator of sciences and Technology 
Success software process improvement 

Principal Component Analysis Weighted average 
Weighted average 
Principal Component Analysis 
- 

Sustainability performance index 
Living planets 
Ecological Footprint 
G Score method 
Compass index of sustainability 
Environmental sustainability index 
Human development index 

Equal weights T. area x unit product/area per cap. 
Geometric mean 
Summation 
Summation 
Average 
Arithmetic average 
Arithmetic average 

Composite sustainability development index Composite 

sustainability performance index 
Living cycle index 
Environment quality index 

Analytic Hierarchy Process Weighted average 
Weighted average 

Geometric mean Weighted 

sum 
Nation innovation capacity Multiple Regression Regression analysis 

Source: Own elaboration. 

Table 2 

Composition of the Sustainable Society Index (SSI). 
Dimensions Categories Indicators 

Human well-being (HW) Basic needs Sufficient food 
Sufficient to drink Safe 

sanitation 

 Personal Development & 

Health 
Education 
Healthy life 
Gender equality 

 Well-balanced Society Income distribution 
Population growth Good 

governance 
Environmental well-being (EW) Natural Resources Biodiversity 

Renewable water 

resources 
Consumption 

 Climate & Energy Energy use 
Energy saving 
Greenhouse Gases 
Renewable Energy 

Economic well-being (EcW) Transition Organic Farming 

Genuine Saving 
 Economy Gross Domestic Product 

Employment Public 

Debt 

Source: Van de Kerk and Manuel (2014). 

needs in the present and the future. The environmental dimension (EW) is 

based on the obligation to maintain and ensure the continuity of ecological 

resources, limiting their consumption and reducing waste/ pollution. Lastly, 

the economic dimension (EcW) is focused on ensuring an optimal combination 

of economic development and the conservation of natural resources. 

Both the first and the second dimensions (HW and EW) are considered 

goals; while there is a strong negative correlation between the two, it makes 

no sense to achieve one without the other. On the contrary, EcW is not an end 

in itself, but rather a condition enabling improvements to the other two 

(Kaivo-oja et al., 2014). The indicators that define each category are evaluated 

on a scale of 1 to 10, with 10 being the goal for all countries to achieve. The 

categories and dimensions are calculated using the geometric mean of their 

components, assigning the same weight to all the indicators or, as the case 

may be, to the categories. In order to offer an understanding of the evolution 

of SSI dimensions, Table 3 presents the statistical characterization from 2006 

to 2016. 

Over the 10 years, the greatest progress has been made in EcW (0.33), 

however, not all countries have moved in the same direction: the drop in the 

minimum value of the EcW has widened the gap between the most and least 

advanced countries in terms of economic well-being (0.43). Similarly, the 

analysis of HW shows that, although the maximum values have remained 

steady (0.05), notable progress has been made at the per capita level (0.33). 

This dimension includes aspects such as food, safety, education, gender 

equality, and income distribution, among others. 

Today, EW is the pillar where government agencies are primarily targeting 

their combined efforts, giving rise to political measures aimed at safeguarding 

the environment. Nevertheless, and although many countries have stated 

their commitment to taking the necessary measures to prevent the drastic 

consequences of climate change, EW is the aspect that has registered only 

slight improvement, and at the per capita level the efforts made have even 

decreased (−0.13). This is a pillar that entails significant expenditure by public 

institutions, while the returns are slow to emerge and it is sometimes difficult 

to quantify the benefits, such as energy savings, biodiversity, the installation 

of renewable water resources, and the elimination of greenhouse gases, 

among others. 

The database covers a wide range of countries with diverse characteristics, 

registering extreme values for one of the pillars that make up the SSI. In 

particular, Luxembourg's scores in economic and human terms are close to 

the top, but it lags far behind in terms of the environment, even tailing 

countries such as Togo and Sierra Leone. It is interesting to analyse countries' 

situations according to their income classification, as established by the World 

Bank: high, upper-middle, lower-middle, and low income (Table 4). 

Countries classified as high income have made major efforts to address 

environmental issues, neglecting economic and human issues, while those 

classified as lower-middle income and low income have made important 

advances on economic and human issues, overlooking environmental issues 

(Table 3). Natural wealth is usually accompanied by scarce economic and 

social resources. Thus, for example, in 2016 Togo reached the highest level in 

EW, while remaining far behind the other countries in the rest of the pillars. 

Another interesting aspect is the progress that the countries have made 

between 2006 and 2016, primarily observed in EcW (GDP, employment, public 

debt, savings, etc.). The gap between the high income and low income 

countries has narrowed by just over one point, mainly because of the progress 

made by the latter. 

The SSI does not treat aspects related to the governance and sustainability 

of assets as isolated indicators, as proposed by Marques et al. (2015) in their 

study of the level of sustainability of water services. However, Brattebø et al. 

