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Abstract: Sustainable development is a widely known concept in public and
academic circles and in macroeconomic policy. This study applies data
envelopment analysis to 37 European countries for the period 2004-2016 in
order to evaluate sustainable development objectively. The model uses gross
domestic product per capita as desirable output, CO; emissions and Gini Index
as undesirable outputs and three input variables: unemployment rate, fixed
capital formation and energy consumption. Thus, all three pillars of sustainable
development are included in the analysis. This is the first comprehensive
analysis of European countries carried out with this methodology. Several
model specifications are observed, in order to check for robustness of results.
The results indicate that countries which are already highly ranked by existing
world indices are ranked similarly in the empirical results of this research.
Moreover, the most inefficient countries have shown an increase in sustainable
development efficiency score over the observed period.

Keywords: sustainable development; data envelopment analysis; DEA;
performance; undesirable output; robust ranking; EU environmental legislation;
efficiency scores; dynamic analysis.

Reference to this paper should be made as follows: Skrinjarié, T. (2020)
‘Re-examining sustainable development in Europe: a data envelopment
approach’, Int. J. Environment and Sustainable Development, Vol. 19, No. 1,
pp.72-108.

Biographical notes: Tihana Skrinjarié is currently a Postdoctoral Researcher at
the Department of Mathematics at Faculty of Economics and Business,
University of Zagreb. She focused on financial econometrics and its application
in portfolio management. Her research areas are risk management, applied
econometrics and financial economics, with focus on regime switching
methodology and portfolio management. She has published more than
60 publications in the mentioned areas. Her other areas of research include
tourism demand, sustainable development and measuring efficiency within
those two areas.

1 Introduction
The concept of sustainable development (SD) and its derivatives such as sustainable

tourism, business, management, etc. is not something new today. However, this paradigm
is in the focus of academics, politicians and the public now and has been for the last 20

Copyright © 2020 Inderscience Enterprises Ltd.



Re-examining sustainable development in Europe 73

years. The UN adopted a resolution on SD in 2015, in which SD is measured and
compared for all countries in the world via an index of 17 sustainable development goals
(SDG) and 169 associated targets (UN, 2015a). Thus, SD represents some of the most
interesting and important topics today. Sustainable economic development has gained
popularity especially since 1987, with the Brundtland Report from the UN (1987). In
Europe, environmental policy was officially established in 1973, as a result of the UN
Conference on the Human Environment in Stockholm; with the first program
(Environmental Action Program — EAP) starting in 1973. Since then, there have been
many worldwide conferences on SD (the concept of SD appeared for the first time in
World Conservation Strategy (WCS) in 1980; other examples include: The
Intergovernmental Panel on Climate Change (IPCC) in 1988; Earth Summit — United
Nations Conference on Environment and Development in Rio de Janeiro in 1992; World
Summit for Social Development in Copenhagen in 1995; United Nations Millennium
Summit in New York in 2000, and others including a few more recent ones, such as:
World Summit on Sustainable Development in Johannesburg in 2002 and Rio+20
Summit — UN Conference on Sustainable Development (UNCSD) in 2012, all of which
show the importance of SD nowadays.

In order to measure the progress of achieving goals which have been set by the UN,
the European Union and other relevant committees, quantitative measures have to be
used. In this way, countries and regions can be compared one to another objectively.
Moreover, policy makers in countries can observe the measures needed in order to
achieve SD goals. Good and bad practices can be tracked over time, so changes can be
made in order to facilitate faster achievement of set goals.

The SDG index is based upon 169 targets, making it complicated to calculate. The
Sustainable Society Foundation measures the Sustainable Society Index (SSI) and three
indices of wellbeing (human, economic and environmental) based upon 21 other
indicators (SSF, 2014). The European Commission measures more than a hundred SD
indicators (Tampakoudis et al., 2014). Since so many different data have to be measured
to interpret and compare, the whole process of constructing different SD indices is
cumbersome and time consuming. Policies and practices have to change over time due to
changing market, social and other conditions in countries. This is why other approaches
of SD measurement and comparison should be used in order to obtain faster results which
are both reliable and of good quality. In that way, the policymakers and other involved
parties can make timely and good decisions when they are needed.

The purpose of this paper is to empirically evaluate the SD of the European countries
through economic, social and environmental variables by applying data envelopment
analysis (DEA).

There are several interesting aspects to the study:

Firstly, the majority of European countries have to follow EU legislation and
recommendations on social and environmental protection. As a result, unambiguous
comparison can be made by applying the same methodology over a group of countries.

The existing literature of evaluating SD components surprisingly does not cover and
compare European countries (as will be seen in the second section of the paper, the
majority of existing research focuses on OECD countries, examples include Sueyoshi and
Yuan (2016) and Aguado and Martinez (2012); or BRICS countries: Santana et al. (2014)
and Camioto et al. (2016). Thirdly, by using fewer variables compared to some of the
existing indices and rankings, one can observe if the same or similar results can be
achieved. This is needed, as public data on all aspects of SD is not fully available.
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Lastly, DEA methodology is widely used when relative efficiency needs to be
compared amongst different units being compared. Comparison is made by ranking
countries (or regions) with respect to SD. Thus, a parsimonious approach is made in this
research to see if basic DEA models with several variables can be used, in order to
objectively evaluate the SD efficiency of a selected group of countries. If this is found
true, the results in this study can be extended in future research to construct time varying
SD indices, as well as to get more detailed insights into sources of efficiencies in the
countries studied.

Several DEA model specifications were applied in order to fully evaluate the
efficiency of observed countries. Analysis determines which variables contribute to the
quantitative evaluation of SD, in order for policy makers to be more focused on relevant
variables in their own countries. Several approaches to checking robustness were made in
order to have reliable results. This was done by comparing several DEA models and their
results. The rankings in this paper have been compared to those of two internationally
established ranking systems. Finally, reasoning for some anomalies in the results is
provided, which is not done often in the literature.

