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APPLICATION OF TOPSIS METHOD FOR ANALYSIS OF
SUSTAINABLE DEVELOPMENT IN EUROPEAN UNION
COUNTRIES

Adam P. Balcerzak — Michat Bernard Pietrzak

Abstract

The main purpose of the research is to examing@rbgress achieved by European countries
in the field of implementing the concept of susthile development and to point the group of
countries that can be considered as leaders insipta¢re. The research is based on the
Eurostat data and it is conducted at macroecondeviel in the years 2004-2013. The
sustainable development concept should be considesea multidimensional phenomenon.
Thus, Technique for Order Preference by Similaietydeal Solution (TOPSIS) was used in
the research. TOPSIS method allows to evaluateolijects in terms of multidimensional
economic phenomena based on the set of detailedoedo attributes (variables). The
dynamic synthetic index describing the relativeelewf sustainable development of the
countries was created, which enabled to propos#irsgrof the countries and group them into
homogenous subsets. The grouping was conductedapytiication of natural breaks method.
The comparison of the ratings in the period 2004326hows that most of the new member
states of European Union have made a significamgrpss in implementing the concept of
sustainable development. The research enabledimb the countries that are the leaders in
the field.

Key words: multiple-criteria decision analysis (MCDA), TORBSImethod, sustainable

development, European Union

JEL Code: C38, Q01

Introduction

Creation of conditions for sustainable developmienturrently a foundation for national

policy guidelines in the case of all developed d¢oas. In the European Union it has
influenced the main long term development prograonsh as Lisbon Strategy and Europe
2020 (European Commission, 2010; Balcerzak, 201%.a base for priorities in allocation

of European Funds. However, macroeconomic politiassupport conditions for sustainable
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development are not only important form the lomgtg@erspective, but they are also crucial
from the current and short term point of view, lasytinfluence the most important economic
spheres of economic welfare such as regional dpuedat (Pietrzalet al, 2014; Wilket al,
2013), fiscal stability (Balcerzat al, 2016, Balcerzak & Rogalska, 2016), situation acal
labour markets, quality of human capital and comtiget potential in the reality of global
knowledge based economy (Balcerzak 2009a, 200909(2d.), 2016; Balcerzak &urek
2011, Pietrzak & tapiska, 2015).

In the case of the EU the main responsibility faalization of sustainable
development guidelines is kept at a national lefsla result, there is a need for monitoring
progress achieved in this area by all member stdtes quantitative methods should be
applied in this field. As a result, the main aimtloé¢ article is to assess the progress achieved
by the EU countries in implementing the conceptsotio-economic sustainability and
sustainable development and to point the groupuohties that can be considered as leaders
in that sphere. In the research a macroeconomgpeetive is taken in the years 2004-2012.
The year 2004 as the first year of the researchclwvasen deliberately as it was the year of the
biggest enlargement of the EU. The last year ofrésearch was mainly restricted with the
availability of the Eurostat data.

Based on the literature review and previous worthefauthors (Pietrzak & Balcerzak
2016), it is assumed that the sustainable devedapm a multidimensional phenomenon that
can be only quantified with application of multigldateria decision analysis (MCDA)
approach. As a result Technique for Order Preferebg Similarity to Ideal Solution

(TOPSIS) was applied in the analysis.

1 Application of TOPSIS for Multiple-criteria Analy sis and Economic

Research

In spite of the fact that the concept of sustaieativelopment has been the subject of
research and scientific discussion for last fewyefmom the perspective of measurement or
even definition, it is still a source of signifidanontroversies (Garriga & Mele, 2004;
Bartniczak, 2014). However, in the context of ipgplcability most of economists agree that
international comparisons of the level of sustad@allevelopment must be done with
application of quantitative methods. Then, the ephachas strictly multivariate character.
Thus, the sustainable development must be analydidapplication of multiple-criteria
decision analysis (MCDA) methodology (Mardaatial, 2015; Balcerzak & Pietrzak, 2016b,



The 10" International Days of Statistics and Economics, Rague, September 8-10, 2016

2016¢c, 2014a, 2014b). As a result, in the propaeesdarch Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS) is applied

TOPSIS enables to evaluate the objects in termsnatidimensional economic
phenomena based on the set of detailed economibuédts (variables) (Yoon & Hwang,
1995; Balcerzak & Pietrzak, 2016d). Based on abkeéiagnostic variables a synthetic index
is calculated. Thus, it takes into account the atffeof all determinants of multivariate
economic phenomenon. In the case of TOSPSIS théheti index is defined as the
similarity to positive ideal solution and remotesdrom the negative ideal solution.