(2013) believe that both are implicit in the three pillars of sustainability and 

the extent to which they are achieved will depend on the levels reached in the 

economic, social and environmental dimensions. 
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Source: Own elaboration. Database Sustainable Society Index. 

3. Methodology for the construction of a synthetic index: DEA 

andcluster analysis 

Using partial indicators to construct an index presents a major problem: 

determining the most appropriate way to aggregate the indicators. This issue 

can be solved by creating a synthetic indicator. Currently, there is no single 

accepted method for doing so; some of the most commonly-used methods 

include principal component analysis, multiple-criteria decision analysis, 

system dynamics approach, distance principal component, systems thinking 

and analytic hierarchy process, and the Bayesian network model (Jiang et al., 

2018). All of these have certain limitations that prevent a consensus from 

being reached. 

This study proposes the use of the data envelopment analysis (DEA) 

method as a tool for aggregating SSI indicators, avoiding any prior aggregation 

of the categories that comprise the index. It is a powerful tool applicable to 

multidimensional studies, and is not affected by 

Table 4 

Evolution of SSI by income. 

subjectivity associated with the allocation of weights (Martínez-Roget, 2005). 

Such applications date back to the early 90s and feature prominently in the 

literature (Hashimoto and Ishikawa, 1993; Hashimoto and Kodama, 1997; Zhu, 

2001; Storrie and Bjurek, 2000; Murias et al., 2006; Martínez et al., 2009; 

Martín et al., 2017). 

At the beginning, DEA was proposed by Charnes et al. (1978) as an 

instrument for estimating the technical efficiency of a set of productive units 

with multiple inputs and outputs. By solving a linear programming model, the 

efficiency levels of each observation are obtained, as shown in Eq. (1). 

s ur 

Max h = 

(1) 

Table 3 
Descriptive statistics of the SSI 2006–2016. 

 
Human well-being (HW) 

 
 2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

Maximum 8.95 8.94 8.91 8.95 8.98 9.00 0.05 

Average per country 6.16 6.21 6.26 6.33 6.39 6.45 0.29 
Average per person 6.08 6.12 6.21 6.26 6.33 6.41 0.33 
Minimum 3.05 2.96 2.95 3.03 3.09 3.12 0.07 
Max-Min 5.90 5.98 5.96 5.92 5.89 5.88 −0.02 

 Environmental well-being (EW) 
2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

Maximum 8.01 8.22 8.23 8.18 8.00 8.13 0.12 
Average per country 4.89 4.84 4.92 5.00 4.99 5.02 0.13 
Average per person 4.89 4.78 4.77 4.69 4.64 4.76 −0.13 
Minimum 1.45 1.54 1.48 1.58 1.54 1.52 0.07 
Max-Min 6.56 6.66 6.75 6.60 6.46 6.61 0.05 

 Economic well-being (EcW) 
2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

Maximum 8.10 8.30 8.43 8.46 8.54 8.43 0.33 
Average per country 4.17 4.45 4.46 4.44 4.44 4.41 0.24 
Average per person 4.19 4.42 4.50 4.51 4.59 4.60 0.41 
Minimum 1.38 1.38 1.40 1.69 1.45 1.28 −0.10 
Max-Min 6.72 6.92 7.03 6.77 7.09 7.15 0.43 
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s. t. 

u , vr i  0 where: xij: amounts of inputs i (i = 1, 2, …, m) used by the jth 

country. xi0: amounts of inputs i used by the country analysed. 

yrj: amounts of outputs r (r = 1, 2, …, s) produced by the jth country. yr0: 

amounts of outputs r produced by the country analysed. ur: output 

weightings. vi: input weightings. 

Bearing in mind that the measure of efficiency takes values between 0 and 

1, it is interpreted as follows: 

• If h0 = 1, the DMU is efficient in relation to the others and, therefore, will 

be located on the production frontier. 

• If h0 < 1, another DMU is more efficient than the one under analysis. 

DEA is an objective tool because it does not need the allocation of weights 

and does not require all units to assign the equal importance to the same 

partial indicator. The DEA methodology makes it possible to differentiate 

between efficient and inefficient observations, but it does provide a ranking 

of the efficient observations. Thus, the use of the cross-efficiency (CE) method 

is needed to achieve a complete ranking of all the efficient observations. Other 

techniques such as super-efficiency have been used to obtain rankings in 

different spheres of the economy, however, its accuracy depends on the 

development of the analysis under constant returns to scale. 