The rest of the paper is structured as follows. The second section gives an overview
of previous empirical research relevant to this one. The third section describes the
methodology applied in the study, and the fourth section gives results of the empirical
analysis. The final section presents the conclusions.

2 Previous research

The empirical literature on SD in Europe can be grouped into research which uses
econometric techniques to estimate the relationship between growth and selected
variables, and into research which applies DEA to compare relative efficiency of
countries or regions. Since econometric research is not of interest in this paper, only a
few papers are mentioned here, those which are related to this study and can help with the
selection of variables. This research mostly observes panel data and estimates static or
dynamic panel models. In most of the literature, the authors have observed just 2 out of
the 3 pillars of SD.

Tampakoudis et al. (2014) used 11 indicators of sustainability, and panel regression to
observe their impact on gross domestic product (GDP) growth in the Euro zone!. The
results indicated that factors such as the employment rate of older workers, total
renewable electricity net generation, resource productivity and gas emissions were the
most influential on GDP growth.

Lopez-Menendez et al. (2014) explored the environmental Kuznets curve for the EU
27 at that time. They examined panel data and focussed on the greatest pollutant, CO,.
Results indicated that only 4 countries exhibited the inverted U shape (meaning that these
countries had a somewhat quality of distribution of the income growth or the pollution
reduction), whilst 11 countries still had a positive relationship between GDP growth and
pollution. 9 countries had a negative relationship (meaning that these countries may
already have solved most of their problems). When the authors tried to pool all of the
data, it was not possible, meaning that disparities existed between those EU countries.

Analysis like that provided in this paper is needed to study those disparities.

Chang et al. (2014) observed 98 countries across the world (time span: 1990-2007)
by. The authors found that the increase in the carbon footprint resulting from economic
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growth cannot be counterbalanced by technological advances in environmental protection
at different stages of economic development. Thus, more reasonable development
policies are needed to overcome problems associated with economic development. The
conclusions of the paper include emphasising that changes to the structure of the industry
are most important for lowering pollution in general.

Fotis and Pekka (2017) focused on the Euro zone countries via panel data system
general method of moments (GMM) estimation and found that greater usage of
renewable energy in a country leads to lower pollution levels, an expected result.

Armeanu et al. (2017) observed panel data of the 28 EU countries in order to
determine drivers of sustainable economic growth (for period 1977-2014). Several
variables such as higher education, business environment and infrastructure, as well as
technology and demography were used. Real GDP growth rate was used as a SD growth
rate. Authors found that the adult literacy rate, expenditures per student (in higher
education) and total expenditures on research and development (R&D) are positively
related with GDP growth, while a negative relation exists for these variables:
infrastructure, technology and demographic changes. However, as the authors
acknowledged, GDP growth rate is not the most suitable measure of SD, since it does not
cover welfare and income distribution. Thus, a social component is missing here.

Fotis and Polemis (2018) observed panel data, in the same way as their previous
research, for 34 European countries in the period 2005-2013. Focus in this study was on
GDP per capita, the pillars of SD environmental policy and renewable energy use.
Emissions of SO, (sulphur dioxide), NOx?> (oxides of nitrogen) and NMVOC
(non-methane volatile organic compounds) were used as pollution variables, and the
share of renewable energy in gross final energy consumption was used as an indicator).
Again, the social component is missing. Results, not surprisingly, suggested that there
exists a monotonic relationship between pollution and GDP.

Other relevant and related research with econometric methodology can be found in
the articles mentioned above. An overview of empirical papers with only an economic
and social view is given in Rabar (2017).

Looking at DEA methodology, the majority of existing research on SD is
concentrated on development of new models to evaluate specific questions®. Here, the
focus is on empirical research which investigates the efficiency from an economic,
environmental and social point of view. There are also analyses which observe economic
and environmental aspects, such as;

e  Zhou et al. (2007a, 2007b), in which a non-radial Malmquist index is calculated for
26 OECD countries with labour force and energy consumption as inputs and GDP as
output, with CO,, SOx (sulphur oxides), NOy and CO emissions as undesirable
outputs

e  Zhou et al. (2008), where a radial model is applied over GDP as a desirable output
and CO; emissions as an undesirable output

e Halkos and Tzeremes (2013), who analysed 27 Annex I countries (period 2006-
2010) via a two-stage DEA (first stage uses GDP as output and capital stock and
labour force as inputs; second stage uses GDP as input and emissions of CO,, CHa,
N,0 and F-gases* as bad outputs).

Since recent SD studies incorporate three aspects of SD, economic, environmental and
social, the rest of this section reviews papers with all three components.
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As Zhou et al. (2018) observed, the first wave of papers only included two aspects of
SD (economic and environmental), whilst the more recent ones observe trade-offs
between all three components.

From Table A1 in Appendix, it can be seen that the majority of papers observe mostly
developed countries (e.g., OECD). Furthermore, many different DEA models were
employed.

Regarding the variables in the models, inputs are usually energy consumption, labour
force, gross fixed capital, etc. The outputs are GDP (per capita) or income, bad outputs
CO; emissions (or other pollutants), poverty indices and Gini Index. In that way, all three
components of SD are included in the analysis. It is not clear why Bruni et al. (2011) use
GDP as an input in the analysis, while most other studies use GDP as an output variable.
It would be interesting to repeat the evaluation with this change in the models. The usage
of output variable as an input in the model is found in Tsai et al. (2016), who determine
labour force as input and CO; emissions as the only output. Other papers separate the
desirable from undesirable outputs. It is quite surprising that, to the knowledge of the
author, no study exists which compares European countries by including all three pillars
of SD.

There exist several approaches when dealing with SD and the treatment of variables.
Since some of the variables are basically outputs, such as pollution or Gini® Index, their
values should be as small as possible. Some authors just translate the data (see Yeh et al.,
2010); or treat those variables as inputs (see Zhang et al. 2008). Others apply weak
disposability technology (Fare et al., 2004).