In the case of dynamic research a fixed posimrs’%) and negative(lgj) ideal
solutions for the whole period of the research shdie applied, which is a condition for
obtaining comparable results. Then, for every ys®l objectO; separation measurdgf ;
from the positive ideal solutioﬂﬁ ; and separation measures from negative ideal enldlffi
are assessed. Relative closeness to the posigaésdlution is a normalized measure usually
on scale of 0-1. The value of synthetic measurdeselopmentSMD; that describes every
objectO; can be obtained by combining the proximity to pusitive ideal solution and the

remoteness from the negative ideal solution, giveeh equation (1).
s _ _ Dgi
SMDL = m (1)
The value ofSMD; describes the level of development of economicmpheena under
consideration and the index is also on the scale-df High value of indeMD; implies

high level of development of analysed phenomena fgiven objeco;.

2 Quantification of Sustainable Development in th&eU Countries with
TOPSIS

The aim of the research was the comparison ofaethed bf sustainable development in the EU
countries in the years 2004-2013. The analysisosaducted for 24 countries. Malta, Cyprus
and Luxemburg were excluded from the research dumavailability of some data for these
economies. Croatia was not included in the anabjisier, as the country joined the EU only
in the last year 2013. Eurostat data was the lmagéé conducted study.

As it has been already noted in the previous pérthe paper the sustainable
development must be treated as multivariate phenomeThus, a set of diagnostic variables
(given in table 1) was used to obtain the synthegasure of development with application of
TOPSIS method with constant ideal solution for years 2004-2013. This approach enabled
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to compare the results from the dynamic perspecililie selection of the diagnostic variables
was based on the literature analysis and the pabpb&uropean Commission and Eurostat in
regard to variables used for measurement of swadtEndevelopment at national level
(European Commission, 2010). The variablgsxzi, Xst andxs; andxg; can be considered as
stimulants, which means that high values of vaesbsupport sustainable development.
Variablesxs;, X5t andx;; were considered as dis-stimulant, which meanshlgit values of
variables hamper sustainable development. Formipreal research the dis-stimulants were
transferred into stimulants. Then all the variablese normalised with classic normalisation

procedure based on average and standard deviation.

Tab 1. Diagnostic variables used to assess sustditeadevelopment in the EU countries

Variable Description of the variable Character of he variable

X1t Socioeconomic development — Real GDP per capita imuktnt

Xot Sustainable production and consumption — Resounuptivity stimulant

Xat Social Inclusion — People at risk of poverty oriabexclusion dis-stimulant

Xat Demographic changes — employment rate of older evsrk stimulant

Xst Public Health - expectancy stimulant

Xet Climate change and energy - Primary energy consomper capita [dis-stimulant

X7 Sustainable transport - Energy consumption of frarisrelative to|dis-stimulant
GDP

Xat Global partnership - Official development assistaas share of grogstimulant
national income

Source: own work.

In order to obtain a positive ideal solution a nmaxim value of the variable in the
whole period was used. By analogy, in order to iobsanegative ideal solution a minimum
value of a given variable for the years 2004-20E3 wsed. The results for the years 2004,
2008 and 2013 are given in table 2.

TOPSIS method gives the possibility to order thgecis. Additionally, the method
allows to divide the objects into homogenous suhdadr this purpose the Jenks method (the
method of natural breaks) was used. The idea ofnitethod consists of minimization of
variance for objects from the chosen subsets anxinmzation of variance between the
subsets. Application of the method enriches thecrg@son of the groups of objects and
greatly simplifies the interpretation of the obtdresults.