CE was originally proposed by Sexton et al. (1986), and later validated by 

Doyle and Green (1994), in order to overcome the main limitations of DEA. As 

highlighted by Angulo-Meza and Lins (2002), these limitations include not only 

the inability to distinguish between efficient units but also the fact that an 

inappropriate weighting scheme can distort the results. CE is used to assess 

the performance of each country, computed using the input and output 

weights that are optimal for the other countries. The resulting CE matrix 

contains information on the efficiency of a country relative to the others. This 

allows the researcher to rank all the observations that have an efficiency score 

of 1. Each element is calculated by means of the following expression: 

sr=1 u yrk rj 

Ekj = m j = 1…,n; k = 1, …,n 

                                                                                 
 

i=1 v xik ij (2) where urk y vik are the optimal multipliers obtained by 

DEA for the corresponding country, with the original efficiency scores on the 

diagonal. Thus, the value of Ekj is obtained by evaluating country j using the 

optimum weights for country k.2 

DEA is based on two fundamental hypotheses. First, all the DMUs in the 

sample are functionally similar; that is, they all have the same type and 

number of inputs and outputs. Second, the set of DMUs has to be 

homogeneous; in other words, directly comparable. If both hypotheses hold 

true, the difference in the scores for the relative performance of DMUs in the 

sample is thought to reflect the differences in their efficiency at converting 

inputs into outputs (Samoilenko and Osei-Bryson, 2010). However, the 

presence of heterogeneity may undermine the scores registered by the 

countries. 

The literature includes studies that recommend the combination of cluster 

analysis (CA) with DEA in order to ensure these assumptions are met 

(Hirschberg and Lye, 2001; Meimand et al., 2002; Shin and Sohn, 2004; Lemos 

et al., 2005; Marroquin et al., 2008; Sharma and Yu, 2009). They all conclude 

that the groupings obtained through CA improve DEA results when applied on 

homogeneous DMUs. 

CA is a multivariate method that provides clusters of observations 

 
according to their inherent characteristics. Its application to a set of DMUs 

enables the researcher to obtain subgroups characterized by high internal 

(within-cluster) homogeneity and high external (betweencluster) 

heterogeneity. The observations in one cluster share many characteristics in 

common, and are very different from those of another cluster, since this 

method minimizes within-cluster variability and maximizes between-cluster 

variability. CA involves the following stages: 

1. Selection of variables 

2. Selection of the measure of association, which may be a distance 

(forexample, Euclidean distance) or a similarity (for example, coefficient of 

correlation. The groups formed will contain similar individuals, such that 

the distance between them is reduced or they show strong similarity, 

depending on the measure chosen. 

3. Selection of the clustering technique, choosing between hierarchicalor 

non-hierarchical methods depending on whether homogeneous groups 

are constructed by joining or separating existing clusters, or conversely, by 

exchanging observations between different clusters. 

 
Human well-being (HW) 

 
 2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

High income 7.84 7.80 7.82 7.91 7.95 8.02 0.18 

Upper middle income 6.10 6.12 6.22 6.28 6.35 6.43 0.32 
Lower middle income 5.65 5.76 5.88 5.94 6.02 6.12 0.47 
Low income 4.02 4.13 4.25 4.32 4.41 4.49 0.47 
GAP (High – Low income) 3.82 3.67 3.57 3.59 3.55 3.53 −0.29 

 Environmental well-being (EW) 
2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

High income 2.80 2.84 3.00 3.16 3.28 3.40 0.60 
Upper middle income 4.35 4.21 4.16 4.11 4.00 4.05 −0.30 
Lower middle income 5.87 5.68 5.58 5.33 5.27 5.44 −0.43 
Low income 7.34 7.34 7.42 7.45 7.26 7.28 −0.06 
GAP (High – Low income) −4.54 −4.50 −4.42 −4.29 −3.98 −3.88 0.67 

 Economic well-being (EcW) 
2006 2008 2010 2012 2014 2016 Progress score 2006–2016 

High income 5.41 5.33 4.92 4.64 4.78 4.88 −0.53 
Upper middle income 4.81 5.07 5.12 5.13 5.30 5.18 0.38 
Lower middle income 3.31 3.67 3.98 4.10 4.11 4.21 0.89 
Low income 2.87 3.14 3.32 3.42 3.41 3.39 0.52 
GAP (High – Low income) 2.54 2.19 1.60 1.22 1.37 1.49 −1.05 

Source: Own elaboration. Database Sustainable Society Index. 
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4. Validation of the results 

From all the hierarchical algorithms available, Ward's method was chosen 

for this study. It is an agglomerative hierarchical clustering method that 

enables a measurement of the loss of information that occurs when DMUs are 

integrated into clusters, through the total sum of the squared deviations 

between each DMU and the average of the cluster of which it is part. The 

method seeks to combine clusters such that the combination of those clusters 

yields the smallest increase in the sum of the squared deviations. This method 

is very commonly used because it offers all the advantages of the average 

method and has more discriminatory power when determining the clustering 

levels. According to Kuiper and Fisher (1975) this is a powerful classification 

technique; in their research they demonstrated that Ward's Method is more 

powerful than other methods (minimum, maximum, average and centroid) 

when it comes to obtaining the optimal classification. They demonstrated that 

it has all the advantages of the mean method and is more discriminating in the 

determination of clustering levels, specifically it facilitates the formation of 

more compact clusters of similar size and minimizes the loss of information in 

the clustering organization process. Recently, Bracke et al. (2019) proposed to 

combine DEA and CA, using the Ward method, in order to establish groups of 

similar characteristics and determine their efficiency based on multiple 

inputs/ outputs. 