By looking at the existing research, several conclusions can be made. Firstly, a
holistic approach is missing in the majority of the studies. This means that one out of the
three pillars of SD is usually missing when talking about SD, or measuring and
comparing efficiencies. The contribution of this paper compared to existing ones is in
filling that gap. Secondly, results in this study are presented in greater depth, by
comparing and contrasting the characteristics of the most efficient and most inefficient
countries in order to get better understanding of the sources of inefficiencies. Finally, the
results are compared to previous studies, as well as to the existing rankings of the UN and
RobecoSAM Country Sustainability Ranking (CSR) Index, two widely known ranking
systems for SD.

3 Methodology

3.1 Theoretical models

Since DEA methodology used in this study is fairly well known, this section will briefly
describe the main models. The basic notation and models are given as follows. Data on n
decision making units (DMU) is available as follows:

e minputs and s outputs, with xe M,,, denoting a matrix which contains data on inputs
and ye M, denoting a matrix which contains data on outputs.

e xie R" andye R’ are vectors of all inputs and outputs of the DMU under
evaluation, je {1, 2,...,n},x;>0,x;#0, ;> 0, y;# 0.
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The basic models, denoted with CCR (Charnes-Cooper-Rhodes, 1978) and BCC
(Banker-Charnes-Cooper, 1984) are models with fixed and variable returns to scale
respectively; with each model having the possibility to be input or output oriented. For
example, the BCC-O model can be solved in 2 phases. In the first one, the rate of output
enlargement (Cooper et al., 2006) is maximised:

max 7
Y

st x;—xu=0

ny; —yu<=0 [(BCC-0) )

uz=0

Zn:f‘f =1
j=1

and afterwards, in the second phase, the sum of input excesses (vector #) and output
shortfalls () is maximised as:

max et” +et”
ut

st X, —xp=t
Ny —ypu=t 2

m=>0,t >0, >0

Zn:"f =1
=]

with the optimal value of #* from the first phase being used. DMU} is said to be BCC

efficient if and only if #" =1,#" =0 and ¢~ =0. Details on these basic models can be

found in Cooper et al. (2006, 2011). The window analysis of Klopp (1985) is suitable for
evaluating DMUs over time. In that way, one can observe whether policy makers are
managing changes for the better or worse. Moreover, models in which a researcher
observes undesirable outputs such as pollution and inequality are as follows. DMUs with
more good outputs (such as GDP) and fewer undesirable outputs are more efficient than

others with more undesirable (or bad) outputs and fewer good inputs. Now p*; € R" is
added, a vector of undesirable outputs for DMUj, with y?; > 0. The new production
possibility set is now defined as:

{(x,y,y” Nx, 2y, <y =y p=0> p, = 1}, 3)
Jj=1

where yPe M,,,. Slacks-based measure (SBM model) is optimised as follows (Tone,
2001):
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r= ﬂﬁg{l,tb 1 s t, w t,’.’
s+w {; v " ; yll;]
s.t. X, = X[+ t
v, =yu-t (SBM-undesirable) 4)
Vi=yu+t

where # is a vector of excess undesirable outputs. The DMU under consideration is
efficient in the presence of undesirable outputs if and only if p* =1, #*=0, ¢ * = 0 and
" = 0. Weights on inputs and (bad) outputs can be imposed. Thus, the objective function
in (4) can be modified to the following expression:

I ~~pit

1_7 L1

. m; Xy
min , )

;l,tf,t*',tb 1 S p_t w pbth
r'r r'r
TR

r=1 yi/ r=1 yl'j

where p7, p*; and p” denote weight on input i, output r and undesirable output r,
respectively. It holds that:

m

Zplf:m,pfzo Vi,Zp:+pr:s+w,p:20 Vr,pl 20 Vr.

i=1 r=1 r=l1

More details on DEA methodology and environment efficiency assessment can be found
in Ball et al. (1994) or Zhou et al. (2008).

3.2 Data preparation

For the empirical analysis, data on 37 European countries for the period 2004—2016 has
been collected from the World Bank (2018) and Eurostat (2018) for the following
variables: unemployment rate, energy consumption (terajoule per capita), GDP per capita
(2010 fixed prices, Euro), Gini Index, CO, emissions (kg per 1 Euro of GDP) and gross
fixed capital formation (% of GDP). The countries were: Albania, Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Macedonia, Malta, Montenegro, Netherlands, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine and UK.
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Variables were chosen based upon previous existing research.

Unemployment rate is observed rather than employment, due to problems with these
variables in macroeconomics. For example, higher employment does not necessarily
mean lower unemployment (imported labour force, etc.). By choosing to lower the
unemployment rate in the economy, policymakers move towards SD (see Aceleanu et al.,
2015).

GDP is a basic variable in macroeconomics used to compare countries. This study
measures it per capita in order for it to be fully comparable across different countries
(regions, etc.).

Energy consumption (again, per capita for comparability purposes) is a typical input
variable in the production process.

The Gini Index is used because it incorporates a social component of the SD and
inequality.

Gross fixed capital formation is a typical macroeconomic variable used in macro
models of GDP growth, due to it being a necessary condition for the production process.