In the research the countries were grouped toHm®aogenous classes, where in the
class 5 the economies with the highest level oftstic measure for sustainable development
were grouped. In the class 1 the countries withlaigsest value could be found. The

classification of the countries is presented ifigare 1 and table 1.
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Fig. 1. The classification of EU countries from the perspdive of sustainable
development in the years 2004, 2008 and 2013

2004 2008

2013

l:] class 1
[ Jeclass2
[ class 3
- class 4
B oo N

Source: own estimation based on Eurostat data.

In the case of the rankings for the years 2004828%d 2013 with the exception of
Portugal all the “old” member states occupy thstfir3 positions. In the class 5 one can find
Denmark, Sweden, the Netherlands and the UnitedcgdGm. All the remaining “old”
members can be found in classes 4 and 3 in cha=sas.yOn the other hand, in classes 2 and
1, which are characterized with the lower valuethefmeasure for sustainable development,
one can find “new” members states. In the yearglZ13 in the class 1, which groups the
countries with the lowest level of value of the sw@& for sustainable development, there are

Romania, Hungary, Slovakia, Poland and Slovenia.

Tab. 2: Ranking of EU countries from the perspectie of the sustainable development
level in the years 2004, 2008 and 2013

Country SMD | Rank | Class Country SMD | Rank | Class Country SMD | Rank | Class
Denmark 0,727 1 5 Sweden 0,75f 1 5 Sweden 0,72L 1 5
Sweden 0,681 2 5 Netherlands 0,657 2 5 Denmark 0,642 2 5
Netherlands 0,668 3 5 United Kingdom 0,644 3 5 United Kingdom 0,642 3 5
United Kingdom| 0,637 4 5 Denmark 0,641 4 5 Netherlands 0,637 4 5
France 0,579 5 4 Ireland 0,568 5 4 Ireland 0,611 5 5
Ireland 0,564 6 4 France 0,562 6 4 France 0,568 6 4
Italy 0,531 7 4 Germany 0,552 7 4 Germany 0,560 7 4
Germany 0,52% 8 4 Finland 0,518 8 4 Belgium 0,53 8 4
Belgium 0,495 9 3 Belgium 0,514 9 4 Spain 0,509 9 4
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Greece 0,49(|) 10 3 Spain 0,492 10 3 Austria 0,479 10 3
Finland 0,483 11 3 Greece 0,479 11 3 Finland 0,469 11 3
Austria 0,458 12 3 Austria 0,461 12 3 Italy 0,454 12 3
Spain 0,457 13 3 Italy 0,460 13 3 Czech Rep. 0,426 13 3
Slovenia 0,413 14 3 Czech Rep. 0,413 14 3 Greece 0,418 14 3
Estonia 0,372 15 2 Estonia 0,408 15 3 Portugal 0,405 15 3
Portugal 0,362 16 2 Portugal 0,366 16 2 Estonia 0,381 16 2
Lithuania 0,352 17 2 Lithuania 0,336 17 2 Lithuania 0,367 17 2
Czech Rep. 0,34 18 2 Bulgaria 0,334 18 2 Latvia 0,326 18 2
Bulgaria 0,341 19 2 Slovenia 0,328 19 2 Hungary 0,324 19 2
Poland 0,319 20 2 Latvia 0,317 20 2 Bulgaria 0,306 20 2
Latvia 0,304 21 2 Romania 0,31F 21 2 Slovak Rep 0,298 21 1
Romania 0,292 22 1 Poland 0,258 22 1 Poland 0,275 22 1
Hungary 0,279 23 1 Slovak Rep 0,238 23 1 Slovenia 0,268 23 1
Slovak Rep 0,192 24 1 Hungary 0,222 24 1 Romania 0,208 24 1

Source: own estimation based on Eurostat data.

In the last stage of the research a percentagegyebani the value of synthetic measure
for the years 2004-2008, 2008-2013 and 2004-201@ wssessed. By analogy to the results
presented in table 2 and figure 1, the countrie®weouped to five homogenous classes with

application of a natural breaks method. The resultgyiven in table3 and figure 2.