Subsequently, the study of the 2016 SSI was carried out by forming 

homogeneous groupings of countries according to the EW dimension, 

applying CA in order to ensure robust results in the subsequent application of 

CE (Abbot and Doucouliagos, 2003; Gómez and Mancebón, 2005; Torrico et 

al., 2007; De la Torre et al., 2015). The two pillars EcW and HW are intrinsically 

more closely related, however, EW is independent of the country's economic 

and social development. This has influenced the choice of this dimension as a 

criterion for the application of the cluster. In addition, clustering based on the 

EW pillar will yield enlightening results on sustainability levels in different 

countries. 

4. Results and discussion 

The cluster analysis was carried out on 154 countries based on the seven 

indicators of the EW dimension (Table 1), yielding four groups of countries 

according to their degree of involvement in the different aspects of this pillar.3 

Table 5 shows the mean values of each indicator for its corresponding cluster. 

 Cluster 1 is made up of 71 countries, mainly from the African 

 
Table 5 

Mean values of environmental indicators by clusters. 
Indicator Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Biodiversity 6.3 4.7 6.5 7.0 

Renewable Water Resources 9.3 1.8 9.0 8.8 
Consumption 6.3 6.2 4.6 2.9 
Energy Use 8.7 5.2 6.0 1.6 
Energy Savings 3.4 5.0 5.8 6.2 
Greenhouse Gases 9.1 4.7 5.3 2.0 
Renewable Energy 5.6 1.5 1.6 2.0 
Num observations (DMUs) 71 18 40 25 

Source: Own elaboration. 

continent (52.11%), followed by Asia (19.71%) and South America (16.9%). 

Compared to the rest of the clusters, this group registers the highest mean 

scores for each indicator, with the exception of Biodiversity and Energy 

Savings, indicating that these countries with predominantly emerging 

economies have a lot of potential in terms of environmental resources. 

Cluster 2 contains a total of 18 countries, divided between Asian (72.2%) 

and African countries, though the share of the latter is much smaller. With 

respect to the indicators, Consumption (6.2) stands out on average. This 

indicator is interpreted as a measure of the use and depletion of material 

                                                                                 
 

resources. On the opposite side is Renewable Energy (1.5), revealing these 

countries' low level usage of renewable energy resources that can prevent 

fossil fuel depletion and gas emissions. 

Next, Cluster 3 is mainly made up of European countries (65%), with the 

rest being divided between the different continents. These are countries 

characterized by their high degree of commitment to the sustainability of 

water resources (Renewable Water Resources, 9.0) though the same cannot 

be said for energy resources (Renewable Energy, 1.6). Lastly, Cluster 4 

predominantly contains the countries with the highest incomes, notably 

European countries (60%), the USA and Japan. Once again, this group's 

commitment to the sustainability of water resources registers the highest 

value (Renewable Water Resources, 8.8). In addition, this is the group with the 

greatest involvement in caring for nature and energy savings (Biodiversity, 7.0; 

Energy Savings, 6.2), neglecting other aspects such as the use of energy 

(Energy Use, 1.6), needed to achieve economic development. 

Two synthetic indices have been constructed from these homogeneous 

groups, which will enable a detailed analysis of each country. The first index is 

DEA-SSI EW, calculated with only the indicators comprising the EW dimension; 

and the second is DEA-SSI EcHW, in which both the EcW and HW pillars have 

been included. 

These synthetic indices have been produced using the CE method, 

Table 6 

Definition of inputs and outputs for each indicator. 

Energy use Sufficient food Organic farming 
equality Income 
distribution 

Population 

growth Good 

governance 

 
which requires the definition of a hypothetical production function where 

outputs can be obtained from a series of inputs. As established in the 

methodology, and since the objective is not to measure efficiency but rather 

to construct indices that produce a ranking of observations, the decision of 

which variables to use as inputs and which as outputs is an arbitrary choice of 

the researcher and, at times, does not have a substantial influence on the 

conclusions drawn (Falagario et al., 2012; Puertas and Martí, 2019). The inputs 

and outputs used to construct the indices are defined in Table 6. 

The DEA-SSI EW produces a ranking with the seven environmental 

indicators, taking the three that comprise the category “Natural Resources” as 

inputs, and the four components of “Climate & Energy” as outputs. In the case 

of DEA-SSI EcHW, the inputs correspond to the HW dimension and outputs to 

the EcW. To construct both of these indices, the indicators identified as inputs 

had to be transformed into “values to be improved”, by subtracting the value 

corresponding to each of the observations from the maximum value of the 

indicator, as established by the methodology used (Martí et al., 2017). 