The requirement for the number of DMUs, inputs and outputs is met, whether one
follows Golany and Roll (1989): n>2(m+s), Bowlin (1998): n>3(m+s) or Dyson et al.
(2001): n>2ms. It can be seen that the economic component of the evaluation is satisfied
in the variables of energy consumption, GDP and fixed capital; the social component via
the Gini Index, and the unemployment rate; and the environmental component in the CO,
emissions. Some variables which are, in essence, bad outputs can be observed as inputs,
as some previous literature suggests. Thus, based upon the model used in this study, some
of the variables will be bad outputs in one model and input in another (e.g.CO;
emissions; see Table 1 for details). Countries were chosen depending on the availability
of data and to have a broader base to compare one country to another, especially for those
countries which are candidates to join the EU and need to harmonise their policy
measures with those of the EU. The models applied in the study are shown in (1) and (2).
These are based upon the previous literature which uses the environment components as
inputs or reciprocal values of environment components as outputs as undesirable outputs
in the production process:

1 Static models — averaged data over the period 2004-2016:

a  SBM, undesirable outputs, constant return to scale, weights: B:G = 1:1
b  SBM, undesirable outputs, constant return to scale, weights: B:G = 5:1
¢ SBM, undesirable outputs, constant return to scale, weights: B:G = 1:5
d SBM, undesirable outputs, variable return to scale, weights: B:G =1:1
e SBM, undesirable outputs, variable return to scale, weights: B:G = 1:5
f  SBM, undesirable outputs, variable return to scale, weights: B:G =5:1
g BCC-I

h BCC-O

i CCR-I

j CCR-O

2 Window analysis — the length of window is the total time span — this part will
include the best models from the first group. Best models will be determined by
comparisons of their rankings to the official rankings of UN.
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Table 1 Description of inputs and (bad) outputs in the analysis

Variable: Unemployment Energy . GDP  Gini C02 Fix?d
rate consumption emissions  capital
A I I O Bad BadO I
B 0
C
_ D
[}
3 E
=
F
G o
H g 8
5 S o
I g =
=
J

Source: Own elaboration

Models with undesirable outputs are the primary ones in the analysis, with the basic BCC
and CCR models being used to check the robustness of ranking in models A-F. B:G
stands for the ratio of weights on bad (undesirable) outputs relative to good outputs.
Ratios were changed in order to see if giving equal values to good and bad outputs affects
the ranking of the model®. The results are shown for 3 models throughout the paper (D, G
and I), whilst other ones are shown in more detail in tables in the Appendix. By observing
so many models, more robust results can be achieved and the results in this paper are then
comparable to other studies which utilised one of the approaches in this one.

All of the analysis was performed in DEASolver v.12 and other basic calculations in
Excel.

4 Empirical results

4.1 Initial results

Before the analysis was begun, basic time series for whole Europe for GDP, CO,
emissions and Gini Index were collected in order to observe general changes over
decades. These series are shown on Figures 1 and 2. Data were collected for the period
1968 until 2016 for GDP and CO; emissions, and from 1980 for the Gini Index. The GDP
in Europe shows a constant growth over several decades, with a minor decline during the
last financial crisis in 2007-2008. However, major changes can be seen in the emission of
CO; as a major pollutant, as mentioned in literature.. It experienced a sharp growth until
the 1980s, when it declined (due to WCS mentioned in the introduction) for a short
period. A major decline can be observed since publication of the Brundtland Report in
1987. The Gini Index shows an increase over the first third of the observed period, after
which it stabilised in 1990s when the majority of the countries in Europe moved to
capitalist oriented systems, with opening and deregulation of economies. However, this is
only a general picture, without insights into differences which surely exist between
countries.
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Figure 1 Evolution of GDP (left axis) and CO2 emissions (right axis) in Europe
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The models A-F were optimised first, with the results in Table A2, which show
efficiency scores for each country. The most efficient countries across all models were
France, Luxembourg, Netherlands, Norway, Switzerland, UK, Ireland and Denmark.
These results are not surprising, and are in line with results in previous literature which
includes these countries in the analysis [such as OECD countries analysis, see Aguado

and Martinez (2012)]. Reasons why these countries are the most efficient ones include

e successful policies for ending poverty

e the share of renewable energy increasing over the years (e.g., Norway had a 58%
share of renewable energy in total energy consumption in 2018 [as discussed in Fotis
and Pekka (2017) where authors focused on renewable energy]

e increasing the access to clean fuels over the years
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e good health policies

e highest net enrolment rates in education (almost 100% in primary education) with
the greatest Programme for International Student Assessment (PISA) scores

e the highest indices of corruption perception in the public sector (the greater the
values of this index, the greater is public trust and lower corruption)

e the highest government efficiency scores.

These results are in line with Romer’s (1986) and Todaro and Smith’s (2003) new growth
theory in which the economic growth is a result of the internal state of an economy
(system), with knowledge having the biggest role. This theory supports investing in
human capital, higher learning, and R&D. The most efficient countries listed here, follow
these practices.

Although Beck and Wilms (2004) stated that SD is contradictory to the contemporary
western culture and lifestyle, the countries which are found to be the most efficient
regarding SD are those closest to the western lifestyle, in contrast to the most inefficient
ones. These results are in line with Tsai et al. (2016), where the most efficient European
countries were found to be France, Germany, Ireland, Iceland, Italy, Luxembourg, Malta,
Norway and Sweden. The exceptions are Albania, Montenegro and Romania, but the
authors did not include the third pillar of SD, namely the inequalities within a country.
Thus, this could lead to wrong conclusions. Moreover, the rankings of inefficient
countries found here (Albania and Montenegro amongst others) are in line with the UN
and RobecoSAM rankings, while Tsai et al’s results are not. Tsai et al. (2016) add that
the French government provides subsidies for industries and technologies linked to
low-carbon emissions and with low environmental impact. Moreover, since the countries
in the efficient group are the high income ones, these results are in line with Costantini
and Martini (2006), where the demand side of SD and reduction of pollution are result of
the increase in income, when people are more willing to pay for greater living standards,
due to seeing a clean environment as a luxury good.

The most inefficient countries were Albania, Macedonia, Serbia, Montenegro, Latvia,
Bulgaria and Turkey. The majority of this second group of countries are non-EU
members (the exceptions are Latvia and Bulgaria). Their results are in line with most
inefficient countries in Tsai et al (2016), where Bulgaria, Bosnia, Belarus and Ukraine
were found to be the worst.