Tab 3. The changes of the value of synthetic measufor sustainable development for

the EU countries

2004-2008 2008-2013 2004-2013
% change % change % change
Country of SMD Rank | Class| Country of SMD Rank | Class Country of SMD Rank | Class
S'F‘;"ak 2381% | 1 | 5 | Hungary 46.36% 1 g Slovak | o866 | 1| s
ep Rep
Czech | 190506 | 2 | 5 | SV 53470 | 2 4| G 076 | 2 | 4
Rep. Rep Rep.
Sweden 11,18% 3 4 Portugal 10,46% 3 4 Hungary %,29 3 4
Romania 8,60% 4 4 Lithuanja 9,04% 4 4 Portuga 11,93% 4 4
Estonia 8,58% 5 4 Polang 8,95% 5 i Spajn 11,31% 5
Spain 7,66% 6 4 Ireland 7,68% 6 4 Ireland 8,34% 6
Finland 7,20% 7 4 Belgiun 4,21% 7 3 Belgium 8,139 7
Germany, 5,07% 8 3 Austria 3,74% 8 3 Latvig 7,22%) B 4
Latvia 4,20% 9 3 Spain 3,40% 9 3 Germany 6,67% 9 4
Belgium |  3,75% 10| 3 C;:gh 3,21% 10 3| Sweden  587% 10 3
Portugal 1,33% 11 3 Latvia 2,89% 11 3 Austria 4,52% 11 3
pnlted 1,25% 12 3 Germany 1,52% 12 3 Lithuania 4,28% 12 3
Kingdom
Austria 0,75% 13 3 France 0,28% 13 B Estonia 2,56% 13 3
Ireland 0,61% 14| 3| Denmatk 0,12% 14 3 | United |5 g0, 14 3
Kingdom
Netherlan, -1,62% 15 2 United -0,38% 15 B France 29,7 15 3
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ds Kingdom
Bulgaria -2,14% 16 2 Italy -1,39% 16 3 Finland -2@89 | 16 3
Greece | -231% | 17| 2| Nehermal soge, | a7 | 3 | Netheral o pene | 17| 3
nds nds

France -2,99% 18 2 Swedgn -4,78% 18 2 Bulgaria 720,3| 18 2
Lithuania| -4,37% 19 2 Estonig -5,54% 19 2 Denmark-11,69% 19 2
Denmark| -11,80% 20 1 Bulgarig -8,41% 20 2 Poland -13,72% P0 2
Italy -13,37% 21 1 Finland -9,41% 21 2 Italy] 1867 21 2
Hungary -20,55% 22 1 Greece -12,56% 22 Greece ,59% 22 2
Poland -20,80% 23 1 Slovenja  -18,43% 23 Romania 0,596 23 1
Slovenia -20,99% 24 1 Romanja -36,08% 24 1 Slovénia35,55% 24 1

Source: own estimation based.

Fig. 2. Percentagechange of the value of SMD for sustainable developmefor the EU
countries

percentage difference in 2004-2008 percentage difference in 2008-2013

[ Jeclassn
[ Jelass2
[ class 3
I s s
B o5 N

Source: own estimation based.

In the case of the “old” members positive changéghe synthetic measure for
sustainable development in 2004-2013 occurred intuBal, Spain, Ireland, Belgium,
Germany, Sweden, Austria and the United Kingdonsplite of the negative consequences of
the crisis form the year 2008-2010, in the casBafugal and Spain the increase of the value
of the measure was higher than 10%. The largestdse in the value of the synthetic
measure occurred in Italy and Greece, which amouMe57% and 14.59% respectively.

In the case of the Central European countriesjtinva¢d the EU after 2004, Slovakia,

Czech Republic and Hungary can be pointed as thenpbes of very good results. In the
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years 2004-2013 these economies recorded the targesase in the level of the synthetic
measure for sustainable development equal to 52.229%87% and 16.29%. Negative trends
occurred during this period in Bulgaria, Poland,nRmia and Slovenia. In the case of
Romania and Slovenia the value of the syntheticsoreadecreased by 30%.