Table 7 compares the ranking of countries obtained by the proposed DEA-

SSI EW index with the ranking from the original SSI EW index, showing the 

differences between the two. This clustering criterion can lead to countries 

with significant economic and social disparities being included in the same 

group, as is the case with Trinidad & Tobago, which belongs to the same 

cluster as Norway and Denmark. 
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Columns 2 and 3 of each cluster show the rankings produced by the 

synthetic index and the original index, respectively. Column 4 presents the 

differences between the two, determining the possible higher ranking of the 

top-positioned countries in the DEA-SSI EW. As can be seen in Table 6, these 

differences are mostly positive; that is, the original index assigns a lower 

ranking to the top-ranked countries under the proposed index. This is 

especially true in Clusters 1 and 2, where, respectively, Mozambique registers 

a difference of 12 points and Libya of 8. In Clusters 3 and 4, meanwhile, there 

is less divergence in the rankings produced by the two indices. Montenegro, 

South Africa, Japan, and Trinidad and Tobago have the same ranking and for 

several others, such as Croatia, Moldova, Venezuela, the Slovak Republic, 

Denmark and Sweden, the difference is not significant. 

A similar analysis is then carried out with the economic and social 

dimension, first constructing the index from the original data of these two 

pillars combined4: 

SSIEcHW = EcW + HW (3) 

Subsequently, using the CE technique (Eq. (2)), with the inputs and outputs 

previously defined in Table 6, the synthetic indicator DEA-SSI EcHW has been 

calculated, thus allowing a comparison of the two rankings of countries (Table 

8). 

According to the ranking in Table 8, there are many similarities between 

the DEA-SSI EcHW and SSI EcHW rankings for the top 10 countries in Cluster 2 

and Cluster 4. According to the World Bank, most of these countries are upper-

middle-income economies and high-income economies, where economic 

well-being is aligned with a concern for improving social aspects. Identical 

rankings are produced by the two indices for countries such as United Arab 

Emirates, Iran, Algeria, Egypt, Norway, Sweden and Germany, with the indices 

differing by only one point for Saudi Arabia, Kuwait, Qatar, and the Czech 

Republic. The rest of the differences are mostly positive, reflecting the better 

position assigned by the proposed synthetic index. 

Another relevant aspect is the study of the possible relationship between 

the environmental and socio-economic dimension according to DEA-SSI EW 

and DEA-SSI EcHW. Table 9 shows, for each cluster, the top 10 countries 

according to the environmental ranking, compared to their position in the 

socio-economic ranking. 

 In all the clusters there is a wide disparity between the two 

 
Source: Own elaboration. 4 See Wu et al. (2018). 
Table 7 

Comparison between DEA-SSI EW and SSI EW rankings for the top 10 countries from the synthetic indicator. 

 
Countries Ranking 

DEA-SSI EW 
Ranking SSI 

EW 
Dif Countries Ranking 

DEA-SSI EW 
Ranking SSI 

EW 
Dif 

Burundi 1 1 0 Yemen 1 6 5 

Central African Rep 2 4 2 Sudan 2 2 0 
Togo 3 2 −1 Egypt 3 5 2 
Mozambique 4 16 12 Libya 4 12 8 
Guinea 5 10 5 Syria 5 4 −1 
Rwanda 6 7 1 Jordan 6 9 3 
Lesotho 7 3 −4 Pakistan 7 1 −6 
Gambia 8 9 1 Kuwait 8 13 5 
Zambia 9 11 2 Tunisia 9 3 −6 
Uganda 10 5 −5 U. A. Emirates 10 16 6 

CLUSTER 3 (40 countries)    CLUSTER 4 (25 countries)    

Countries Ranking 
DEA-SSI EW 

Ranking SSI 

EW 
Dif Countries Ranking 

DEA-SSI EW 
Ranking SSI 

EW 
Dif 

Montenegro 1 1 0 Denmark 1 2 1 
Korea, North 2 4 2 Norway 2 6 4 
Croatia 3 2 −1 South Africa 3 3 0 
Uzbekistan 4 8 4 Sweden 4 5 1 
Serbia 5 7 2 Austria 5 1 −4 
Romania 6 3 −3 Luxembourg 6 10 4 
Moldova 7 6 −1 Japan 7 7 0 
Venezuela 8 9 1 France 8 4 −4 
Slovak Rep 9 10 1 Trinidad Tobago 9 9 0 
Macedonia 10 5 −5 Netherlands 10 8 −2 

Note: Dif is calculated using the difference between SSI EW and DEA-SSI EW. Source: Own 

elaboration. 
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Table 8 
Comparison between DEA-SSI EcHW and SSI EcHW rankings for the top 10 countries from the synthetic indicator. 