The major factor found for each of these countries is that they have the lowest SD
scores regarding industry, innovation and infrastructure of the economy. This again, is in
line with the new growth theory. The diffusion of information and organisational
efficiency are mostly impacted by the quality of the infrastructure, especially the
telecommunication infrastructure, as found in Hardy (1980); which reinforces the
Romer’s (1990) model of the knowledge spillover. Besides, each of the countries in this
inefficient group has a much lower value of government efficiency index as well as
corruption index, with lower average years of total schooling, as well as a lower PISA
score. Thus, education and investment into R&D seem to be crucial factors which
influence the rankings of countries in these types of analysis.

Some of the problems the inefficient countries are facing today are related to the
statistics and data collection needed for the purpose of SD measurement. Also the quality
of the data, not only for the SD measures, but for the total economy For example, Albania
today faces problems with data such that only 32% of the indicators from the global
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indicators framework of constructing measure of the SD index are available. 24% are
partially available, 39% are not available at all and 5% are not applicable to Albania (UN,
2018e). In addition, some of the countries within this group belong to the former Soviet
economic structure, which was highly inefficient (Gorobets, 2008).

The UN (2015Db) states that many national statistical offices lack sufficient money and
knowledge, and are vulnerable to political influences. As a result, official data may be of
poor quality. Some countries face problems such as state institutions not being set up to
facilitate the development of the private sector, and lack of foreign direct investment,
with great vulnerability of specific groups in their societies (e.g., Serbia, see CEVES,
2018). Others face rapid pseudourbanisation, for example Turkey. The results for the two
contrasting groups are in line with findings by Armeanu et al. (2017), who, by using
panel data on the EU 28, found that investment in education and R&D is positively
related to SD, and that the Corruption Perception Index (CPI) is negatively correlated.

These results are in line with previous literature which focused on specific aspects of
the economy and its link to SD. Psacharopoulos and Patrinos (2004) found that additional
schooling (of one extra year) leads to an average rate of return of around 10%, with the
greatest returns being found for low and middle income countries. Thus, great
opportunities exist for the most inefficient countries. Regarding corruption, results from
Mauro (1995) indicate that corruption leads to lower economic growth, which is a
characteristic of the majority of the inefficient group of countries. Finally, Mauro (1998)
found a negative relationship regarding corruption and public spending on education,
which amplifies the aforementioned problems of schooling and SD within Romer’s
(1990) model.

The differences between these two groups of countries among inputs and outputs are
great: for example the average unemployment rate in the inefficient group is 2,74 times
greater than the efficient group, energy consumption is 2,95 times greater, and the Gini
Index 1,19 times greater. Average GDP per capita in efficient countries is 8,66 times
greater.. Standard ¢-test was performed for the equality of means between efficient and
inefficient countries regarding the inputs and outputs. Results indicate that on the usual
levels of significance, the difference between each of the variables is greater than 0
values’ with the exception of energy consumption.

Thus, there exists a significant difference between employing the economic inputs on
one side and social and environmental standpoints on the other. The rankings in all 6
models are relatively unchanged, with the exception of Ukraine. It is the only country
which changes rank significantly when the assumption of constant returns to scale is
converted to variable. This country becomes efficient with variable returns to scale. The
reason lies in the characteristics of inputs and outputs: GDP per capita for Ukraine is low
in the collected sample and CO, emissions are very high, which puts it closer to the
inefficient group. However, other variable values are much closer to the efficient set of
countries. This affects its ranking and the projection on the efficient frontier based upon
changing the assumption on the returns to scale. Moreover, there could be a problem of
measurement error for some of the variables. Thus, we should be cautious when
interpreting results for this country. This was considered in Gorobets (2008), where it is
stated that problems regarding SD in Ukraine are due to the Soviet economy inheritance,
poor understanding of the concept of SD by the government and public and an absence of
clear and focused goals for achieving good national programs of SD. In conclusion it is
probable that Ukraine belongs in the inefficient set of countries.
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4.2 Robustness checking

In Table 2, detailed results are shown for models D, G and I for comparison. These three
were chosen due to the rationale that each country can utilise its input variables to
achieve desirable outputs and to minimise the levels of undesirable outputs. The three
models are very similar in their ranking of the most efficient countries, as well as the
most inefficient. However, the model with undesirable outputs (model D) gives much
lower optimal values for the most inefficient countries in the study, because it measures
the undesirable output in a different manner compared to the basic BCC or CCR models.

Table 2

Efficiency scores for models D, G and [

VRS, B:G = 1:1 (model D) BCC-I (model G) CCR-I (model 1)
DMU Score DMU Score DMU Score
Luxembourg 1 Denmark 1 Denmark 1
Netherlands 1 France 1 France 1
Norway 1 Iceland 1 Luxembourg 1
Switzerland 1 Italy 1 Netherlands 1
UK 1 Luxembourg 1 Norway 1
France 1 Netherlands 1 Switzerland 1
Denmark 1 Norway 1 UK 1
Italy 0.999 Slovenia 1 Italy 0.993
Sweden 0.999 Sweden 1 Iceland 0.979
Slovenia 0.999 Switzerland 1 Ukraine 0.978
Germany 0.999 Ukraine 1 Austria 0.946
Czech Republic 0.999 UK 1 Sweden 0.930
Ukraine 0.997 Czech Republic 1 Germany 0.920
Iceland 0.994 Slovakia 1 Greece 0.898
Slovakia 0.993 Germany 0.996 Malta 0.892
Austria 0.810 Austria 0.958 Poland 0.877
Ireland 0.792 Malta 0.935 Serbia 0.876
Finland 0.566 Finland 0.923 Cyprus 0.870
Belgium 0.502 Serbia 0.917 Ireland 0.858
Spain 0.453 Greece 0.915 Slovenia 0.839
Cyprus 0.412 Lithuania 0.901 Hungary 0.830
Malta 0.296 Poland 0.897 Lithuania 0.828
Portugal 0.281 Cyprus 0.882 Czech Republic 0.826
Greece 0.225 Hungary 0.875 Finland 0.817
Hungary 0.215 Belgium 0.871 Portugal 0.810
Lithuania 0.211 Ireland 0.865 Belgium 0.805
Estonia 0.199 Portugal 0.847 Slovakia 0.797
Poland 0.189 Spain 0.829 Spain 0.778
Croatia 0.178 Romania 0.797 Montenegro 0.776