This “divergence” among “new” members and relagveJood results of such
countries as Czech Republic (in relation to othent@l European economies the country was
relatively highly rated from the first year of thesearch), or the increase of the value of the
measure for such “old” members as Ireland and Belgiconfirm that the improvement of
socio-economic sustainability of a country is nolyoa matter of simple “convergence”

process, but it can be seriously influences bytirtginal and policy factors.

Conclusion

The article concentrated on the problem of susitdéndevelopment in Europe analysed form
macroeconomic perspective. The aim of the reseaashto examine the progress achieved by
the EU economies in the field of implementing tbaaept of sustainable development and to
point the group of countries that can be considexedeaders and the example of good
practice in the field.

In the paper the sustainable development was tleate a multidimensional
phenomenon. As a result TOPSIS method was appliditei analysis. The comparison of the
ratings in the years 2004-2013 shows that sombéefrtew” EU member states have been
able to reach a significant progress in supporttireggconditions for sustainable development.
The research confirms that Scandinavian econorietherland and Great Britain can be
considered as the leaders in the field.

Additionally, the obtained results can indicate tthlhe improvements of socio-
economic sustainability cannot be treated only asatter of simple “convergence”, but this

process is rather influenced by institutional antigqy determinants.

References

Balcerzak, A. P. (2009affectiveness of the Institutional System Reladhe Potential of
the Knowledge Based Econoniskonomistag, 711-739.

Balcerzak, A. P. (2009b). Wplyw dziatakwod regulacyjnej pastwa w obszarze kreowania

tadu konkurencyjnego na rozwdéj nowej gospodarki.AnP. Balcerzak (Ed.)Aktywnd¢



The 10" International Days of Statistics and Economics, Rague, September 8-10, 2016

regulacyjna pastwa a potencjat rozwojowy gospodarHiorun: Polskie Towarzystwo
Ekonomiczne Oddziat w Toruniu, 71-106.

Balcerzak, A.P. (Ed.). (2009Polski rynek pracy w warunkach integracji europegk
Torun: Wydawnictwo Adam Marszatek.

Balcerzak, A. P. (2015). Europe 2020 Strategy atrdc&iral Diversity Between Old and
New Member States. Application of Zero-unitarizadethod for Dynamic Analysis in the
Years 2004-201Fconomics and Sociolog§(2),190-210.

Balcerzak, A. P. (2016). Multiple-criteria Evaluati of Quality of Human Capital in the

European Union CountrieEconomics and Sociolog9(2), 11-26.

Balcerzak, A. P., & Pietrzak, M. B. (2014a). Efekhos¢ instytucjonalna krajow Unii
Europejskiej w kontedcie globalnej gospodarki opartej na wiedhystitute of Economic
Research Working Papers. No. 11/2014. Retrieved from:
http://econpapers.repec.org/paper/peswpaper/20hd13antm.

Balcerzak, A.P. & Pietrzak, M. B. (2014b). Are N&W Member States Improving Their
Institutional Effectiveness for Global Knowledgesbd Economy? TOPSIS Analysis for
the Years 2000-201Qnstitute of Economic Research Working Pape¥®. 11/2014.
Retrieved from: http://econpapers.repec.org/papswpaper/2014_3anol6.htm.

Balcerzak, A. P., & Pietrzak, M. B. (2016b). Stwel Equation Modeling in Evaluation of
Technological Potential of European Union Countileghe Years 2008-2012. In: M.
Papie & S. Smiech (Eds.).The 10th Professor Aleksander Zelias International
Conference on Modelling and Forecasting of Sociofteenic PhenomenaConference
ProceedingsCracow: Foundation of the Cracow University ob&Bemics, 9-18.

Balcerzak, A. P., & Pietrzak, M. B. (2016c). Humaeavelopment and Quality of Institutions
in Highly Developed Countries. In: M.H. Bilgin, HDanis, E. Demir, & U. Can (Eds.).
Financial Environment and Business Development.c@edings of the 16th Eurasia
Business and Economics Soci&pringer International Publishing.