CLUSTER 1 (71 countries) CLUSTER 2 (18 countries) 

 
Countries Ranking 

DEA-SSI EcHW 
Ranking SSI 

EcHW 
Dif Countries Ranking 

DEA-SSI EcHW 
Ranking SSI 

EcHW 
Dif 

Thailand 1 3 2 U. A. Emirates 1 1 0 

Azerbaijan 2 2 0 Saudi Arabia 2 3 1 
Panama 3 8 5 Kuwait 3 2 −1 
Costa Rica 4 11 7 Israel 4 4 0 
Philippines 5 9 4 Iran 5 5 0 
Peru 6 6 0 Algeria 6 6 0 
Nepal 7 18 11 Turkmenistan 7 9 2 
Indonesia 8 10 2 Libya 8 15 7 
Ecuador 9 12 3 Qatar 9 8 −1 
Uruguay 10 1 −9 Egypt 10 10 0 

CLUSTER 3 (40 countries)    CLUSTER 4 (25 countries)   

Countries Ranking 
DEA-SSI EcHW 

Ranking SSI 

EcHW 
Dif Countries Ranking 

DEA-SSI EcHW 
Ranking SSI 

EcHW 
Dif 

Switzerland 1 1 0 Norway 1 1 0 
Slovenia 2 7 5 Sweden 2 2 0 
Belarus 3 21 18 Denmark 3 5 2 
United Kingdom 4 12 8 Korea, South 4 10 6 
Poland 5 3 −2 Czech Rep 5 4 −1 
Hungary 6 9 3 Taiwan 6 12 6 
Romania 7 4 −3 Germany 7 7 0 
Portugal 8 17 9 Iceland 8 15 7 
Latvia 9 5 −4 Australia 9 6 −3 
Lithuania 10 2 −8 Estonia 10 3 −7 

Note: Dif is the difference between SSI EcHW and DEA-SSI EcHW. Source: Own 

elaboration. 

dimensions; for example, Togo, Yemen, Uzbekistan and South Africa occupy 

some of the top positions of the DEA-SSI EW ranking but the bottom positions 

for DEA-SSI EcHW, thus demonstrating the high environmental level achieved 

and a substantial neglect of socio-economic aspects. However, there are 

exceptions in Europe, such as Romania, Denmark, Norway and Sweden, which 

have shown strong involvement in all aspects of sustainability, thus achieving 

an overall balance, as reflected in the results of both synthetic indices.4 

Generalizing this analysis for all the observations for each cluster, it is 

possible to identify which countries present the same level of 

                                                                                 
. 
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Source: Own elaboration. 

Table 10 

Ranking of countries with the greatest similarity between the DEA-SSI EW and DEA-SSI 

EcHW indices. 
CLUSTER 1 (7%)   

Countries Ranking Ranking 

 DEA-SSI EW DEA-SSI EcHW 

Burkina Faso 24 25 
Tanzania 27 27 
Zimbabwe 44 46 
Albania 57 57 
Kyrgyz Rep 64 66 

CLUSTER 2 (11%) 
Countries Ranking Ranking 

 DEA-SSI EW DEA-SSI EcHW 

Iraq 17 17 
Oman 12 15 

CLUSTER 3 (12.5%) 
Countries Ranking Ranking 

 DEA-SSI EW DEA-SSI EcHW 

Ireland 22 22 
Italy 23 21 
Lebanon 39 40 
Mongolia 38 39 
Romania 6 7 

CLUSTER 4 (32%) 
Countries Ranking Ranking 

 DEA-SSI EW DEA-SSI EcHW 

Belgium 14 15 
Canada 21 20 
Denmark 1 3 
Finland 11 12 
Kazakhstan 17 17 
Norway 2 1 
Sweden 4 2 
United States 18 21 

Source: Own elaboration. 

environmental and socio-economic commitment. Thus, Table 10 shows the 

countries that are ranked almost identically by the DEA-SSI EW and the DEA-

SSI EcHW. 

In Cluster 4, 32% of the countries hold very similar positions in the rankings 

according to the two indices, showing their equity in all aspects of 

sustainability. In general, in all the groups analysed, it can be seen that these 

similarities are found in the countries in the fourth quartile of each group, 

reflecting their disregard for all environmental and socio-economic aspects. 

In summary, comparing the two synthetic indices constructed, it can be 

concluded that Burundi, Yemen, Montenegro and Denmark all occupy the top 

position of their respective clusters according to the DEASSI EW, while for the 

DEA-SSI EcHw it is Thailand, the United Arab Emirates, Switzerland and 

Norway that are in the top positions (Tables 1A, 2A, 3A and 4A in the 

appendix). Lastly, the countries that can be considered the best out of the 154 

in all areas of sustainability are Norway, Denmark and Sweden, which excel in 

the three dimensions included in the SSI, taking the top positions in both of 

the proposed synthetic indicators. 

5. Conclusions 

All the aspects relating to sustainability are becoming a cause of major 

concern in society. International organizations, under the urging of the 

governments of the major world powers, are adopting common measures to 

address the environmental, social and economic failings that reflect existing 

inequalities. It is essential to have access to tools that can be used to assess 

the situation of each country, thus providing an understanding of which 

aspects require greater efforts. 