Source:

Author’s calculation
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Table 2 Efficiency scores for models D, G and I (continued)

VRS, B:G = 1:1 (model D) BCC-I (model G) CCR-I (model 1)

DMU Score DMU Score DMU Score
Turkey 0.147 Montenegro 0.789 Croatia 0.735
Romania 0.147 Croatia 0.783 Bulgaria 0.714
Bulgaria 0.107 Macedonia 0.766 Macedonia 0.712
Montenegro 0.089 Bulgaria 0.753 Romania 0.688
Latvia 0.088 Turkey 0.692 Estonia 0.617
Serbia 0.085 Estonia 0.654 Albania 0.610
Macedonia 0.058 Latvia 0.627 Latvia 0.593
Albania 0.052 Albania 0.622 Turkey 0.553

Source: Author’s calculation

Next, correlation coefficients were calculated between the scores given in Table A2 and
the SDG score calculated by the UN. The results are shown in Table 3. All of the
coefficients are positive, which means that the rankings are consistent. More importantly,
the values are greater than 0.55 for the constant and 0,70 for variable returns to scale and
all of them are statistically significant. This gives confidence that the selected variables
and models are adequate to measure SD. Another robustness check was made by
comparing the results to the RobecoSAM?® (2018) CSR index, for those countries where
this is available. The CSR ranking of the countries, from best to worst, is: Denmark,
Sweden, Switzerland, Finland, Norway, Netherlands, Ireland, UK, Luxembourg,
Germany, Austria, Belgium, France, Czech, Spain, Portugal, Slovenia, Italy, Slovak,
Poland, Hungary, Croatia, Bulgaria, Romania, Greece, Turkey and Ukraine. At both ends
of the spectrum the model scores and the CSR rankings show similar clustering of
countries (with the exception of Ukraine). These two comparisons, with the UN and CSR
ranking systems, help confirm the results of this study and suggest that the rankings are
correct, despite different variables being used in construction of the indices and the
efficiency scores in this study.

Table 3 Cocfficient of correlation of efficiency scores and SDG score
Model- CRS, CRS, CRS, VRS, VRS, VRS,
' B:G=1:1 B:G=51 B:G=1:5 BG=1:1 B:G=51 BG=1:5
Correlation 0.582 0.573 0.592 0.714 0.720 0.702
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Source: Author’s calculation

Another robustness check was made by applying the BCC and CCR models,as the
simplest models, to evaluate efficiency, as shown in Table A4. Almost the same ranking
is present in Table A4 as in Table A3, though Ukraine is close to the more efficient
countries in all 4 models, regardless of the orientation of the model and assumptions on
the returns to scale. It can be concluded that models with variable returns to scale in the
presence of undesirable outputs, as in Table A4, provide more reliable results. Moreover,
the reliability of models from Table A4 was checked by calculating correlations between
their rankings and the SDG index.



86 T. Skrinjaric

The results are shown in Table 4. Again, the coefficients are significant, although
lower than the previous ones. This could be due to the characteristics of the basic models
of BCC and CCR (they only observe inputs and outputs so undesirable outputs have to be
modified). It is interesting to note that yet again, a model with the assumption of variable
returns to scale has greater correlation to the UN ranking. This could be a basis for future
research which will extend this work by focusing on models with variable returns to
scale. These results show that using fewer variables in the model can lead to very similar
rankings of SD of observed countries. This will be useful in future work for those
countries which still do not measure all of the required factors, or when many variables
are not measureable or available to researchers.

Table 4 Coecfficient of correlation of efficiency scores and SDG score
Model: CCR-1 CCR-O BCC-I BCC-O0
Correlation 0.564 0.564 0.612 0.579
p-value 0.000 0.000 0.000 0.000

Source: Author’s calculation

4.3 Examining projections onto the efficient frontier

In order to observe detailed projections onto the efficient frontier, model E was chosen
because it had the greatest correlation coefficient in Table 3 (model B:G = 5:1). Detailed
results are provided in Table 5. Most efficient countries hardly have to make any input
reduction or output increase in order to get onto the frontier. However, some of those
countries are the greatest emitters of greenhouse gas due to their production and industry.
On the other hand, the most inefficient countries have problems with all variables in the
model, the economic ones, social and environmental as well. The countries which have
the most problems, such as Albania have realised that the main problems to solve are
public administration reform, strengthening the independence and efficiency of the
judicial institutions, increasing the fight against corruption, etc. (UN, 2018a). Latvia has
to increase the productivity in the economy, increase the higher level education rate,
increase access to healthcare, recycle more waste, etc. (UN, 2018b). Some countries did
not have measurable variables for the SD pillars even in 2016, such as Estonia, which
stated that “[in] an initial overview of 231 global sustainable development indicators [ ...]
approximately 14% of the indicators are measurable right now” (UN, 2018c). Most
efficient countries already have additional measures to help increase SD. For example
Denmark, where in June 2018 pension funds spent 650 million US dollars for promoting
Danish technology and fighting poverty in developing countries. Other problems for
inefficient countries and advantages of the efficient ones were described in
Subsection 4.1.