Balcerzak, A. P. & Pietrzak, M. B. (2016d). Qualiof Institutions and Total Factor
Productivity in European Unioistatistics in Transition new seriek7(3).

Balcerzak, A. P., Pietrzak, M. B. & Rogalska, E)18). Fiscal Contractions in Eurozone in
the years 1995-2012: Can non-Keynesian effectselgut in future deleverage process?.
In: M. H. Bilgin, H. Danis, E. Demir, & U. Can (EdsBusiness Challenges in the
Changing Economic Landscape - Vol.Proceedings of the 14th Eurasia Business and
Economics Societyspringer International Publishing. 2016, 483-496

10



The 10" International Days of Statistics and Economics, Rague, September 8-10, 2016

Balcerzak, A. P. & Rogalska, E. (2018)on-Keynesian Effects of Fiscal Consolidations in
Central Europe in the Years 2000-2018:. M. H. Bilgin, & H. Danis, (Eds.)
Entrepreneurship, Business and Economics - VolPrdceedings of the 15th Eurasia
Business and Economics Soci@pringer International Publishing, 271-282.

Balcerzak, A.P. &urek, M. (2011). Foreign Direct Investment and Uptyment: VAR
Analysis for Poland in the Years 1995-20B89ropean Research Studidg(1), 3-14.

Bartniczak, B. (2014). Granting State Aid in then@xt of Sustainable Development
Principles.Equilibrium. Quarterly Journal of Economics and Bomic Policy 9(2), 41-
54.

European Commission (2010). Europe 2020 A strafimggmart, sustainable and inclusive
growth, Communication from the commission, Bruss&l3.2010 COM(2010) 2020.

Garriga, E. & Mele, D. (2004). Corporate Social gassibility Theories: Mapping the
Territory. Journal of Business Ethic§3(1), 51-71.

Pietrzak, M. B., & Balcerzak, A. P. (2016). Assessinof Socio-Economic Sustainability in
New European Union Members States in the years-2002 In: M. Papig & S. Smiech
(Eds.).The 10th Professor Aleksander Zelias Internatid@ahference on Modelling and
Forecasting of Socio-Economic Phenomen&onference Proceedings Cracow:
Foundation of the Cracow University of Economic30-1.29.

Pietrzak, M. B., & Lapiska, J. (2015). Determinants European Union’s tradeidence from
a panel estimation of the gravity model& M Ekonomie a Managemerit3(1), 18-27.

Pietrzak, M. B., Wilk, J., Kossowski, T. & Bivan®&. (2014). The identification of spatial
dependence in the analysis of regional economieldpment - join-count test
application. In: M. Papie & S. Smiech (Eds.).Proceedings of the 8th Professor
Aleksander Zelias International Conference on Mibagl and Forecasting of Socio-
Economic Phenomenaracow: Foundation of the Cracow University of Bomics,
Cracow, 135-144.

Mardani, A., Jusoh, A., & Zavadskas, E. K. (200)zzy multiple criteria decision-making
techniques and applications - Two decades reviem f£994 to 2014Expert Systems with
Applications 42(8), 4126-4148.

Wilk, J., Pietrzak, M. B., & Siekaniec M. (2013)h& impact of metropolitan areas on internal
migrations in Poland. The case of southern regitmsM. Papie¢, & S. Smiech (Eds.).
Proceedings of the 8th Professor Aleksander Zétieesnational Conference on Modelling
and Forecasting of Socio-Economic Phenome@eacow: Foundation of the Cracow

University of Economics, Cracow, 124-132.

11



The 10" International Days of Statistics and Economics, Rague, September 8-10, 2016

Yoon, K.P., & Hwang, C.L. (1995Multiple Attribute Decision Making: An Introduction
Thousand Oaks, CA: Sage Pub.

Contact

Adam P. Balcerzak

Nicolaus Copernicus University, Department of Ecoics
Ul. Gagarina 13a, 87-100 TaruPoland

adam.balcerzak@umk.pl

Michat Bernard Pietrzak

Nicolaus Copernicus University, Department of Stats and Econometrics
ul. Gagarina 13a, 87-100 TaruPoland

michal.pietrzak@umk.pl

12