One of the most widely-used indices in this regard is the SSI, which is made 

up of three pillars assessing the basic aspects of sustainability in 154 countries, 

and which has been published every two years since 2006. Despite its 

extensive content, the current version of the SSI has been sharply criticized 

due to the use of geometric means to aggregate the indicators. This limits its 

use as a discriminatory tool in the decision-making process because it gives 

equal weight to all its components, overlooking the discriminatory power of 

its different dimensions. This methodology could be an alternative to the 

aggregation methods used by the OECD or the World Bank in the construction 

of their indices. 

Table 9 
DEA-SSI EW versus DEA-SSI EcHW for the top 10 countries in the environmental ranking. 

 
Countries Ranking 

DEA-SSI EW 
Ranking 
DEA-SSI EcHW 

Countries Ranking 
DEA-SSI EW 

Ranking 
DEA-SSI EcHW 

Burundi 1 51 Yemen 1 18 

Central African Rep 2 55 Sudan 2 16 
Togo 3 69 Egypt 3 10 
Mozambique 4 68 Libya 4 8 
Guinea 5 56 Syria 5 11 
Rwanda 6 26 Jordan 6 14 
Lesotho 7 52 Pakistan 7 13 
Gambia 8 59 Kuwait 8 3 
Zambia 9 58 Tunisia 9 12 
Uganda 10 32 U. A. Emirates 10 1 

CLUSTER 3 (40 countries)   CLUSTER 4 (25 countries)   

Countries Ranking 
DEA-SSI EW 

Ranking 
DEA-SSI EcHW 

Countries Ranking 
DEA-SSI EW 

Ranking 
DEA-SSI EcHW 

Montenegro 1 32 Denmark 1 3 
Korea, North 2 19 Norway 2 1 
Croatia 3 25 South Africa 3 25 
Uzbekistan 4 37 Sweden 4 2 
Serbia 5 34 Austria 5 13 
Romania 6 7 Luxembourg 6 19 
Moldova 7 24 Japan 7 16 
Venezuela 8 29 France 8 22 
Slovak Rep 9 16 Trinidad Tobago 9 24 
Macedonia 10 35 Netherlands 10 14 
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In order to overcome some of the

 shortcomings of the aforementioned index and 

gain a more accurate understanding of the situation, this study proposes not 

only an analysis of sustainability using environmentally homogeneous 

groups, but also a way of aggregating SSI indicators that avoids any kind of 

subjectivity. The resulting indices have enabled a more comprehensive 

analysis of countries' level of sustainability, facilitating extrapolations that 

can guide the adoption of public and private measures aimed at making 

progress towards greater economic, social and environmental development. 

Two synthetic indices have been developed—one to analyse 

environmental issues and the other for socio-economic issues—for 

application to each cluster obtained using the CE method. They provide a 

simplified view of the situation, facilitating the identification of those aspects 

that require the implementation of more focused policies. 

The results confirm the wide disparities around the world. Regardless of 

the cluster analysed, it can be seen that countries with great natural wealth—

the top-ranked countries according to DEA-SSI EW—are in very precarious 

situations both socially and economically, as shown by DEA-SSI EcHW. 

Government measures adopted to date have not managed to promote 

sustainability in all its dimensions; for example, Togo, Yemen, Montenegro 

and South Africa occupy prominent positions in terms of environmental 

sustainability, but lag far behind other countries in terms of socio-economic 

aspects. 

The great exception is countries such as Denmark, Norway and Sweden, 

which have managed to combine their efforts and have achieved an overall 

balance, holding the top positions in both of the proposed indices. These are 

countries with great natural wealth along with a good socio-economic 

situation, which has helped them to implement sustainable practices by 

raising public awareness about the importance and positive returns of such 

practices. 

The economic development of countries usually involves social progress 

and environmental deterioration, which can diminish the end result. Public 

awareness-raising must be accompanied by policies that promote continuous 

improvement and that offer returns in the form of improved quality of life. 

Appendix A. Appendix 

Table 1A 
Cluster 1. Ranking of countries. 

The research carried out represents a novel contribution to the exacting 

task of assessing sustainability, allowing a comparative analysis of dimensions 

between comparable countries and adding aspects that greatly simplify the 

measurement and study of sustainability. It is an alternative tool for 

measuring sustainability, reducing biases in the difficult task of decision-

making, as it entails similar countries that could provide models of behaviour 

patterns to follow. However, one of the limitations found is that it is not 

possible to create a single synthetic index that groups together the three 

dimensions of the SSI, due to the opposing nature of its components. Future 

research should analyse issues related to the standardization of indices, which 

could affect the results, as well as the effects relating to the omission of any 

of the indicators. It would even be worth evaluating which of the dimensions 

require greater effort and dedication in order to progressively raise the levels. 
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Martí, ML; Puertas, R. (2019): Factors determining the trade costs of major 

European exporters. Maritime Economics & Logistics, 324-333. Martí, ML; 