The problems are more prominent in models A—C, where constant returns to scale are
assumed. Table A3 in Appendix shows projections for model C (again, due to it having
the greatest correlation with the SDG). It can be seen that countries such as the UK,
which had an efficiency score of 1 in models D to F now have to make changes, e.g.
reduce CO; emissions. One possible reason for this result is that the UK is one of the
greatest importers of emissions in the world (Committee on Climate Change, 2013).
However, this research is more focused on the reliability of ranking of the DMUs;
leaving such questions for future research.
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Projections on to the efficient frontier, for model BCC-I (continued)

Table 6
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Table 6, in a similar way to Table 4, shows the differences between actual and frontier
values for each country. However, due to different definitions of inputs and outputs in the
methodology used (since the BCC model does not observe undesirable outputs), a direct
comparison cannot be made. This table could provide insights for policy makers on the
changes which would have to be made in order to obtain a higher efficiency score.
Another robustness check was made by calculating the correlation coefficients between
the efficiency score ranking for all models with undesirable output versus the basic
models from Table A4. The results are shown in Table 7, with respective p-values. It is
encouraging that the majority of the coefficients are very high, with all of them being
statistically significant. Thus, the ranking within this research is consistent and could be
used in further research.

Table 7 Correlation of ranking between models A-F with models G-J

Model 1 Model B Correlation p-value  Model I  Model B Correlation  p-value

G A 0.671 0.000 I A 0.539 0.001
G B 0.659 0.000 I B 0.524 0.001
G C 0.685 0.000 I C 0.557 0.000
G D 0.759 0.000 I D 0.832 0.000
G E 0.774 0.000 I E 0.849 0.000
G F 0.749 0.000 I F 0.821 0.000
H A 0.671 0.000 I G 0914 0.000
H B 0.659 0.000 J A 0.531 0.001
H C 0.685 0.000 ] B 0.516 0.001
H D 0.759 0.000 J C 0.548 0.000
H E 0.774 0.000 J D 0.791 0.000
H F 0.749 0.000 J E 0.793 0.000

J F 0.787 0.000

J G 0.809 0.000

Source: Author’s calculation

4.4 Dynamic analysis

The analysis so far has been static. Now we move on briefly to the window analysis of
model E, since it had the greatest correlation with the UN ranking system. The majority
of the results are omitted here; only the evolution of the efficiency scores for the most
inefficient and most efficient countries from model E over time are shown. Graphical
representations are shown in Figures 3 and 4°.

Although they are the most inefficient, with the exception of one (Montenegro), each
country in Figure 3 shows an increase in efficiency score over time (which is
encouraging).Montenegro was the only country in the group with an average decrease
rate of efficiency index (due to an increase in Gini Index over the observed period). The
reason could be poor monitoring of the majority of the SD indicators in 2016. As stated
in the Voluntary National Review (UN, 2018d), Montenegro monitored only 12% of SD
indicators.
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Since efficiency is increasing for other countries, this is good news for them; especially
for those who are EU candidate countries. It means that their SD legislation and
implementation is more in accordance with that of the EU (and UN). However, , a
slowdown in improvement of the lower ranking countries is apparent since the crisis in
2008.

The other interesting group is the most efficient ones, with their efficiency indices
shown in Figure 4. Similar conclusions can be made for this group as well. Each tcountry,
with the exception of Norway, experienced an increase in the efficiency score over time.
Here, the reason is the increase of the unemployment rate. Although Norway has a very
low unemployment rate, the slight increase of this rate since 2009 has affected its ranking
in the model.

This shows that future research should include in-depth analysis of the sources of
efficiencies and inefficiencies within the countries whose results are provided in this
study. These countries were affected by the crisis as well, since the overall scores
dropped a bit after 2008.

Finally, a graphical representation of all of the countries in the analysis was made via
a scatter plot between DEA score from static model E and the UN’s SDG index. This is
shown on Figure 5. In this way, the clustering can be seen more easily. The most efficient
countries can be spotted right away, having a DEA score of unit value and a high SDG
index. However, some exceptions can be seen, such as Slovakia, Italy and the UK. The
reason why these countries do not have a greater SDG index whilst being efficient within
DEA methodology is that their environmental wellbeing indices, measured by
RobecoSAM (2018), are lower compared to some other countries. This means that
although their overall indices of SD rank them high on the world list, the environmental
component is not fully met. This indicates that future research using DEA methodology
should include more environmental variables in the analysis.

Two other distinct clusters on the figure are the non-EU countries, which have the
lowest DEA scores and SDG index values; and the SE South) cluster — in which some of
the southern European countries are included (Spain, Cyprus, Greece, Malta and
Portugal). These countries suffer from the highest long-term unemployment rates in the
EU, have the lowest trust in institutions, and have a high percentage of people at risk of
poverty (Eurostat, 2016).

Figure 3 Efficiency scores over time, most inefficient countries, model E (see online version
for colours)
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Figure 4 Efficiency scores over time, most efficient countries, model E (see online version for
colours)
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Figure 5 Scatter plot between DEA score from model E and SDG index
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5 Conclusions

The purpose of this paper is to empirically evaluate the SD of European countries through
economic, social and environmental variables by applying several DEA models. The
reason for evaluating the SD of European countries is that the majority of European
countries have to follow EU legislation and recommendations on social and
environmental protection. Unambiguous comparison can be made by applying the same
methodology over a group of countries.

Surprisingly, the existing literature evaluating SD components does not cover or
compare European countries. Thus, a parsimonious approach was made in this research to
determine if basic DEA models with several variables can be used in order to objectively
evaluate the SD efficiency of a selected group of countries. The main goal of the research
was to achieve similar results to the official statistics ranking from international



94 T. Skrinjaric

institutions by using fewer variables in the analysis. By comparing the rankings from this
study with the existing official ones, this goal was achieved.

Several conclusions can be made based upon the previous results. The more
developed countries have better economic results and their scores relating to the
economic pillar of SD are greater. However, they have poorer results on average in the
environment pillar. The opposite is true for countries in the sample which are less
developed.

The results in this research correlate well with the rankings of official world
institutions. This means that the results obtained here are reliable, and similar results can
be achieved by using fewer variables in the analysis compared to the official statistics.
Consequently, such comparisons can be made more often and more easily in future, in
order to obtain results and to act on them more quickly. Recommendations can be made
to policymakers by reference to good practice in the most efficient countries.