Martín JC; Puertas, R. (2017). A DEA- Logistics Performance Index. Journal of 

Applied Economics XX (1), 169-192. 
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Countries DEA-SSI EW DEA-SSI EcHW Countries DEA-SSI EW DEA-SSI EcHW 

 

Burundi 1 51 Dominican Rep 37 14 Central African Rep 2 55 Nigeria 38 29 
Togo 3 69 Bangladesh 39 12 
Mozambique 4 68 Mauritania 40 71 
Guinea 5 56 Costa Rica 41 4 

Rwanda 6 26 Myanmar 42 17 Lesotho 7 52 Honduras 43 21 Gambia 8 59 Zimbabwe

 44 46 
Zambia 9 58 Colombia 45 33 Uganda 10 32 Guyana 46 61 Kenya 11 48 El Salvador 47 43 Congo Dem Rep 12 60 Guatemala 48 20 Sierra Leone 13 42 Papua New Guinea 49 30 

Haiti 14 36 Philippines 50 5 
Liberia 15 62 Sri Lanka 51 31 Guinea-Bissau 16 65 Namibia 52 28 Cameroon 17 45

 Vietnam 53 24 
Ethiopia 18 40 Indonesia 54 8 
Chad 19 47 Peru 55 6 

Nepal 20 7 Tajikistan 56 35 Malawi 21 64 Albania 57 57 Madagascar 22 50 Georgia 58 16 Niger 23 39 Jamaica 59 53 Burkina Faso 24 25 Panama 60 3 Senegal 25 44 Ecuador 61 9 
Cambodia 26 19 Morocco 62 41 Tanzania 27 27 India 63 34 

Benin 28 22 Kyrgyz Rep 64 66 

(continued on next page) 

Table 1A (continued) 
Countries DEA-SSI EW DEA-SSI EcHW Countries DEA-SSI EW DEA-SSI EcHW 

Congo 29 70 Uruguay 65 10 
Mali 30 37 Gabon 66 63 
Cote d'Ivoire 31 23 Botswana 67 18 
Laos 32 54 Armenia 68 38 
Angola 33 67 Mexico 69 15 
Ghana 34 49 Azerbaijan 70 2 
Paraguay 35 11 Thailand 71 1 
Nicaragua 36 13    
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Table 2A 
Cluster 2. Ranking of countries. 

Countries DEA-SSI EW DEA-SSI EcHW 

Yemen 1 18 
Sudan 2 16 
Egypt 3 10 
Libya 4 8 
Syria 5 11 
Jordan 6 14 
Pakistan 7 13 
Kuwait 8 3 
Tunisia 9 12 
United Arab Emirates 10 1 
Israel 11 4 
Oman 12 15 
Saudi Arabia 13 2 
Turkmenistan 14 7 
Algeria 15 6 
Qatar 16 9 
Iraq 17 17 
Iran 18 5 

Table 3A 
Cluster 3. Ranking of countries. 

Countries 
Montenegro 1 32 
Korea, North 2 19 
Croatia 3 25 
Uzbekistan 4 37 
Serbia 5 34 
Romania 6 7 
Moldova 7 24 
Venezuela 8 29 
Slovak Rep 9 16 
Macedonia 10 35 
Hungary 11 6 
Ukraine 12 27 
Cuba 13 18 
Bhutan 14 28 
Brazil 15 33 
Latvia 16 9 
Switzerland 17 1 
United Kingdom 18 4 
Greece 19 30 
Slovenia 20 2 
Portugal 21 8 
Ireland 22 22 
Italy 23 21 
Cyprus 24 36 
Bolivia 25 31 
Lithuania 26 10 
Spain 27 13 
Argentina 28 17 
Malta 29 12 
Mauritius 30 23 
Bosnia-Herzeg. 31 38 
Poland 32 5 

(continued on next page) 

Table 3A (continued) 
Countries DEA-SSI EW DEA-SSI EcHW 

Chile 33 11 
Bulgaria 34 15 
Belarus 35 3 
Turkey 36 14 
Malaysia 37 20 
Mongolia 38 39 
Lebanon 39 40 
China 40 26 

Table 4A 
Cluster 4. Ranking of countries. 
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Countries DEA-SSI EW DEA-SSI EcHW 

Denmark 1 3 
Norway 2 1 
South Africa 3 25 
Sweden 4 2 
Austria 5 13 
Luxembourg 6 19 
Japan 7 16 
France 8 22 
Trinidad Tobago 9 24 
Netherlands 10 14 
Finland 11 12 
Iceland 12 8 
Czech Rep 13 5 
Belgium 14 15 
Germany 15 7 
Australia 16 9 
Kazakhstan 17 17 
United States 18 21 
Russia 19 23 
New Zealand 20 11 
Canada 21 20 
Taiwan 22 6 
Singapore 23 18 
Korea, South 24 4 
Estonia 25 10 
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