Legislation is being brought in all of the EU countries in order to obtain development
goals. However, if this is not put into practice, there is no point in writing the laws. Good
practice includes not only setting the goals and sub-goals for each of the SD pillars, but
also measurement of what is achieved and ongoing performance, rewarding those who
achieve those goals and penalising those who do not. Regular audits can do this, in order
to make all those included more accountable. These audits should be not only at a
national level, but also an international level.

National and international institutions and banks which finance economic projects
with national and higher level interests should focus more on those participants who are
acting in accordance with the SDG. This includes, for example, the EU development
funds, IBRD (International Bank for Research And Development), etc. It is not surprising
that the non-EU countries (on Figure 5) have the lowest scores regarding SD, since they
do not need to comply with all of the regulations. However, some of those countries wish
to enter the EU and thus, they need to rethink their strategies in order to achieve better
SD results. Other concrete measures can be found in the individual country profiles on
the United Nations website where individual reports can be found in which countries
state the crucial problems which are specific to them.

Today, a greater volume of many different data is available regarding all of the
variables which are used to compare countries and their policies regarding SD and all of
its pillars. So citizens of a country can be informed in more detail and more quickly than
ever before, not only regarding SD, but also all other aspects of an economy. By being
more informed and more educated, citizens and non-government institutions can exert
more pressure on governments to revise environmental regulations, actions and
legislation.

Since this work has focused on European countries, there exists many possibilities of
EU funds for member states and those countries which are in the process of negotiating to
join the EU, to utilise the EU funding via EFSD (European Fund for Sustainable
Development), EAFRD (European Agricultural Fund for Rural Development), ERDF
(European Regional Development Fund) and others. The criteria are rigid, thus the best
possible outcomes are expected to be achieved if a grant is approved for a company,
project, region, etc.

Other possibilities for co-financing are available today, not only from the EU (e.g. EU
Sustainable Business for Africa), but also other world regions which have their financing
institutions (such as New Development Bank, Islamic Development Bank, Asian
Infrastructure Investment Bank etc.).
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On an individual country level, major social, economic and other problems from the
past which are country specific have to be acknowledged and tackled so that the country
can move on to deal with current problems. Problems based upon the country’s specific
characteristics need to be taken into consideration as well.

It is expected that some improvements for non-EU countries will result from
negotiations with the EU, since changes will need to be implemented before entering the
EU.

Social implications of policy guidelines include: the education of the policy makers as
well as the general public, since they are responsible for introducing and implementing
the legislation relating to equal rights; better utilisation of the European Social Fund in
order to obtain fair job opportunities for all genders, ages and races. Social implications
are shaped by local economic conditions; thus the area of social applications is maybe
one of the most difficult to suggest to a wider group of countries. However, ensuring a
good educational and health system are necessary conditions for further conditions to be
obtained.

Main results indicate that higher income countries, as well as those with a higher
ranking according to UN and other world organisation measures, are ranked higher in this
empirical study. Moreover, models with variable returns to scale have a more similar
ranking compared to the UN’s system. Thus, future research could focus more on those
models.

Some of the shortfalls of the study are as follows: Several models were used, because
there is no clear direction on which model is best to evaluate such questions. However,
the results indicated that variable returns to scale could be a starting point,. Not all of the
desired variables are included in the analysis, due to lack of available data (especially
from the most inefficient countries);. As a result, some problems are evident when
ranking the same country using different models. However, for those countries where
data measurement problems arise, initial results can provide a starting point for guidance
on what to focus on in the future, to achieve the SD goals faster.

One pitfall as well as advantage in the study was using many different variants of
several models. This is beneficial because by comparing the rankings, the robustness of
the results can be determined; on the other hand, when observing many models, more
detailed analysis should be done if differences arise.

One reason why this study employed many models was to be able to make
comparisons to previous studies which utilise just some of the approaches used in this
study. No consensus exists on which type of returns to scale in the ‘production process’
should be used when observing such questions. Thus, it is better to compare several
aspects at once to get a clearer picture for future work. Taking variable returns to scale as
a starting point, extension of this research is going to focus more on the BCC type
models.

Since this research represents one of the first comprehensive analysis of SD, focusing
on European countries; it is hoped that future related research will extend this analysis in
order to provide answers to some questions which still remain unanswered.

Finally, a base is provided in this research which can facilitate future definition and
construction of SD indices based upon different aspects of sustainability, as well as
evaluating SD more objectively.
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16 countries and individual country level as well, from 2000 to 2009.
Sulphur dioxide and nitrogen oxide.

3 These papers include Chung et al. (1997), Dyckhoff and Allen (2001), Fére et al. (2004),
Seiford and Zhu (2002) and Zhu et al. (2007a, 2007b, 2008).

CH4 — methane, NOx — nitrous oxide and F-gases — fluorinated gases.
5 Gini Coefficient.

The ratios 5:1 and 1:5 were chosen based upon results on similar topic in Skrinjari¢ (2018).
Other values were used, e.g., 3 and 10, but the rankings remained the same.

Detailed results are available upon request.

RobecoSAM  publishes the Dow  Jones  Sustainability  Indices  (DJSI).
See http://www.robecosam.com.

9  Detailed results on all countries are provided in Appendix in Table AS.
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Appendix

Summary of previous relevant DEA empirical research on SD
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Re-examining sustainable development in Europe 101

Table A2  Efficiency scores for model with undesirable outputs, constant and variable returns
to scale
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Efficiency scores for model with undesirable outputs, constant and variable returns

to scale (continued)

Table A2
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Efficiency scores for BCC and CCR models (continued)
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Efficiency score over time, model with undesirable outputs, variable returns to scale,

B:G=5:1
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Re-examining sustainable development in Europe

Efficiency score over time, model with undesirable outputs, variable returns to scale,
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